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Russia, the world’s largest country, has a
population of approximately 145 million and an
area of 17,075 km2, encompassing 7 geographic,
10 time, and 3 climatic zones (1). This diversity,
along with socioeconomic changes in the 1990s,
substantially influences the country’s infectious
disease rates. We discuss infectious disease data
collected since 1990 because data for earlier years
are not available from officially published sources.

The system of health and epidemic surveil-
lance in Russia, which was organized in the
1920s, has been successful in eradicating some
infectious diseases and decreasing the rate of
others. When epidemiologists graduate from
medical school, they are assigned to sanitary
epidemiologic surveillance stations throughout
Russia, in oblast (state), county, and city offices.
Surveillance, disease reporting, sanitation in-
spections, and outbreak investigations are their
main functions. In 1993, the Central Moscow office
of regional sanitary epidemiologic surveillance

stations began publishing the monthly bulletin
Population Health and Environment with
collated data that are distributed within and
outside Russia (www.fcgsen.ru). However, data
collection is limited by inaccurate information
from private clinics and diagnostic laboratories
(especially those dealing with sexually transmit-
ted diseases and HIV infection), which some-
times do not report all the results of their
analyses and diagnoses.

Availability of medical statistics in hospitals
and regional sanitary epidemiologic surveillance
centers is still limited by  shortage of personal
computers, incompatible software, and slow
communications, which affect the speed, reliabil-
ity, and validity of data. In addition, diagnosis in
polyclinics and hospitals, especially for gas-
trointestinal and respiratory infections, is
usually based on clinical signs and symptoms
rather than laboratory identification of the
infectious agents or their markers. For example,
data for rotaviral infections have been included
in disease statistics since at least 1990, although
no laboratory reagent kits have been purchased
for testing for markers of these infections in most
regions and no data were entered in regional
reports. Another example is influenza: immuno-
fluorescent diagnostics are performed selectively
and only during outbreaks. When the number of
positive samples reaches a certain level, an
influenza epidemic is declared. Influenza is the
diagnosis recorded in the medical charts of all
patients with similar symptoms, and statistics
are coded accordingly.

Russia does not yet participate in the
European network for gastrointestinal diseases,
the Enternet (2), although international coopera-
tion in surveillance for such diseases as
legionellosis, meningococcal infections, and
malaria is improving. Increased surveillance and
improved diagnostic kits could increase the
reported incidence of certain diseases.

Selected Bacterial Diseases

Diphtheria
In the former Soviet Union, diphtheria was

controlled through vaccination. The large

Address for correspondence: J. Lyle Conrad, 1069 Burton Dr.
NE, Atlanta, GA 30329; fax: 770-922-1971; e-mail:
jlconrad@mindspring.com.
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increase in cases in the early 1990s was mainly
due to low vaccination coverage because of a new
policy, under which vaccination was not
recommended for large segments of the popula-
tion (3). This policy, which was introduced in the
beginning of the 1990s, was rescinded in the mid-
1990s. In addition, a widespread advertising
campaign on television and other mass media
about the adverse effects of vaccination caused
widespread reluctance of the public to be
vaccinated (3). As a result, by 1994, the disease
rate had increased almost 30-fold. Since then, a
mass vaccination campaign has been imple-
mented in the most heavily affected regions, and
by 1999 diphtheria rates had returned to the
levels recorded in the early 1990s. Ministry of
Health statistics (Table; 6,8) demonstrate a
sharp decrease in diphtheria, which was
achieved through an organized, voluntary
immunization campaign on a scale unprec-
edented in post-Soviet Russia.

Tuberculosis (TB)
TB rates in Russia increased by 70% from

1990 to 1995, according to sanitary epidemiologic
surveillance records (Table; 6,8). The disease rate
in 1999 was 4.5% higher than in 1998 (4,6) (61.4/
100,000 or 90,000 newly identified cases, 4,681

[5%] in children <14 years of age [6,7]). More than
25,000 persons die of TB each year (8). The
highest rates are reported from Tuva, Buryatia,
Khakassia, and the Tyumen, Jewish Autonomic,
Perm, and Novosibirisk regions, with case rates
of 266.4, 212.4, 146.8, 142.3, 137.6, 131.9, and 131
per 100,000, respectively (9). These data from the
Ministry of Health likely do not reflect the
disease rate among prisoners, who numbered
approximately 974,000 in September 2000
(www.prison.org). The TB death rate, however,
has remained stable or declined, with 16.7 per
100,000 in 1997 and 15.4 in 1998 (10).

According to the World Health Organization’s
definition (4), a case of TB is recorded if
mycobacteria are identified directly by Ziehl-
Neelsen microscopy. According to this method,
the number of TB patients in Russia is
approximately 20,000 (4). However, if mycobacte-
ria are identified through culture, polymerase
chain reaction, or other diagnostic methods, the
estimated cumulative number of TB cases is
300,000. Additional categories of patients needing
follow-up include 1 million recovered patients,
200,000 contacts of persons with newly identified
cases, and 700,000 persons with positive
tuberculin skin tests (4). Deterioration of living
conditions in the past 10 years, including food

Table. Selected reportable diseases, Russian Federation, 1990-1999 and January-June 2000 (6,8)

Disease  1990  1991  1992  1993  1994  1995  1996  1997  1998  1999  2000
Diphtheria* 0.98 1.53 2.65 10.25 26.9 24.1 9.2 2.76 0.98 0.6 0.23
Tuberculosisa 51,000 45,000 43,000 54,000 66,000 72,000 78,000 81,000 86,000 90,000 48,000
  TB-all*b 34.2 34 35.8 42.9 48 57.9 67.5 74 76 na na
  TB-MoH datac 34.3 30.5 29.4 36.5 45.1 48.7 52.8 55.1 58.5 61.4 32.4
  TB death rate 7.9 8.1 9.3 12.6 14.6 15.4 17 16.7 15.4 na na
Syphilis* 5.4 7.3 12.6 32.3 82.3 172.1 254.2 266.8 226.1 179.3 81.3
Shigella* 130.4 146.6 127.3 102.4 149.9 184.2 82 57.1 78 148.4 40.1
Hepatitis A* 204.3 165.5 117.9 109.3 111.2 122.6 86.9 50.1 33.8 30.6 15.9
Hepatitis B* 21.9 17.9 18.2 22.2 27 35.2 35.8 36.5 35.8 43.3 21.7
Hepatitis C* na na na na 3.2 6.8 8.4 9.1 11.6 19.3 10.9
Measles* 12.4 13.8 12.6 50.1 20 5.2 5.4 2 4.7 5.0 2.8
Mumps* 39.2 24.6 23.6 30.1 28.1 36.1 47 69.2 97.8 48.2 19.9
Rubella* 192.6 141 na 127 245.7 186.2 115.5 121.1 304 407 247.3
Tick-borne 3.7 3.5 4.3 5.3 4 4 6.5 4.4 5 6.7 0.9
  encephalitis*
Influenza* 3,719 4,823 6,097 3,721 2,339 3,870 2,450 5,060 2,516 4,059 5,117
HIV, new cases 95 66 72 99 146 169 1,433 3,853 3,709 10,900 na
HIV rates* 0.06 0.04 0.05 0.07 0.1 0.11 0.97 2.6 2.5 15.9 11.4
Omsk HFd 29 41 7 19 11 5 2 na 7 na na
*Rates/100,000 population.
aNew cases (6).
bTB-all includes data from civilian hospitals, army clinics, prison hospitals, and medical units of other ministries (8).
cTB-MOH data are from civilian hospitals controlled by the Ministry of Health.
dNovosibirsk region only
HF = hemorrhagic fever; na = not available; MoH = Ministry of Health
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shortages, poverty, and severe overcrowding in
prisons, is associated with increasing TB rates.
Another important factor is the spread of
mycobacterial strains resistant to antibiotics,
especially strains resistant to multiple drugs.
Uncontrolled administration of antibiotics (e.g.,
in prisons) promotes emergence of resistant
strains. Russia has a high rate of strains
resistant to a single drug (5,10), which may lead
to an increase in the number of strains resistant
to multiple drugs.

Sexually Transmitted Diseases
One- to twofold annual increases in syphilis

incidence were recorded by the early 1990s, with
a 50-fold increase in 1997 compared with 1990
(Table); however, the rate of increase has slowed
since 1996 and even decreased from 1997 to 1999
(7). These data may underestimate the incidence,
as patients treated in private clinics are not fully
reported in official statistics. The decrease in
gonorrhea incidence, which began in 1995 and
continued until 1998, when the rate of gonorrhea
became half that of syphilis, may be also
attributed to underreporting of these data by
private clinics, which received official permission
from the Ministry of Public Health to treat
gonorrhea. In 1997, the regions with the highest
rates of syphilis were Tuva, Khakassia, and
Sakhalin, with 1,381, 1,314, and 1,217 cases per
100,000, respectively (7).

Brucellosis
In the 1990s, 300 to 700 cases of brucellosis

occurred each year. No apparent long-term
trends were observed.

Anthrax
Although many natural foci are located in

Russia, the number of anthrax cases per year
during the past 10 years has never exceeded 100
(e.g., 37 in 1998, 45 in 1999) (4).

Acute Bacterial Intestinal Infections
In 1998, dysentery rates were 37% higher

than in 1997; 114,800 cases were reported,
including 66,000 in children. Shigellosis
(Table) shows no long-term trends. In 1998,
398,600 cases of acute intestinal infections of
unknown etiology were reported, including
231,700 in children. The ratio of intestinal
infections with identified and unidentified
causes remains unchanged since 1990, indicating

lack of progress in developing and adapting
new diagnostic tools.

Other Infectious Diseases
In 1998, an increase was reported in cases of

zoonotic diseases such as typhus, which
increased by 10%; borreliosis (Lyme disease),
which increased by 25%; and tularemia, for which
a twofold increase was reported. No long-term
trends were noted. A cholera outbreak was
officially recorded in Russia in 1998 in Dagestan
(8 cases, 17 carriers), and three isolated cases
were reported elsewhere. Twenty cases of
epidemic typhus and 33 cases of Brill-Zinsser
disease were reported.

Resistance to Antibiotics
Antibiotic resistance has increased in Russia

since antibiotics became available without
prescription. In addition, a high concentration of
TB patients in prisons, combined with a massive
shortage of drugs in prison clinics, results in
frequent self-treatment. This self-treatment
leads to inappropriate selection of drugs and
results in incomplete treatment, thus encourag-
ing the emergence of drug-resistant strains. A
detailed study of this situation by the Russian
Academy of Medical Sciences and Academy of
Sciences has just begun.

Selected Viral Diseases

Hepatitis
Rates of hepatitis A decreased during the

1990s, but rates of hepatitis B and hepatitis C
increased steadily (Table). Reasons may be a
sharp increase in intravenous drug use, lack of
hygiene, and high-risk sexual behavior. Half the
patients with acute hepatitis B and hepatitis C
are 11 to 30 years of age (11). Mass vaccination of
children against hepatitis B and support for the
development of a vaccine for hepatitis C are
needed to control these diseases.

Poliomyelitis
Poliomyelitis increased during the war in

Chechnya (152 cases there in 1995) probably
because of unavailability of vaccine in Chechnya
during the conflict. Only six cases of acute
paralysis were recorded in 1998, none of which
were caused by a wild-strain virus, as shown by
laboratory diagnostics (7). National immuniza-
tion efforts against polio are continuing.
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Measles, Mumps, and Rubella (MMR)
Measles rates have decreased considerably

during the last 4 years through additional
vaccination of teenagers and children at sites of
mass outbreaks during 1992-94 (Table). Mumps,
however, increased almost threefold from 1990 to
1998. The vaccine may have degraded during
delivery or storage under inadequate conditions.
In addition, funds were insufficient for mumps
vaccination programs, and financial support was
lacking in some regions for a second vaccination
at age 6 years. In 1997, a second vaccination was
recommended in the national vaccination
schedule, with support from federal funds. Rates
of rubella remain high, sometimes increasing to
epidemic levels. Russia was one of the few
European countries that did not include rubella
in the schedule of mandatory, state-funded
vaccines before 1997. The cost of support for
disabled children born to unvaccinated mothers
is much higher than the cost of vaccination;
therefore, rubella vaccine should be added to the
national vaccination schedule, ideally in the form
of MMR.

Tick-borne encephalitis
Tick-borne encephalitis, a severe zoonotic

disease, is occasionally fatal (Table). The agent is
a flavivirus transmitted through tick bites. Cases
vary from 5,000 to 10,000 per year. Some regional
administrations fund local vaccination programs
for children and adults at high risk. Adults can
pay for the vaccination in most disease-endemic
regions (Krasnoyarsk, Novosibirsk, Tomsk,
Irkutsk, Omsk, and Kemerovo).

Omsk hemorrhagic fever
Omsk hemorrhagic fever is a zoonosis caused

by a flavivirus; the infection is transmitted by
muskrats during trapping. During the past 10
years, this disease has been reported only from
Novosibirsk Region (Province) (Table). Of the
seven cases reported in 1998, one was fatal and
three were severe.

Hemorrhagic Fever with Renal Syndrome
Hemorrhagic fever with renal syndrome,

caused by a representative of the Bunyaviridae
family, has many foci in Russia. The number of
cases ranged from 2,774 in 1990 to more than
20,000 in 1997. A large outbreak in 1997 was
attributed to a surge in the population of rodents,
the natural carriers of the agent. The disease rate

returned to an average annual level of
approximately 5,000 cases by 1998.

Rabies
In Russia, the case rate of rabies in humans

remains constant (7 to 16 annual cases over the
past 10 years). All cases seem to be associated
with ignorance of postexposure prophylaxis as a
protective measure. In 1998, animal rabies in
Novosibirsk increased sharply in both domestic
dogs and wild animals. The population was
informed about the epidemic and the availability
of vaccination if needed, and no human cases
were reported despite an increase in the number
of animal bites.

Influenza
The rate of influenza has been stable every

year except for peaks in 1992 and 1997 (Table). In
Russia, this disease is diagnosed mainly by
clinical symptoms, often without laboratory
confirmation; the data represent a background
of 22 million to 23 million cases of acute
respiratory infection with unknown etiology
reported each year.

HIV Infection
The number of HIV-infected persons in-

creased from 95 in 1990 to 3,709 in 1998, virtually
doubling each year from 1993 to 1998 (Table). The
number of HIV-infected patients reached 15,569
by September 1999 (12) and a report in the
November 17, 2000, issue of Izvestia stated that
the number of officially registered HIV-positive
persons had increased to 69,120. These official
statistics on HIV may reflect only 10% to 20% of
the actual number of carriers (12). A recent study
of the Irkutsk prison population identified more
than 1,400 HIV-infected prisoners (pers. commun.,
office of public health, Irkutsk Region), although
only 30 cases had previously been reported from
the entire region.

Conclusions
Three groups of diseases cause most concern

in Russia, as well as elsewhere: TB, viral
parenteral hepatitis, and HIV infection. Public
measures for their control in Russia are
insufficient, mainly because of lack of funding for
treatment, vaccine prophylaxis, and health
education. Immunization of children against
hepatitis B is indicated. The development and
introduction of additional diagnostic tools for
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markers of intestinal and respiratory infection
and additional vaccination against mumps and
rubella are needed. However, it is unlikely that
existing public health funding will allow
additional improvements in the near future.
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Bovine Spongiform Encephalopathy

“The hungry Sheep look up, and are not fed,
But swoln with wind, and the rank mist they draw
Rot inwardly, and foul contagion spread…”

John Milton, Lycidas (1637)

Bovine spongiform encephalopathy (BSE) or
“mad cow disease” appears to have originated
from scrapie, an endemic spongiform encephal-
opathy of sheep and goats that has been
recognized in Europe since the mid-18th century
(1). It has since spread to most sheep-breeding
countries and is widespread in the United
Kingdom (UK), where until 1988 the rendered
carcasses of livestock (including sheep) were fed

to ruminants and other animals as a protein-rich
nutritional supplement.

During rendering, carcasses from which all
consumable parts had been removed were milled
and then decomposed in large vats by boiling at
atmospheric or higher pressures, producing an
aqueous slurry of protein under a layer of fat
(tallow). After the fat was removed, the slurry
was desiccated into a meat and bone meal
product that was packaged by the animal food
industry and distributed to owners of livestock
and other captive animals (e.g., zoo and
laboratory animals, breeding species, pets).

Although elements of the ensuing story are
still disputed (including its origin from scrapie,
rather than from unrecognized endemic BSE), it
appears likely that changes in the rendering
process that had taken place around 1980 allowed
the etiologic agent in infected carcasses to survive,
contaminate the protein supplement, and infect
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The epidemic of bovine spongiform encephalopathy (BSE) in the United Kingdom,
which began in 1986 and has affected nearly 200,000 cattle, is waning to a conclusion,
but leaves in its wake an outbreak of human Creutzfeldt-Jakob disease, most probably
resulting from the consumption of beef products contaminated by central nervous
system tissue. Although averaging only 10-15 cases a year since its first appearance in
1994, its future magnitude and geographic distribution (in countries that have imported
infected British cattle or cattle products, or have endogenous BSE) cannot yet be
predicted. The possibility that large numbers of apparently healthy persons might be
incubating the disease raises concerns about iatrogenic transmissions through
instrumentation (surgery and medical diagnostic procedures) and blood and organ
donations. Government agencies in many countries continue to implement new
measures to minimize this risk.
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Figure. Time course of epidemic bovine spongiform encephalopathy in the United Kingdom, 1986-2000, with
dates of major precautionary interventions. The mammalian ban on meat and bone meal in March 1996 extended
a 1994 ban for farmed food animal species to include all mammalian species.
SBO = specified bovine offals (brain, spinal cord, thymus, tonsil, spleen, and intestines from cattle >6 months of age); MBM =
meat and bone meal (protein residue produced by rendering).

cattle. Cattle carcasses and carcass wastes were
then recycled through the rendering plants,
increasing the levels of the now cattle-adapted
pathogen in the protein supplement and eventually
causing a full-scale BSE epidemic (2-5).

Recognition of this source of infection has led
to a series of countermeasures taken by the UK
and other countries to break the cycle of cattle
reinfection, restrict the geographic spread of
disease, and eliminate potential sources of new
infections (Figure, Appendix). Probably the
single most important measure in the UK was the
imposition in 1988 of a ruminant protein feed ban
that by 1992 began to bring the epidemic under
control. However, the loss of nearly 200,000
diseased cattle, followed by preemptive slaughter
and destruction of nearly four and a half million
asymptomatic cattle >30 months of age, has
crippled the British livestock industry and also
affected the tallow, gelatin, and pharmaceutical
industries, all of which make bovine-derived
products.

BSE is not restricted to the UK. Cases have
occurred in many other countries as a result of
imported live animals or livestock food supple-
ments (Table 1). In some countries, including the
UK, the incidence of new cases is decreasing, but
in other countries–France, Portugal, Germany,
Spain, and the Republic of Ireland–the incidence
appears to be increasing, or initial cases have
only recently appeared. The explanation for this
phenomenon is most probably improved case
ascertainment (supported by active surveillance
and immunologic methods), but new infections
from contaminated feed intended for other
species (e.g., pigs and poultry) may also be a
contributing factor. Although in many countries,
BSE has been identified in native-born cattle, no
indigenous index case has been reported outside
the UK (i.e., no case originating de novo or from
cow-to-cow transmission). Whatever the origin of
these cases, recycling of their contaminated
tissues through livestock feed supplements could
have occurred in the same way as in the UK.
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BSE has not occurred in the United States or
other countries that have historically imported
little or no live cattle, beef products, or livestock
nutritional supplements from the UK. Even
though rendering procedures in other countries
underwent changes similar to those in the UK
during the late 1970s, BSE has apparently
emerged solely within the UK. The most
plausible explanation is that the proportion of
sheep in the mix of rendered animal carcasses
and the proportion of scrapie infections in such
sheep were probably higher in the UK than
elsewhere. These proportions were apparently
sufficient to bring very low levels of the etiologic
agent in batches of rendered carcasses over the
threshold of transmission in the UK but not in
other countries (5). An alternative explanation
proposed in the recent Report of the BSE Inquiry
(6) is that a pathogenic mutation occurred in
cattle in the 1970s.

Either of these two hypotheses satisfies the
need for an etiologic “seed” to survive the altered
rendering process and escalate through recycling
of an ever-larger number of infected carcasses.

However, the bovine origin hypothesis assumes
that a mutation occurred only in the UK and not
in other countries where similar rendering
processes would also have led to epidemic BSE if
mutations were occurring. In humans, mutations
have occurred all over the world, not just in the
UK, and there is no reason to suppose that
humans differ in this respect from other
mammalian species. It would therefore be
peculiar if the UK had the misfortune to host the
cattle world’s only mutation.

Variant Creutzfeldt-Jakob Disease (vCJD)

How soon hath Time, the subtle thief of youth,
Stol’n on his wing my three and twentieth year!

John Milton, Sonnet (1632)

Within weeks of identification of the first case
of BSE, concern was expressed about human risk
(7-13), and as the epidemic unfolded, a series of
measures was taken to eradicate BSE and
prevent potentially infected tissues from reach-
ing the human food chain (Appendix). A
surveillance unit to monitor CJD was established
in the UK in May 1990, and 3 years later,
surveillance was extended to several other
European countries, coordinated through the
European Union. By this means it was hoped that
any change in the epidemiology of CJD in the UK
could be detected quickly and that the
significance of the change could be assessed by
comparison with the epidemiology of CJD in
continental Europe.

Concern was heightened by the discovery
that some exotic zoo ungulates, as well as
domestic and captive wild cats, were becoming
infected (14-18). The ungulates and domestic cats
had also been fed diets supplemented by meat
and bone meal, and the wild cats had been fed
uncooked tissues, including cattle heads and
spines. The possibility could therefore not be
ignored that the disease might also cross the
species barrier to humans from the consumption
of beef or dairy products, or perhaps from
occupational contact with cattle by ranchers,
dairymen, or slaughterhouse workers.

What muted concerns about human infection
was the presumption that BSE originated from
scrapie, and scrapie was not a human pathogen.
Nevertheless, even those who considered human
risk to be remote acknowledged that scrapie
might unpredictably show an altered host range

Table 1. Reported cases of bovine spongiform
encephalopathy in the United Kingdom and other
countries (as of December 2000)

Native Imported Total
Country cases cases cases
United Kingdom 180,376a    - 180,376
Republic of Ireland        487 12        499
Portugal        446   6        452
Switzerlandb        363    -        363
Franceb        150   1        151
Belgium          18    -          18
Netherlands            6    -            6
Liechtenstein            2    -            2
Denmark            1   1            2
Luxembourg            1    -            1
Germany            3   6            9
Oman             -   2            2
Italy             -   2            2
Spainc             -   2            2
Canada             -   1            1
Falklands (UK)             -   1            1
Azores (Portugal)d             -   1            1
Data from Organization of International Epizootics (Paris)
and Ministry of Agriculture, Fisheries, and Food (UK).
aIncludes 1,287 cases in offshore British islands
bIncludes cases detected by active surveillance with
immunologic methods
cOrigin and dates of imported cases are under investigation.
dCase imported from Germany.
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after passage through cattle. Experimental
precedents for such behavior were well known:
passage of mouse-adapted strains of scrapie
through hamsters altered their transmissibility
on back passage to rodents (19,20); human
strains of kuru or CJD did not transmit to ferrets
or goats until passaged through primates or cats
(21); and a bovine strain of BSE did not transmit
to hamsters until passaged through mice (22).
Alternatively, if BSE originated from a spontane-
ous mutation in cattle, experimental studies of
species susceptibility to this new strain of
transmissible spongiform encephalopathy (TSE)
had not sufficiently advanced to predict that
humans would not be susceptible. Nevertheless,
during the 10 years after the first case of BSE was
identified, cases of CJD did not increase in groups
at high risk and continued to occur in the general
population with the same spectrum of clinical
and neuropathologic features as before the
appearance of BSE.

Then, from May to October 1995, the CJD
Surveillance Unit was notified of three cases of
CJD in patients 16, 19, and 29 years of age
(23,24). On neuropathologic examination, all
three patients had amyloid plaques, which was
unexpected in view of their occurrence in only
5%-10% of sporadic cases of CJD. The
comparative youth of the patients and this
unusual neuropathologic finding prompted a
search for similar features in patients whose
deaths might have been attributed to other
diagnoses. In particular, cases of subacute
sclerosing panencephalitis (SSPE) were scruti-
nized in view of a report from Poland that cases of
CJD in three young patients had been identified
by SSPE surveillance (25). No such cases were
found in a review of the UK SSPE register.

If CJD in young patients was not being
obscured by misdiagnosis, perhaps it reflected
increased physician awareness through publicity
surrounding BSE and iatrogenic CJD in

recipients of contaminated growth hormone, or
the active CJD surveillance program instituted
in the UK, or the availability of genetic and
proteinase-resistant protein (PrP) immunocy-
tochemistry. Although all these factors may have
contributed to ascertainment bias, most of the
excess cases were in older age groups, in which
CJD was now being diagnosed more often than in
earlier decades.

By December 1995, the Surveillance Unit had
been informed of 10 suspected cases of CJD in
persons <50 years of age. Some were found to
have sporadic or familial CJD or some other
disease; however, two of the patients, ages 29 and
30 years, were later  confirmed neuropathologi-
cally to have CJD and, like the previous three
CJD patients, had extensive plaque deposition.
As of January 1, 1996, the relationship between
these cases and BSE began to excite suspicion but
remained tentative because critical information
judged necessary to establish a probable
connection was still missing (Table 2).

During January, two additional cases of CJD
in young patients were neuropathologically
confirmed, and a distinctive clinical syndrome
associated with plaque formation was beginning
to emerge: young age at onset, early psychiatric
symptoms, prominent ataxia, absence of periodic
electroencephalographic activity, and a compara-
tively prolonged illness. However, each of these
features, alone or in combination, may also be
seen in classic sporadic or familial CJD. Caution
was further justified by a review of the records of
pre-1980 CJD patients in the UK, which
identified three young patients who shared some
of these features, and by the results of an inquiry
about young patients with CJD in other
European countries, which showed an age
distribution similar to that in the UK. A major
concern was that these seven apparently similar
cases might represent a heterogeneous group of
patients with sporadic and familial forms of CJD.

Table 2. Evolving assessment of criteria used to link bovine spongiform encephalopathy and variant Creutzfeldt-
Jakob disease.

Assessment through early 1996
Criteria    Jan 1   Feb 1    Mar 1   Mar 8  Mar 20
Novel clinical phenotype Uncertain Possible Probable Probable Probable
Novel neuropathologic phenotype Uncertain Possible Probable Probable Probable
Distinct from pre-1980 cases in UK Unknown Possible Probable Probable Probable
No association with PRNP mutations Uncertain Uncertain Uncertain Probable Probable
Distinct from cases outside UK Unknown Unknown Unknown Possible Probable
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Full comparative neuropathologic examination
of both pre- and post-1980 cases of CJD in young
persons was needed, along with PRNP gene
sequence analysis of as many cases as possible.

During February 1996, an additional case
was referred to the Surveillance Unit with a
clinical evolution similar to that of the previous
seven patients, and neuropathologic examination
of recent and historical cases confirmed that the
recent cases were indeed distinctive. In particu-
lar, a morphologically unusual form of plaque
was present in all cases: the florid or “daisy”
plaque in which an amyloid core was surrounded
by “petals” of spongiform change. As of March 1,
despite the likelihood that this group of patients
had a “new variant” of CJD, it was still unclear
whether mutations were involved and whether
such a syndrome was also occurring outside the
UK–both points essential to confirming the
association of this variant disease with exposure
to BSE.

On March 4, genetic analysis was completed
for six of the cases, and no pathogenic mutation
was identified. These results effectively ruled out
a genetic cause for the syndrome (although they
did not rule out a genetic predisposition) and left
the only remaining uncertainty–the geographic
distribution of the variant phenotype–to be
resolved by the European CJD surveillance
system. The answer came by March 20: none of
the young CJD patients in other European
countries had the clinical and neuropathologic
features of the UK cases. In the preceding week,
two more variant cases had been
neuropathologically confirmed, and a report on
the entire group of 10 cases concluded that an
unrecognized variant of CJD occurring only in
persons <45 years of age was probably due to
exposure to BSE (26).

This link has now been convincingly
established in laboratory studies showing
identical, distinctive biological and molecular
biological features of the pathologic agent
isolated from BSE-infected cattle and human
cases of vCJD (27-29). The source of contamina-
tion appears to have been beef. However, muscle
has never been reproducibly shown to contain the
infectious agent in any form of spongiform
encephalopathy, whatever the affected species,
and thus, infection most probably resulted from
beef products contaminated by nervous system
tissue. Contamination could have occurred in any
of the following ways: cerebral vascular emboli

from cranial stunning instruments used to
immobilize cattle before killing by exsan-
guination; contact of muscle with brain or spinal
cord tissue by saws or other tools used during
slaughter; inclusion of paraspinal ganglia in cuts
of meat containing vertebral tissue (e.g., T-bone
steaks); and perhaps most importantly, the
presence of residual spinal cord and paraspinal
ganglia tissue in the paste of “mechanically
recovered meat” (a carcass compression extract)
that could legally be added to cooked meat
products such as meat pies, beef sausages, and
various canned meat preparations. Measures
have since been taken to eliminate these sources
of potential contamination and limit the
consequences of any contamination that may
already have occurred (Appendix).

Although the amount of infectious tissue
ingested must be a critical determinant for the
transmission of BSE to humans in the form of
vCJD, the human genotype at polymorphic codon
129 of the PRNP gene appears to play an
important role in susceptibility to infection. The
encoding alternatives, methionine (Met) and
valine (Val), are distributed in the general
Caucasian population in the approximate
proportions of 50% Met/Val, 40% Met/Met, and
10% Val/Val. All 76 vCJD patients tested have
been homozygous for methionine, and the
apparently single infecting strain of BSE may not
be able to replicate in any other human genotype.
However, it is also possible that (as in the
analogous oral infection of kuru and in peripheral
iatrogenic CJD infections) heterozygotes are
comparatively resistant to disease and become ill
after longer incubation periods than those of
homozygotes (30-33).

Predictions about the vCJD Outbreak

Think not but that I know these things; or think
I know them not: not therefore am I short
Of knowing what I ought.

John Milton, Paradise Regained (1671)

The onset of illness in the first case of vCJD
occurred in early 1994, nearly a decade after the
first case of BSE was recognized in cattle.
Assuming that the earliest appearance of vCJD
reflects the earliest exposure to BSE, this
incubation period is consistent with those
following peripheral infections in experimental
animals and in cases of iatrogenic CJD in
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Table 3. Chronology of variant Creutzfeld-Jakob disease
(vCJD) in the United Kingdom and other European
countries, as of December 2000

Year of   United
onset Kingdom France Ireland
1994   8 1
1995 10
1996 11
1997 14
1998 17
1999a 20 (+4) 1 (+1) 1
2000a   1 (+2)
aParentheses indicate still-living persons with probable
vCJD or deceased persons whose diagnoses have not yet been
confirmed by neuropathologic examination. In 2000,
additional cases have been identified that do not yet meet the
minimum clinical criteria for a premortem diagnosis of
“probable” vCJD. Dates are for year of onset of illness, not
year of death.

humans. Through the end of November 2000, the
overall tally was 87 definite or probable cases of
vCJD in the UK, 2 confirmed and 1 probable case
in France, and a single confirmed case in the
Republic of Ireland (Table 3). The Irish patient
had lived for some years in England; however,
none of the French patients had lived in or visited
the UK, so their infection must have come either
from beef or beef products imported from the UK
(approximately 5%-10% of the beef consumed in
France) or from BSE-affected cattle in France.
From a European standpoint, it would be much
more troubling if imported beef were the source,
as most European countries also imported beef or
beef products from the UK, although in smaller
quantities.

Unlike the BSE epidemic, the vCJD outbreak
has shown only a modest increase during its first
6 years, and the number of cases with onsets in
2000 remains well below the previous year’s
total, although additional cases will certainly be
identified in coming months. The difference
between BSE and vCJD may be due to the fact
that, in humans, recycling of infected tissue has
not occurred, and thus the epidemic will evolve
much more slowly than in cattle, or the difference
may indicate a limited outbreak in humans due to
very small infectious doses that, except in
genetically susceptible persons, cannot sur-
mount the combined effects of a species barrier
and comparatively inefficient route of infection.

Much of the lingering uncertainty about the
extent of the vCJD outbreak is attributable to the

fact that the incubation period of vCJD is
unknown. If the average incubation period is 10
to 15 years, the earliest patients with vCJD
would have been infected in the early 1980s,
when BSE was still silently incubating in small
but increasing numbers of cattle. In this case, the
large increase in human exposure to contami-
nated tissues during the late 1980s could lead to
a parallel increase in cases of vCJD during the
next few years. If, however, the average
incubation period of vCJD is 5 to 10 years, the
earliest human infections would have begun in
the mid- to late 1980s, when exposure to BSE was
maximal. In this case, the outbreak of vCJD
should remain small because of measures to
eliminate both animal and human exposure to
BSE instituted from 1987 to 1997. Depending on
assumptions about the incubation period and
other variables, mathematical modeling predicts
that the total extent of the outbreak could range
from fewer than one hundred to hundreds of
thousands of cases (34-37).

If large numbers of infected persons are
silently incubating the disease, the potential for
human-to-human iatrogenic spread of vCJD is
very real. Such apparently healthy persons
would be subject to the same kinds of medical and
surgical procedures experienced by the general
population, including endoscopies, vascular
catheterizations, operations for trauma or
illness, and blood and organ donations. If, as
suspected, the amount and distribution of the
infectious agent in tissues of persons with vCJD
is greater than in other forms of CJD, the
exposure of medical and surgical instruments to
possibly infectious internal tissues and the
transfer of tissues as grafts and transplants
become a matter of much greater concern than
the nearly negligible risk currently posed by
cases of sporadic CJD.

Recent and Future Policy Decisions

A little onward lend thy guiding hand
To these dark steps, a little further on…

John Milton, Samson Agonistes (1671)

Several governments have implemented
policies to minimize the risk for human-to-
human disease transmission through blood
donations from apparently healthy persons who
may be in the incubation phase of vCJD. In the



12Emerging Infectious Diseases Vol. 7, No. 1, January–February 2001

Perspectives

UK, where whole blood or blood products from
some persons who later died of vCJD have been
administered to others, all plasma is imported
and all blood from UK donors is filtered to
eliminate leukocytes, which are the most likely
carriers of infectivity in blood (38-40). In the
United States, a blood donor policy excludes
donations from anyone who has lived in or visited
the UK for a cumulative period of 6 months or
more during 1980 to 1996. The 6-month period
was based on the fact that >80% of total US
person-years in the UK would be excluded and
that the 2%-3% deficit of blood donors resulting
from the deferral could be absorbed by the blood
banking industry without undue shortages.
Several countries (Canada, Australia, New
Zealand, Switzerland, Japan, and Germany)
have since applied these criteria and formulated
similar policies.

Because of the possibility of widespread
infection in the UK, concern extends beyond
blood and organ donors to the safe use of medical
and surgical instruments, particularly those
used in neurosurgery and ophthalmic surgery. In
the absence of a screening test, a zero-risk policy
is untenable because it would require termina-
tion of the national organ donor program. A
compromise might be the temporary deferral of
organ donors–or perhaps only corneal donors–
younger than 30 or 40 years of age. However, this
measure might so diminish (and panic) the donor
population as to be inadvisable. Similar
considerations apply to invasive medical and
surgical procedures: sound medical practice
cannot be suspended on the basis of a theoretical
risk for vCJD, and it would be unethical to deny
needed procedures to persons suspected of
having CJD. Under the circumstances, dispos-
able instruments should be used whenever
possible, and a standard sterilization protocol for
reusable instruments should be implemented
that includes the most stringent possible
disinfectants (e.g., the combined use of 1 N
sodium hydroxide and autoclaving at 134°C, as
recommended in the recent World Health
Organization guidelines on infection control for
CJD [41]). No effective sterilization procedure yet
exists for instruments or instrument parts too
delicate to withstand these harsh measures.
Each such instrument must be disinfected to the
maximum extent possible, for example by
washing repeatedly with detergent/proteinase

solutions and exposing the washed instruments
to less harsh chemicals (e.g., 6 M urea or 4 M
guanidinium thiocyanate) that have shown
moderate to good disinfection of TSE tissue
extracts (42-44).

An equally important issue is whether the
bovine-adapted scrapie agent has recrossed the
species barrier to sheep, carrying its newly
acquired ability to infect humans. The only
reliable method to distinguish strains of TSE is a
time-consuming comparison of incubation peri-
ods and topographic features of brain lesions
after injection into different strains of inbred
mice (28). Glycotyping of PrP strains extracted
from diseased brain tissue is much faster but has
not been convincingly shown to discriminate
reliably between BSE and scrapie. Moreover,
neither method has been used to test a sheep-
adapted strain of BSE (that is, after multiple
passages through sheep), which might have lost
the distinguishing characteristics found on
primary passage from cow to sheep.

If BSE did back-cross to sheep fed the same
contaminated meat and bone meal that infected
cattle, the consequences for humans will remain
limited to the same period of risk as BSE–roughly
1980 through 1996–unless sheep BSE, like sheep
scrapie, can be horizontally or maternally
transmitted. Without a test to discriminate
between the two diseases, there would be no
defense against the development of endemic BSE
in sheep and the consequent risk for human
infection from sheep as well as cows. Therefore,
global elimination of animal TSEs must seriously
be considered.

Such a goal is more practical than it was even
a few years ago. National programs to eliminate
scrapie have historically relied on selective
slaughter of blood lines or in some cases entire
flocks in which scrapie was identified, and all
such attempts have failed. Molecular genetic
tools are now available to guide scrapie-
resistance breeding programs that until recently
depended on field observation and classical
genetics, and immunologic tools can detect
preclinical scrapie infection in tonsils, third
eyelids, and possibly blood (45-48). The environ-
mental durability of TSE pathogens will make
their eradication difficult (49,50); however, the
global elimination of TSE in sheep and other
animals is a goal worth the expense, effort, and
patience that will be needed for its achievement.
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Appendix

Table A. Measures taken to prevent the spread of bovine spongiform encephalopathy to animals

   Great European  United
Precautions   Britaina   Uniona   States
BSE made a notifiable disease June 1988 Apr 1990 Nov 1987
BSE surveillance, with histologic examination of brains June 1988 May 1990 May 1990
Ban on ruminant protein in ruminant feed July 1988
Ban on export of UK cattle born before July 1988 feed ban July 1989
Ban on import of live ruminants and most ruminant July/Nov 1989
  products from all BSE countries
Ban on export of UK cattle >6 months of age Mar 1990
Ban on SBO for use in animal nutrition; ban on export of SBO and Sept 1990
  feed containing SBO to EU countries
High-risk waste to be rendered at 133°C/3 bar/20 min (or other Nov 1990
   approved procedure)
Ban on export of SBO and feed containing SBO to non-EU countries July 1991
Ban on MBM from SBO in fertilizer Nov 1991
After Jan 1, 1995, rendering methods must sterilize BSE June 1994
Ban on mammalian MBM in ruminant feed July 1994
BSE surveillance includes immunohistologic features of brains Oct 1993
Ban on mammalian protein in ruminant feedb Nov 1994 Aug 1997
Ban on import of live ruminants and most ruminant products Dec 1997
  (including meat products) from all countries of Europe
Immunologic testing for ruminant protein in animal feed July 1995
Mammalian MBM prohibited from all animal feed/fertilizer Mar/Apr 1996
Slaughtered cattle >30 months old (except certain beef cattle Mar 1996
  >42 months old) ruled unfit for animal use
  (hides for leather excluded)
Mammalian MBM and MBM-containing feed recalled June 1996
All mammalian waste to be rendered at 133°C/3 bar/20 min July 1996
  (or other approved procedure)
Cattle tracing system improved Sept 1998
Quarantine of 3 sheep flocks imported from Europe with possible Oct 1998
  exposure to BSE (4 animals die with atypical TSE)
BSE surveillance of fallen stock (downer cows) is intensified Oct 1998
Proposal to eradicate scrapie is rejuvenated Nov 1999
Allow export of deboned beef from cattle >30 months old born Aug 1999
  after July 1996
Prohibit use of animal protein, including MBM and blood meal Dec 2000
  (but excluding milk, or fish meal for nonruminants) in feed for any
  farmed animal species (effective January 1, 2001)
Prohibit importation of rendered protein and rendering wastes Dec 2000
  originating or processed in Europe
aIn Northern Ireland and Scotland, dates of implementation sometimes differed from those shown for England and Wales; in
addition, individual European Union countries often adopted different measures on different dates.
bSome exemptions, e.g., milk, blood, and gelatin.
BSE: bovine spongiform encephalopathy; EU = European Union; MBM = meat and bone meal (protein residue produced by
rendering); SBO = specified bovine offals (brain, spinal cord, thymus, tonsil, spleen, and intestines from cattle >6 months of
age); TSE = transmissible spongiform encephalopathy.
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Table B. Measures taken to prevent the spread of bovine spongiform encephalopathy to  humans
Great European United

Precautions Britaina Uniona States
Compulsory slaughter of BSE-affected cattle Aug 1988
Destroy milk from affected cattle (except for milk fed to cows’ own calves) Dec 1988
Ban on import of UK cattle born after July 1988 feed ban July 1989
Ban on SBO for domestic consumption Nov 1989
Ban on export to EU of SBO and certain other tissues, including Apr 1990 Apr 1990
  lymph nodes, pituitaries, and serum
Ban on export of live UK cattle (except calves <6 months old) June 1990 June 1990
Ban on use of head meat after skull opened Mar 1992
FDA recommends use of BSE/scrapie-free sources for materials used in Nov 1992
  dietary supplements; request for safety plans
Cell lines used for biologicals should be BSE agent-free May 1993
FDA requests that bovine source materials (except gelatin) used in Dec 1993
  manufacture of regulated products be restricted to BSE-free countries
Bone-in beef only from farms with no BSE for 6 years; if not BSE-free, July 1994
  must be deboned with visible nervous and lymphatic tissue removed
FDA requests that bovine-derived materials for animal use or for cosmetics Aug 1994
  and dietary supplements not be sourced from BSE countries
Thymus and intestines from calves <6 months old made SBO Nov 1994
Import of beef only from UK cattle 1) >30 months, or 2) from herds July 1995
  BSE-free for 6 years, or 3) if not BSE-free, deboned with visible
  nervous tissue and specified lymph nodes removed
SBO ban broadened to include whole skull (SBM) Aug 1995
MRM from bovine vertebral column banned and export prohibited Dec 1995
Removal of lymph nodes and visible nervous tissue from bovine meat Jan 1996
   >30 months exported to EU
Ban on export of all UK cattle and cattle products except milk Mar 1996
SBM ban broadened to include entire head (excluding uncontaminated tongue) Mar 1996
Slaughtered cattle >30 months (or certain beef cattle >42 months) ruled Mar 1996
  unfit for animal or human use (hides excepted)
FDA urges manufacturers of FDA-regulated human products to take May 1996
  steps to assure freedom from BSE agent
Partial lifting of export ban on tallow and gelatin June 1996
SBM ban broadened to include certain sheep and goat heads, spleens, Sept 1996
  and spinal cords (SRM)
FDA recommends withdrawal of plasma and plasma products made from Dec 1996
  pools to which persons who later died of CJD had contributed
CNS tissues excluded from cosmetic products for use in EU Jan 1997
BSE cohort cattle in UK ordered slaughtered and destroyed Jan 1997
Proposed ban on SRM in cosmetics for use in EU (effective October 2000) July 1997
SBM controls for cosmetics and medicinal products Mar 1997
FDA request to manufacturers that no bovine gelatin from BSE countries be Sept/Dec 1997
  used in injectable, implantable, or ophthalmic products; and that special
  precautions be applied to gelatin for oral and topical use
Ban on marketing cosmetic products containing SRM prepared before April 1, 1998 Mar 1998
Allow export of beef and beef products from cattle >30 months in Mar 1998
  certified BSE-free herds from Northern Ireland
Importation of all plasma and plasma products for use in UK Aug 1998
FDA limits plasma product withdrawals to pools at risk for Sept 1998
  contamination by vCJD donors
Slaughter and destruction of offspring born to BSE-affected cattle after July 1996 Jan 1999
FDA guidance to defer blood donors with >6 months cumulative Nov 1999
  residence in UK during 1980-1996
Leukodepletion of whole blood donations from UK residents Jul/Nov 1999
Public FDA discussion about possible risk associated with vaccines July 2000
  produced with bovine-derived materials from BSE countries
Withdrawal and destruction of a potentially tainted 1989 lot of polio Oct 2000
  vaccine from one manufacturer
SRM ban implemented (effective October 2000) July 2000
Ban on slaughter techniques that could contaminate cattle carcasses with July 2000
  brain emboli (e.g., pithing or pneumatic stun guns), effective Jan 2001
All cattle >30 months old must have brain examinations for proteinase-resis- Dec 2000
  tant protein (PrP) before entering the food chain (effective Jan-Jun 2001)
aIn Northern Ireland and Scotland, dates of implementation sometimes differed from those shown for England and Wales; in
addition, individual EU countries often adopted different measures on different dates.
CNS = central nervous system; EU = European Union; MRM = mechanically recovered meat; SBM = specified bovine materials
(SBO plus entire head, including eyes but excluding tongue); SBO = Specified bovine offals (brain, spinal cord, thymus, tonsils,
spleen, and intestines from cattle >6 months old); SRM = specified risk materials (SBM plus sheep and goat heads and spleens
from animals of any age, and spinal cords from animals >1 year old).
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Vector-borne diseases (including a number
that are mosquito-borne) are a major public
health problem internationally. In the United
States, dengue and malaria are frequently
brought back from tropical and subtropical
countries by travelers or migrant laborers, and
autochthonous transmission of malaria and
dengue occasionally occurs. In 1998, 90 con-
firmed cases of dengue and 1,611 cases of malaria
were reported in the USA (1) and dengue
transmission has occurred in Texas (2). Other
vector-borne diseases continue to pose a public
health threat. Even though the reported
incidence of most of these diseases is low (in 1997,
10 cases of eastern equine encephalitis, 115 of
LaCrosse, and 14 of St. Louis encephalitis [SLE]),
occasional epidemics, e.g., of SLE (1,967 cases in
1975 and 247 cases in 1990, mostly in Florida [3])
have resulted in aerial applications of insecti-
cides, primarily malathion. In addition, new
vector-borne threats continue to emerge. In 1999,
West Nile virus, an Old World flavivirus related
to Saint Louis encephalitis virus, was first
recorded in New York (4). The virus, which is
transmitted by anthropophilic mosquitoes, caused
a serious outbreak (62 cases, 7 deaths) and
signaled the potential for similar outbreaks in
the Western Hemisphere. Pesticides, which
traditionally have been used in response to

epidemics, have a role in public health as part of
sustainable integrated mosquito management
for the prevention of vector-borne diseases. We
assess the future use of pesticides in view of
existing niche markets, incentives for new
product development, Environment Protection
Agency (EPA) registration, the Food Quality
Protection Act (FQPA), and improved pest
management strategies for mosquito control.

Sustainable Integrated Mosquito
Management and Public Health

Mosquito control in the United States has
evolved from  reliance on insecticide application
for control of adult mosquitoes (adulticide) to
integrated pest management programs that
include surveillance, source reduction, larvicide,
and biological control, as well as public relations
and education. The major principles of integrated
mosquito management are available at a new
Public Health Pest Control Manual internet
website (5). Adulticides still play a vital role when
flooding causes extreme numbers of nuisance
mosquitoes or when outbreaks of diseases such
as SLE occur.

Surveillance programs track diseases har-
bored by wild birds and sentinel chicken flocks;
vector-borne pathogens in mosquitoes; adult and
larval mosquitoes and larval habitats (by aerial
photographs, topographic maps); mosquito traps;
biting counts; and follow-up on complaints and
reports by the public. When established mosquito
larval and adult threshold populations are

Pesticides and Public Health:
Integrated Methods of
Mosquito Management

Robert I. Rose
U.S. Environmental Protection Agency, Washington, DC, USA
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exceeded, control activities are initiated. Sea-
sonal records are kept in concurrence with
weather data to predict seasonal mosquito larval
occurrence and adult flights.

Source reduction consists of elimination of
larval habitats or rendering of such habitats
unsuitable for larval development. Public
education is an important component of source
reduction. Many county or state mosquito control
agencies have public school education programs
that teach children what they and their families
can do to prevent mosquito proliferation. Other
forms of source reduction include open marsh
water management, in which mosquito-produc-
ing areas on the marsh are connected by shallow
ditches to deep water habitats to allow drainage
or fish access; and rotational impoundment
management, in which the marsh is minimally
flooded during summer but is flap-gated to
reintegrate impoundments to the estuary for the
rest of the year.

Biological control includes use of many
predators (dragonfly nymphs and other indige-
nous aquatic invertebrate predators such as
Toxorhynchites spp. predacious mosquitoes) that
eat larvae and pupae; however, the most commonly
used biological control adjuncts are mosquito fish,
Gambusia affinis and G. holbrooki. Naturally
occurring Fundulus spp. and possibly Rivulus spp.,
killifish, also play an important role in mosquito
control in open marsh water management and
rotational impoundment management. Like
many fish, mosquito fish are indiscriminate
feeders that may eat tadpoles, zooplankton,
aquatic insects, and other fish eggs and fry (6).
However, since they are easily reared, they have
become the most common supplemental biologi-
cal control agent used in mosquito control. The
entomopathogenic fungus, Laginidium gigan-
teum, has been registered for mosquito control by
EPA under the trade name Liginex, but products
have not become readily available. The pathogen-
ic protozoon, Nosema algerae, has also not
become available for technical reasons. Ento-
moparasitic nematodes such as Romanomermis
culicivorax and R. iyengari are effective and do
not require EPA registration but are not easily
produced and have storage viability limitations. A
predacious copepod, Mesocyclops longisetus, preys
on mosquito larvae and is a candidate for local
rearing with Paramecium spp. for food.

Mosquito traps (such as the New Jersey and
the Centers for Disease Control and Prevention

designs) have been used for monitoring mosquito
populations for years. New designs using
mechanical control to capture adult mosquitoes
have now become available. These designs use
compressed carbon dioxide, burning propane,
and octenol to attract mosquitoes and fans to
control air flow. The new technology is expensive:
these traps may cost well over $1,000 each.
Electric high-voltage insect traps (“bug zappers”)
with “black” or ultraviolet light sources do not
provide satisfactory adult mosquito control and
kill insects indiscriminately.

Pesticides
Pesticides used by state or local agencies to

control nuisance or public health pests have
warning labels and directions to minimize risks
to human health and the environment. These
pesticides are applied by public health employees
who are specifically trained to follow proper
safety precautions and directions for use. State or
local mosquito control programs are funded by
taxes and subject to public scrutiny. The
environmental hazards precautionary state-
ments on many mosquito insecticide labels state
that insecticides are toxic to birds, fish, wildlife,
aquatic invertebrates, and honeybees. Because of
the low rates of application used to control
mosquitoes and the special public health pest
control training of most applicators, hazard to
nontargeted organisms is limited. However,
honeybees may be killed if exposed when
foraging, so proper precautions are warranted.
Human exposure in residential areas is also
uncommon because of the very low application
rates, ultra low-volume methods (ULV), treat-
ment at night when people are indoors, pesticide
applicator training, and public prenotification
before application. Pesticide applicators who
mix, load, and apply the concentrated insecti-
cides use personal protective equipment to avoid
exposure and closed systems to pump insecti-
cides from storage to spray equipment.

The Federal Food Drug and Cosmetic Act
(FFDCA) 21 USC 9§406 is the regulation that
limits the quantity of any poisonous or
deleterious substance added to food. A pesticide
residue is the pesticide or its metabolites in or on
raw agricultural commodities or processed food
and feed. A tolerance is the maximum limit of a
pesticide residue considered safe. Tolerances are
relevant to adult mosquito control because wind
drift may carry the pesticide over agricultural
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Table. Pesticides used for mosquito control in the United States
Name Trade name Formulation Application Advantage Limitation
Temephos Abate G, EC Larvae Usually lowest Nontarget

  cost   effects, some
  resistance

Methoprene Altosid G, B, P, LC Larvae Residual Cannot be
  briquets, non-   certain of per-
  target safety   formance until

  too late to
  retreat

Oils BVA, Oil Larvae, pupae Acts on pupae Oil film, subsur-
  Golden Bear   face larvae

Monomolecular film Agnique Liquid Larvae, pupae Acts on pupae Subsurface larvae
Bacillus thuringiensis Aquabac, WDG, AS, Larvae Nontarget Short window of
  israelensis (Bti) Bactimos, P,G,B   safety,   treatment

LarvX,   Briquets con-   opportunity.
Teknar,    trol 30+ days   pupae
Dunks

Bacillus sphaericus VectoLex G, WDG Larvae Nontarget Pupae, only
  (Bs)   safety   works in fresh

  water

Malathion Fyfanon, ULV, Adults Tolerances OP, some
Atrapa, thermal fog   resistance
Prentox

Naled Dibrom, ULV, EC, Adults Tolerances OP, corrosive
Trumpet thermal fog

Fenthion Batex ULV Adults None specified OP, Florida
  only, RUP,
  tolerances

Permethrin Permanone, ULV, Adults, Low vertebrate None specified
AquaResilin, thermal fog,   clothing treat-   toxicity
Biomist, clothing   ment for ticks
Mosquito-   treatment   and mosquitoes
  Beater

Resmethrin Scourge ULV, Adults Low vertebrate RUP, no
thermal fog   toxicity   tolerance for

  residue on crops
Sumithrin Anvil ULV, Adults Low vertebrate No tolerance

thermal fog   toxicity

Pyrethrins Pyrenone, ULV, EC Adults, larvae Natural May be costly
Pyronyl   pyrethrum,

  tolerances
AS = Aqueous Suspension; B = Briquets; EC = Emulsifiable Concentrate; G = Granules; LC = Liquid Concentrate; P = Pellets;
ULV = Ultra Low Volume; WDG = Water-Dispersible Granule; OP = Organophospate insecticide; RUP = Restricted Use
Product

crops where residues subject to legal tolerance
requirements may occur. Crop tolerances are
listed in the Code of Federal Regulations (7).

 Larvicides
Detection of large numbers of immature

mosquitoes in areas where source reduction or
biological control is not feasible may require
larvicide treatment to prevent the emergence of

adult mosquitoes. Use of larvicides is less
controversial than use of adulticides, although
use of larvicides may lead to public concern about
their effects on untargeted beneficial aquatic
arthropods and vertebrates (Table).

Adulticides
Effective sustainable integrated mosquito

management programs strive to prevent large
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flights or swarms of mosquitoes through all the
measures described above, but heavy precipita-
tion, flooding, high tides, environmental con-
straints, inaccessible larval habitats, missed
breeding sites, human disease outbreaks, as well
as budget shortfalls, absent employees, or
equipment failures, may necessitate use of
adulticides (Table). Some local mosquito control
programs would use an integrated program if
they had adequate resources, but may be so
limited in funding and personnel that adulticiding
trucks are the only means of mosquito
intervention.

Effective adult mosquito control with insecti-
cides requires small droplets that drift through
areas where mosquitoes are flying. The droplets
that impinge on mosquitoes provide the contact
activity necessary to kill them. Large droplets
that settle on the ground or vegetation without
contacting mosquitoes waste material and may
cause undesirable effects on nontargeted organ-
isms. To achieve small droplets, special aerial
and ground application ULV equipment is used.
Insecticides are applied in a concentrated form or
technical grade and at very low volumes such as 1
oz (29.6 mL) per acre. Typically, aerial
applications produce spray droplets of 30 to
50 microns measured as mass median diameter,
with <2.5% of the droplets exceeding 100
microns. Ground ULV applicators produce
droplets of 8 to 30 microns, with none >50
microns  mass median diameter. Large droplets
of malathion, naled, and fenthion in excess of 50
to 100 microns can damage automotive or similar
paint finishes.

Adulticide applications, particularly aerial
applications and thermal fogging, are quite
visible and contribute to public apprehension.
Ground ULV application may be less alarming
than aerial application but is not effective over
large or inaccessible areas. Preferable air
currents for ground applications are 3.2 kph to
12.9 kph and not in excess of 16.1 kph. Excessive
wind and updrafts reduce control, but light wind
is necessary for drifting spray droplets. With
insecticide application by air using high-pressure
pumps of 2,500 lbs psi, special nozzles, proper
aerial application altitude and wind drift,
mosquito control is achievable for several miles
downwind with minimal spray deposit below the
aircraft, as a result of improved atomization of
the insecticide. This technology is being
developed and needs validation under different

conditions with different mosquito species before
it can be universally used. Thermal fogging,
which was commonly used before ULV applica-
tions became prevalent, continues to be used in a
few areas in the United States and is still widely
used in other countries. The insecticide is diluted
with petroleum oil and vaporized with heat into a
dense, highly visible fog of very small uniform
droplets, which allows tracking the plume
downwind to target areas. Although this fog
reduces visibility, it may also penetrate
vegetation better than a ULV application. Small
electric or propane thermal foggers are available
for consumer use in retail stores at a cost of
approximately $60.00.

Adult mosquitoes are easily controlled with
insecticides applied at extremely low rates. For
example, malathion is applied at 3 fl oz per acre
(219.8 mL/ha) for mosquitoes, while the rate for
agriculture is as much as 16 fl oz per acre (1,172
mL/ha).

 Insecticide Resistance
Vector resistance to certain larvicides and

adulticides has occurred periodically. Failure of
mosquito control indicating resistance must be
verified by laboratory analysis or use of test kits
because other factors (improper equipment
calibration, dilution, timing and other applica-
tion errors, off-specification products, climatic
factors) can prevent insecticides from providing
satisfactory control in the field. Resistance may
occur between insecticides within a class or could
be passed from immature to adult stages subject
to the same insecticidal mode of action.
Additionally, different species of mosquitoes may
inherently vary in susceptibility to different
larvicides and adulticides. Insecticides with
different modes of action can be alternated to
prevent resistance. Even though source reduc-
tion and use of predators such as larvivorous fish
are also used for sustainable integrated mosquito
management, only two chemical classes of
adulticides (organophosphates and pyrethroids)
with different modes of action are available.
Biological controls (including birds and bats) may
be present, but often not in sufficient numbers to
provide satisfactory alternative control, particu-
larly in coastal areas where salt-marsh mosqui-
toes are abundant or when human disease
outbreaks occur. Therefore, sustained integrated
mosquito management requires alternative use
of different classes of insecticides, in conjunction
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with resistance monitoring, source reduction,
biological control, and public education.

 Repellents
Insect repellents, primarily N,N-diethyl-

metatoluamide (DEET), are used to prevent
nuisance bites from mosquitoes (as well as ticks,
biting flies, and mites) and may aid in lowering
disease transmission from these pests. However,
they should not be relied upon to prevent disease
transmission, particularly where Lyme disease
or encephalitis are endemic or malaria, yellow
fever, or other vector-borne diseases are
prevalent. Repellents, mosquito coils, and
permethrin clothing treatment products are
subject to EPA pesticide registration perfor-
mance requirements (8). Information on safe use
of repellents is located at the EPA Office of
Pesticide Programs website (9). Citronella and its
oil for mosquitoes and 30 other active ingredients
are exempted from EPA pesticide registration
(10). However, some of these products may not be
efficacious.

Future of Public Health Pesticides
The past decade has seen a sharp rise in

public apprehension concerning the use of
pesticides, although state and federal regula-
tions are well established for the assessment and
mitigation of their human and environmental
risks. Response to public concern over safety of
pesticides prompted the FQPA, which includes
provisions to protect availability of public health
pesticides. However, public health pesticides are
in jeopardy for the following reasons: In the
United States, mosquito control programs are
often for nuisance rather than disease vector
control and not many insecticides are registered
for this use. None of the mosquito adulticides
commonly used were developed recently; their
registrations are up to 44 years old. Mosquito
control is only a niche market compared with
agricultural pest control, which includes pesti-
cides for use on corn, soybeans, and cotton, as
well as the high-profit home, garden, and
structural pest control markets. As pesticide
companies have merged to form multinational
conglomerates, the most profitable markets are
those that drive corporate decisions. At present,
it may require $50 million or more to develop and
register a new pesticide with EPA. Furthermore,
several years of the patent life elapse before costs
are recouped and profits accrue.

Vector control uses of existing pesticides,
particularly adulticides, often follow agricultural
registration and commercialization as a means of
expanding sales into new markets. Performance
data are not usually required for registration of
agricultural pesticides, but these data are
required for registration of public health
pesticides. For mosquito control, these data are
often obtained under an experimental use
permit, which requires application to EPA,
submission or reference to a portion of the
pesticide registration requirements according to
CFR 40 § 158 Data Requirements for Registra-
tion and Reporting (7,8). Testing for mosquito
adulticides or larvicides is typically done by
universities and mosquito control or abatement
districts, although it may be done by companies
or state or federal research organizations, such as
the Department of Defense or the U.S.
Department of Agriculture. In addition to
defining dose rates, formulations, environmental
variables, and effects that must be accommo-
dated, testing under an experimental use permit
provides a means of market introduction through
user and customer experience, presentations at
professional society meetings, and journal
publications.

Pesticide marketing often involves distribu-
tors or dealers who specialize in the market if the
manufacturers do not deal directly. Profit
margins that add to price are required by
distribution chains. Public agencies solicit
competitive bids for pesticides, which squeeze
margins further, thus affecting marketing
incentives. Mosquito adulticides are used at very
low rates of active ingredient per acre, which
limits sales volumes and margins. Some seasons
have few mosquitoes, so sales are low. Product
liability also plays an important role in reducing
incentives because of possible personal and class-
action lawsuits or court injunctions against
pesticides applied over populated areas.

The Federal Insecticide, Fungicide,
and Rodenticide Act and FQPA

The Federal Insecticide, Fungicide, and
Rodenticide Act 7 USC 136 and FFDCA were
amended by the FQPA of 1996. Amendments
pertinent to mosquito nuisance and vector
control include the following: review of a
pesticide’s registration every 15 years; expedit-
ing minor use registrations; special provisions for
public health pesticides; aggregate (all modes of
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exposure from a single pesticide) and cumulative
(all pesticides with the same mode of action) risk
assessments; an additional safety factor of up to
10 X for children; collection of pesticide use
information; and integrated pest management.
Special provisions for public health pesticides
include the following: risks and benefits
considered separately from those of other
pesticides; exemption from fees under certain
circumstances; development and implementa-
tion of programs to control public health pests;
Department of Health and Human Services
(DHHS)-supported studies required for
reregistration when needed; and appropriations
of $12 million for the first year after enactment
and similar funding as needed in succeeding
years to carry out public health pesticide
provisions of the Act. The Act describes a
consultation process between EPA and DHHS
before any public health pesticide registration is
suspended or canceled and allows additional time
for submission of data. The first group of
pesticides under review are the organophosphate
cholinesterase inhibitors, including temephos,
fenthion, naled, chlorpyrifos, and malathion.
Should risk assessments result in detection of
risk of concern to the Agency, cancellation or
mitigations of use may follow, as exemplified by
recent chlorpyrifos and diazinon use cancella-
tions. Risk assessments may be based on data
from acute and chronic toxicology and exposure
studies, models that simulate exposure sce-
narios, reports of adverse incidents to humans
and wildlife, extrapolation, maximum label use
rate assumption, and worst-case exposure
scenarios.

Even though the FQPA provisions were
intended by Congress to ensure that existing
public health pesticide uses are not lost without
economically effective alternatives, the provi-
sions may not be adequate. If FQPA results in
cancellation of major agricultural uses of a
pesticide that is also used in public health, it may
become no longer profitable for the manufacturer
to produce small quantities for mosquito control,
thus ending production of the pesticide. Since
adulticides used for mosquito control were
registered decades ago, the data supporting their
registrations may be insufficient to meet current
requirements. The substantial cost involved in
updating the data required for reregistration will
have to be paid by pesticide registrants or the
Federal government though the authorized and

appropriated funding in FQPA. Data to support
reregistration done at public expense are not
proprietary. Registrants need proprietary data to
protect their market shares from generic
pesticide competition from overseas manufactur-
ers that can use public data to support their own
registrations; therefore, they may not consider
requesting public funds to pay for new data to
support existing registrations. However, if
generic safety studies applicable to several public
health pesticides are required by EPA for all
reregistrations, the data could be generated by a
task force of registrants and county, state, and
Federal public health agencies, which would then
request public funding under the provisions of
the Act.

Although the development of new mosquito
insecticides, particularly adulticides, is not
expected to accelerate in the near future,
integrated pest management tools and tech-
niques should improve as a result of FQPA
funding and the need to control continued vector-
borne disease outbreaks. Integrated pest man-
agement tools have strengths and weaknesses,
and continued availability of adulticides is
critical. Therefore, implementation of the public
health pesticide provisions of FQPA must include
substantial comparative risk-benefit analyses of
the significance of vector-borne disease impacts
versus potential human and environmental toxic
effects of pesticides used to control public health
pests, both in the USA and other countries
affected by EPA pesticide regulatory decisions.
Public information and legislative campaigns
have also become necessary to preserve the
availability and use of pesticides for disease
vector control as FQPA has been implemented
and with the concurrent spread of West Nile
virus.

Dr. Rose is an arthropod biotechnologist with the
Animal and Plant Health Inspection Service of the U.S.
Department of Agriculture.
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Campylobacter jejuni subsp. jejuni (C. jejuni)
and C. coli have been recognized since the late
1970s as important agents of gastrointestinal
infections throughout the world; in the United
States, these infections affect approximately 1%
of the population each year (1). Contaminated
food is the usual source of human infections;
therefore, the presence of fluoroquinolone- and
macrolide-resistant strains in the food chain has
raised concerns that the treatment of human
infections will be compromised. Most cases of
Campylobacter enteritis do not require antimi-
crobial treatment, being brief, clinically mild, and
self-limiting (2-4). However, a substantial propor-
tion of these infections require treatment. These
include severe and prolonged cases of enteritis,
septicemia, and other extraintestinal infections.
Erythromycin has been the most commonly used
agent for treating Campylobacter enteritis (2,5).

In the 1980s, the introduction of fluoroquino-
lones, which are effective against most major

pathogens causing bacterial enteritis, offered a
new approach to antibiotic intervention (6).
Fluoroquinolones initially had good in vitro
activity for thermophilic Campylobacter species,
as well as for members of the family of
Enterobacteriaceae.

Early clinical trials of both community-
acquired acute diarrhea and traveler’s diarrhea
caused by Campylobacter demonstrated that
patients treated with a fluoroquinolone had  good
clinical response (6,7). It soon became apparent,
however, that resistance in Campylobacter spp.
could arise in vivo, sometimes after only one or
two administrations of fluoroquinolones (8).
Moreover, Endtz and colleagues (9) reported as
early as 1991 that the emergence of quinolone-
resistant C. jejuni and C. coli isolated from
humans in the Netherlands coincided with the
introduction of fluoroquinolones in veterinary
medicine.

Fluoroquinolone resistance in Campylo-
bacter from food animals is now recognized as an
emerging public health problem. Smith et al.
from Minnesota (10) found that patients infected
with resistant C. jejuni had longer duration of
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       Resistance Mutation

       Macrolide Domain V of 23S rRNA
A2058 → → → → → G
A2059 → → → → → G

       Fluoroquinolone gyra → → → → → Thr - 86
(higher MIC)
Thr - 90
Ala - 70
(lower MIC)

gyra → → → → → Thr - 86
   +
parc→ → → → → Arg - 139

(highest MIC)

Figure 1. Macrolide and fluoroquinolone resistance
mechanisms reported in Campylobacter species. For
macrolide resistance, mutations are at either position
shown (Escherichia coli coordinates) in up to all three
copies of ribosomal RNA (14,15, and CA Trieber & DE
Taylor, unpub. data). Fluoroquinolone resistance
depends on a mutation in the quinolone resistance
determining region of DNA gyrase A (GyrA). For
typical MICs see text and references 16-18. The
strains with highest resistance levels had mutations
in both GyrA and topoisomerase IV ParC.

>

>

>

diarrhea than patients with fluoroquinolone-
sensitive isolates. As Campylobacter infections
can be serious in immunocompromised patients,
the identified treatment failure raises the
concern that fluoroquinolone-resistant strains
may increase Campylobacter-associated deaths
in this group of patients.

Mechanism of Macrolide Resistance
in Campylobacter

Erythromycin binds to the ribosome but,
unlike larger macrolides, appears to cause
dissociation of the peptidyl-tRNA, rather than
blocking the peptidyltransferase activity (11).

In C. jejuni and C. coli, erythromycin
resistance is chromosomally mediated and is due
to alteration of the ribosome (12); the resistance
mechanism is not consistent with presence of an
rRNA methylase, modification of the antibiotic,
or efflux (13). Whole ribosomes or 50S subunits
were purified from erythromycin-resistant strains
and shown to bind much less erythromycin than
ribosomes from sensitive strains. In a closely
related bacterium, Helicobacter pylori, resis-
tance to clarithromycin is due to an alteration of
one of two adenine residues in the 23S rRNA at
the erythromycin-binding site (14). Sequencing
of the 23S rRNA genes from erythromycin-
resistant Campylobacter spp. identified muta-
tions at these same sites, which are most probably
responsible for resistance (Figure 1) (15).

Mechanism of Fluoroquinolone
Resistance in Campylobacter

Fluoroquinolone resistance in C. jejuni
appears to be due most often to mutations in the
genes encoding subunits of DNA gyrase (gyrA)
and only occasionally to topoisomerase IV (parC)
(Figure 1). DNA gyrase purified from quinolone-
resistant mutants of C. jejuni was 100-fold less
sensitive to inhibition by quinolones than the
wildtype gyrase (19). Cloning and sequencing of
the C. jejuni gyrA gene demonstrate that
mutations in gyrA at positions Thr-86, Asp-90,
and Ala-70 were responsible for resistance
(16,17). Mutations at Thr-86 are associated with
higher level resistance to nalidixic acid (MIC 64-
128 µg/mL) and ciprofloxacin (MIC 16-64 µg/mL)
than mutations at Asp-90 or Ala-70. C. jejuni
isolates resistant to even higher levels of
quinolones (ciprofloxacin MIC of 125 µg/mL) carry
two mutations, one in gyrA Thr-86 and the other in
the topoisomerase IV subunit parC at Arg-139 (18).

Evidence of efflux of fluoroquinolones in
C. jejuni (20) also exists. Passage of the bacteria
on pefloxacin-containing agar has led to the
isolation of a fluoroquinolone-resistant strain.
This strain was also resistant to tetracycline,
erythromycin, chloramphenicol, and several  β-
lactams. The pefloxacin-resistant strain carried a
mutation at Thr-86 of gyrA, likely responsible, in
part, for fluoroquinolone resistance. Broad-
specificity efflux pumps in C. jejuni, which cause
fluoroquinolone resistance, have not yet been
shown to be clinically relevant.

Use of Macrolides and
Quinolones in Food Animals

Antibiotics of the macrolide-lincosamide
group have been used in treating food animals
worldwide for several decades. The most
commonly used agents have been lincomycin and
tylosin for controlling dysentery and Myco-
plasma infections in swine and spiramycin for
treating mastitis in cattle. For the past 20 years,
tylosin has also been the most commonly used
agent for growth promotion in swine production
worldwide, whereas spiramycin has been
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Table 1. Veterinary licensing of fluoroquinolones in selected countries

Country   Substance Licensing year    Animal species
Austria (22) Enrofloxacin 1992 Cattle, pigs, poultry

Danofloxacin 1996 Poultry
Difloxacin 1998 Poultry

Canadaa Enrofloxacin 1987 (withdrawn in 1997) Turkey (egg dip)
Denmark (22) Enrofloxacin 1991 Cattle, pigs, poultry

Danofloxacin 1993 Poultry
Difloxacin 1998 Poultry, turkey
Marbofloxacin 1998 Cattle, pigs, dogs, cats

Finland (22) Enrofloxacin 1992 (oral use withdrawn Pigs
  in 1999)

Difloxacin 1998 Poultry
France (22) Enrofloxacin 1991 Cattle, poultry

Danofloxacin 1996 Cattle
Marbofloxacin 1993 Cattle
Difloxacin 1998 Poultry

Italy (22) Enrofloxacin 1989 Cattle, pigs, poultry
Difloxacin 1998 Poultry

Japanb Enrofloxacin 1991 Cattle, poultry
1992 Pigs

Danofloxacin 1992 Poultry
1993 Cattle, pigs

Ofloxacin 1992 Poultry
Orbifloxacin 1993 Cattle, pigs
Difloxacin 1996 Pigs
Norfloxacin 1998 Poultry

Netherlands (22) Enrofloxacin 1987 Cattle, pigs, poultry
Difloxacin 1998 Poultry

Spain (22) Enrofloxacin 1986 Cattle, pigs, poultry
Difloxacin 1998 Poultry

United Kingdom (22) Enrofloxacin 1993 Cattle, pigs, poultry
Danofloxacin 1993 Poultry
Marbofloxacin 1995 Cattle
Difloxacin 1998 Poultry

USAc Enrofloxacin Approx. 1987-88 Dogs, cats
1996 Poultry

Sarafloxacin 1999 Cattle
1995 Poultry

aRJ Irwin, Health Canada, 1999. pers. comm.
bY Tamura, National Veterinary Assay Laboratory, Japan, 1999. pers. comm.
cJL Watts. Pharmacia/Upjohn, Kalamazoo, Michigan, 1999. pers. comm.

commonly used in poultry. The use of macrolides
for growth promotion has been banned in all
European Union countries since July 1999.

Several fluoroquinolones are available for
treating food animals, such as poultry, cattle,
pigs, and fish, in many countries. While
information on global use is limited, worldwide
use in food animals was estimated at 120 tons in
1997; use in humans has been estimated at more
than 800 tons (21). Data are available only for the
year of veterinary licensing of fluoroquinolones
by country (Table 1). Licensing for use does not

necessarily mean that the drug is actually used,
so even these data have to be considered with
caution. However, quinolone treatment of
Campylobacter-colonized broiler chickens has
induced quinolone resistance under experimen-
tal conditions (23).

Macrolide and Quinolone Resistance
in Isolates from Food Animals and
Foods of Animal Origin

Campylobacter is carried in the intestinal
tract of wild and domestic animals and, as result
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of fecal contact during processing, frequently
contaminates foods derived from animals.
C. jejuni is predominant in broilers and cattle but
is infrequent in pigs (where C. coli predominates)
(24). In food animals, the prevalence of resistance
to erythromycin is generally higher in C. coli, in
particular in C. coli isolates from pigs, than in
C. jejuni (24-26). In a recent study from Spain
(27), rates of erythromycin and quinolone
resistance in C. coli from pigs were 81% and
100%, respectively. High erythromycin resis-
tance in pigs may be related to extensive
veterinary use of macrolides (5,28).

In food products of animal origin, the
occurrence of Campylobacter is much higher in
poultry than in other categories, e.g., pork or beef
(29). Therefore, Campylobacter resistance data
are primarily based on poultry products,
especially broiler meat. For a number of
countries, fluoroquinolone-resistance rates are
similar in isolates from poultry products and
humans (10,25,27,30-32). In the United King-
dom, enrofloxacin (a derivative of ciprofloxacin)
was first licensed in late 1993; before then,
domestically bred chickens were less fre-
quently infected with quinolone-resistant
campylobacters than imported chicken prod-
ucts. Using a simple model, researchers were
able to correlate the previously observed
resistance percentage in domestically acquired
cases with estimates of the amount of imported
chicken consumed in the United Kingdom (32).
In recent data from Spain and Taiwan, rates of
erythromycin resistance were 17% and 17%,
respectively, in C. jejuni isolated from foods,
whereas for C. coli the figures were 50% and 83%,
respectively (27,31).

Transmission of Resistant Campylobacter
from Animals to Humans

Campylobacteriosis is primarily a zoonosis.
Evidence to indicate that fresh raw meat,
especially poultry, is a major source of infection is
ample, even though other sources such as raw
milk, water, and pets may contribute to human
infection (1,5,33-38).

Studying the transmission of antimicrobial
resistance from animals (especially poultry to
humans) has been difficult because the chain of
transmission is often complex. The number of
macrolide- and fluoroquinolone-resistant iso-
lates from humans is influenced by several
factors including veterinary use of macrolides

(approved for use as antimicrobial growth
promoters or as therapeutic drugs) and
fluoroquinolones (only approved as therapeutic
drugs) at a given location (24,39); association
with recent or current antimicrobial treatment of
patients; the origin of isolates (children vs.
adults; inpatients vs. outpatients); travel (10,40-
45); and sampling strategy and susceptibility
testing procedures (no consensus as to method,
media, culture conditions, or breakpoints [43,46]).
These factors stress the need for cautious
interpretation and comparison of data from
different centers. However, several studies have
shown that food animals can be a substantial
source of infection in humans and that the same
serotypes and genotypes can be isolated from
humans and food animals (29,36,37,47-49). DNA
profiling of Danish C. jejuni serotype O:2 strains
using pulsed-field gel electrophoresis with four
restriction enzymes identified common geno-
types in humans, poultry, cattle and swine (SLW
On, EM Nielsen, and J Engberg, unpub. data).
Typing data on resistant isolates is sparse, but
Smith and colleagues (10) found DNA finger-
prints of quinolone-resistant C. jejuni from U.S.-
produced poultry identical to those of resistant C.
jejuni from domestically acquired infections in
humans. Therefore, the susceptibility of humans
strains originating in animals to antibiotics can
be related to the exposure of animal strains to
antibiotic agents used in farming.

Is There a Link Between Macrolide and
Fluoroquinolone Use in Humans and
Resistant Campylobacter Infections?

Some investigators suggest that resistance in
C. jejuni and C. coli is driven by use of antibiotics
for treating human infections rather than by
veterinary use. Induction of macrolide resistance
during treatment has been reported infrequently
(50). However, induction of macrolide resistance
may play a role in areas with a large reservoir of
asymptomatic Campylobacter carriers and fre-
quent use of macrolides in humans.

Induction of fluoroquinolone resistance
during treatment is well recognized and often
reported (8,51-53). A predicted 10% of patients
treated with a fluoroquinolone for Campylobacter
enteritis harbor quinolone-resistant Campylo-
bacter strains (6). Recently, Ellis-Pegler (53)
found that fluoroquinolone resistance developed
in 18% to 28% of patients in their prospective
trial. Development of resistance has been
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Figure 2. Trends for quinolone resistance rates (in percentages) among Campylobacter coli and C. jejuni combined
from human sources around the world. The bars represent both nalidixic acid and fluoroquinolone resistance and
are based on mean values of resistance from numerous reports (9,17,24,27,39,43,56-58,61-64,72-75,78,88, plus
pers. comm. from Feirel G and Rautelin H, and unpub. data from Nachamkin I).

reported within 24 hrs of treatment, but
prolonged therapy, e.g., in immunosuppressed
patients, is also a risk factor (52,54).

Smith et al. (10) showed that use of a
quinolone before culture accounted for a
maximum of 15% of resistant isolates during
1996 to 1998. In addition, an increasing number
of reports claim that fluoroquinolone-resistant
strains have been isolated from patients who had
not received medical treatment,  suggesting that
strains were already fluoroquinolone resistant
before causing the infection (7,31,32,55-57).
Since human-to-human transmission of C. jejuni
and C. coli is rare (9), patients infected with resis-
tant Campylobacter are not an important source of
resistant Campylobacter for other humans.

Before fluoroquinolones were introduced in
veterinary medicine, they were widely used in
human medicine in a number of countries,

including the Netherlands and the United States
(since 1985 and 1987, respectively), without
emergence of quinolone resistance in
Campylobacter in humans. In contrast, emerging
quinolone resistance in humans often coincides
with or follows the approval of fluoroquinolones
in animal husbandry (Table 1, Figure 2). Thus,
while human macrolide and fluoroquinolone use
contributes to the increase in resistance in
humans, their relative contribution to increase in
resistance compared to the use of these agents in
husbandry appears to be small.

Frequency of Macrolide
Resistance in Human Isolates

Data on erythromycin and azithromycin
resistance in C. jejuni, C. coli, and the two
organisms combined, isolated from humans
around the world since 1989, differ by country
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Table 2. Erythromycin and azithromycin resistance rates (%) in Campylobacter in humans, worldwide, since 1989

Country C. jejuni C. coli C. jejuni  and C. coli             Reference
Austria   0.7   5.5 <1-1.4 (58 & pers. comm.a)
Canada   0-3.3     -     - (59,60)
Denmark   0 14.0   0-4 (24,61,62)
Finland     -     - <1-3 (43,63, & pers. comm.b)
France   1.1 12.2   3.5 (64)
Hungary     -     -   0 (65)
Italy   1.2-6 16-68.4   7.8-11.6 (66-69)
Japan   0.8     -     - (66)
New Zealand     -     -   1.5 (70)
Singapore     -     - 51 (71)
Spain   0-11.0   0-35.0   3.2-7.3 (17,27,56,57,72)
Sweden   6.4c 11.1c   7.3c (44)
Taiwan 10.0 50.0 18.3 (31)
Thailand   -     -   0-31.0 (73,74)
United Kingdom   1 13   1.8 (75)
United States   0-7.8     -     - (10,76-78, & unpub. datad)
aG Feierl, 2000, pers. comm.
bH Rautelin, 1999, pers. comm.
c90% of isolates were acquired abroad.
dI Nachamkin, 2000, unpub. data.

and species (Table 2). Almost all studies report a
higher frequency of erythromycin resistance in
C. coli than in C. jejuni (0% to 11% in C. jejuni vs.
0% to 68.4% in C. coli). Trends over time for
erythromycin resistance show stable and low
rates in Japan, Canada, and Finland, but recent
development of resistance in Thailand and
Sweden (45,73).

Trends over Time for
Quinolone Resistance

Resistance to fluoroquinolones in
Campylobacter has clearly increased over the
past decade in many parts of the world (Figure 2).
Before 1989, resistance was rare. With the
introduction of enrofloxacin in veterinary
medicine (Table 1) and (probably less important)
fluoroquinolones in human medicine in mainland
Europe (the Netherlands, Finland, France, and
Spain), a rapid emergence of quinolone resis-
tance in Campylobacter isolates from patients
was noted (8,9,43,55,64,89,90).

Surveillance data on resistance rates in
human isolates from Asia soon indicated an equal
increase (84,91). Quinolones were approved for
veterinary use in the United Kingdom and the
United States in late 1993 and 1995, respectively;
reports from these areas now show increasing
quinolone-resistance profiles (10,39,88).

In the latest data from Taiwan, Thailand, and
Spain, rates of fluoroquinolone resistance in

C. jejuni, or C. jejuni and C. coli combined were
56.9%, 84%, and 75% to 88%, respectively
(27,31,40,73). In these regions, where quinolone
resistance is highly endemic and Campylobacter
spp. predominate, fluoroquinolones cannot be
recommended for community-acquired bacterial
diarrhea. Although lower frequencies are re-
ported from other regions, recent trends show a
clear tendency of emerging quinolone resistance
in many countries. Quinolone resistance in
human isolates often coincides with or follows the
approval of fluoroquinolones for use in animal
husbandry (Table 1, Figure 2), although some
differences in resistance rates between countries
may be explained by differences in association
with foreign travel, commerce, methods of
testing, and surveillance activity.

Multidrug Resistance
Multidrug resistance to macrolides and

fluoroquinolones must be considered highly
undesirable in Campylobacter as these two
classes are generally advocated as first- and
second-line drugs for antimicrobial treatment of
Campylobacter enteritis.

Additional resistance to other relevant
therapeutic agents poses a risk when there is no
effective antimicrobial regimen for Campylobacter
infections. Recently, Hoge et al. (73) found 100%
co-resistance between Thai isolates resistant to
azithromycin and ciprofloxacin in the last 2 years
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of surveillance. In addition, the level of
tetracycline and ampicillin resistance in Thai-
land is so high that these agents now have no role
in the treatment of Campylobacter or noncholera
diarrhea. Li et al. (31) reported that concomitant
resistance rates among nalidixic acid-resistant
C. jejuni isolates from their patients (exclusively
children) were as follows: gentamicin 2%,
erythromycin 12%, clindamycin 12%, tetracyline
97%, and ciprofloxacin 66%. All of these human
erythromycin-resistant C. jejuni isolates and
90% of the C. coli isolates were concomitantly
resistant to clindamycin.

Consequences of Resistance for the
Clinical Decision-making Process

Distinguishing infections caused by different
enteric pathogens is seldom possible, so
antimicrobial-drug use in the clinical setting is
not confined to the treatment of Campylobacter
spp. but rather to empiric treatment of
community-acquired diarrhea in general. In-
creased rates of resistance have also been
reported from nontyphoidal salmonellae (25,92),
and documented failures in the treatment of
human Salmonella infections have been de-
scribed (93). Therefore, having continuous
information on the resistance patterns of the
most common bacteria causing gastrointestinal
infections is critical.

Control Measures
Surveillance of resistance in Campylobacter

is of paramount importance when
fluoroquinolones are used to treat human
infections. Systematic surveillance and timely
reporting of antibiotic resistance patterns in C.
jejuni and C. coli and other enteric pathogens
from different regions should become a high
priority. The principal purpose of monitoring
antimicrobial resistance trends in enteric
pathogens is to provide clinicians with data that
can be used to select appropriate treatment
regimens. Surveillance should emphasize antibi-
otics that are being used routinely to treat
diarrhea, as well as any alternatives, such as
fluoroquinolones, macrolides, and gentamicin.
Equally important is the accessibility of the data
to those providing primary care. For quinolones,
quantitative nalidixic acid susceptibility data are
more sensitive than fluoroquinolone susceptibil-
ity data for detecting common first-step
mutations causing reduced susceptibility.

To circumvent the development of resistance,
we have two options: infection control (zoonoses
control) and prudent use of antibiotics. Improved
infection control strategies along the chain
“stable to the table” and guidelines for prudent
use of antimicrobial agents in food animal
production should be developed (94,95). To
prevent further development of resistance in
Campylobacter, limiting the use of macrolides
and fluoroquinolones for food animals as much as
possible is recommended. In Denmark,
fluoroquinolones are not essential for treatment
of any type of infection in food animals, according
to surveillance performed by the Danish
Veterinary Laboratory, and their use is only
recommended on the rare occasion when no other
therapeutic option is available (22). Because of
the selection for resistance, the use of macrolides
for growth promotion has been banned in all
European Union countries since July 1999. The
effect on the occurrence of resistance in bacteria
in food animals is still not known. However,
preliminary results suggest that macrolide
resistance in C. coli from pigs in Denmark has
decreased along with the decreased use of tylosin
(FM Aarestrup, unpub. data).

Conclusions
Review of in vitro macrolide and quinolone

resistance prevalence and trends in
Campylobacter isolated from humans showed a
temporal relationship between use of quinolones
in food animals and resistant Campylobacter
isolates in humans. The public health effects of
antibiotic use in agricultural practice, including
resistance of C. jejuni and C. coli to macrolides
and quinolones, should be estimated. Adequate
actions for control are strongly needed in both
veterinary and human medicine. The public
health issue of resistance in Campylobacter has
global dimensions because of ever-increasing
international trade and travel.
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Plasmodium vivax is the most common of
four human malaria species, with a worldwide
distribution within approximately 16° to 20°
north and south of the summer isotherms. Before
its unexplained disappearance from Europe,
P. vivax was probably present as far north as
Moscow. Currently the organism is endemic in
many countries of Asia, the South Pacific, North
Africa, the Middle East, and South and Central
America (1).

The biologic diversity included within this
species designation has justified the use of a
trinomial system for naming, including the
subspecies, a taxonomic character given formal
recognition in the International Rules of
Zoological Nomenclature. The concepts of
“species” and “subspecies” are still hotly debated,
camps often dividing between those referred to as
lumpers and splitters. Although species has
various definitions, most depend on whether
populations share or do not share a common gene
pool. A subspecies is a population or group of
populations inhabiting a geographic subdivision
of the range of a species and differing from other

populations by diagnostic morphologic character-
istics. It follows that subspecies cannot be
sympatric, as interbreeding would lead to the loss
of identity (2). Some researchers think that
distribution can be either geographically or
ecologically based (3).

In this study, we describe a large number of
New and Old World P. vivax isolates. To assess a
measure of relationship between 10 different
parasite isolates, we measured the parasite
infectivity of >25,000 mosquitoes in a 10-year
period, using a ratio of infectivity of Anopheles
albimanus to that of an internal control as a
measure of success. We also identified and
monitored a genomic and an organellar polymor-
phic marker and applied these to 17 different
isolates from a wide geographic range. Our
results were totally consistent with the geo-
graphic separation based on developmental
differences in the mosquito. We determined that
independently isolated strains of New World
P. vivax are very similar to each other and, as a
group, are distinct from a broad distribution of
isolates collected in Asia and Oceania. This is the
first report of genomic, organellar, and pheno-
typic markers coalescing along geographic
boundaries and justifies the naming of a new
subspecies of P. vivax.
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We examined geographically distinct isolates of Plasmodium vivax and categorized
them according to developmental success in Anopheles albimanus. We found that
parasites from Central America and Colombia form a group distinct from those of Asia.
New World isolates have a distinct chromosomal translocation and an episomal
variation in the open reading frame (ORF) 470 DNA sequence that distinguishes them
from the other isolates tested. Old World types of P. vivax were introduced into the
Americas, and a remnant of this lineage remains in P. simium. It is indistinguishable from
Old World P. vivax to the extent determinable by using our encoded markers and the
examination of its developmental pattern in mosquitoes. The cohesive characteristics
that separate types of P. vivax are predictors of range and potential for transmission and
hence require taxonomic distinction.
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Geographic Differences in
Development of P. vivax Isolates

We examined the transmissibility of different
isolates of P. vivax and found that they vary in a
selective way. The comparative feeding results
from the study of 10 individual strains of P. vivax
are shown (Figure 1). For all parasite strains
collected from the New World infected mosqui-
toes (as measured by oocyst count), the average
infection rate was 30.6% for a single line of
Central American An. albimanus and 51.9% for a
laboratory line of An. freeborni, the positive
control. The Old World parasite strains, on the
other hand, had an average infection rate of only
0.25% for An. albimanus, while infecting the
positive control, An. freeborni, quite normally at
63.4%. Methods and preliminary data on the
correlation between different mosquito colonies
and parasite development in An. culicifacies have
been reported (5).

Further experiments tested the effect of the
origin of An. albimanus on transmissibility of
P. vivax. Five New World An. albimanus colonies

were far more susceptible to each New World
parasite than to any Old World parasite line
(Table). The average infection rate for five
different New World colonies was 21.2%. As the
positive control, An. freeborni was infected by
parasites from the different areas with a mean
infection rate of 57.1%. Hence, the distinction of
developmental success in An. albimanus did not
relate to characteristics of a single colony but was
a more general phenomenon. The single
exception to the Old World-New World separa-
tion was P. simium, a New World monkey
parasite morphologically similar to P. vivax,
which has been reported to successfully infect
An. freeborni but not to be very infective
to An. albimanus (6).

Separation of New and Old World P. vivax
Malaria Indicated by Analysis of Nuclear-
Encoded and Plastid DNA Markers

P. vivax isolates representing different
geographic areas and one isolate of P. simium,
a parasite of New World monkeys, were

Figure 1. Comparison of the relative developmental success of 11 different isolates of Plasmodium vivax in
Anopheles albimanus and An. freeborni. The black bars and arrow represent An. albimanus, and the gray bars and
arrow represent An. freeborni. The origin of each isolate is indicated on the map. American Type Culture collection
reference numbers are as follows: N. Korea T1206, Thai K1294, Vietnam C30151, New Guinea C30060,
Nicaragua 30073, Panama C30138, and El Salvador-1 C30197. W. Pakistan, Salvador-2, and Colombia came
directly from the Centers for Disease Control and Prevention (CDC). Analysis of feeding and infectivity are as
described (4).*
*Susceptibility of An. albimanus to different strains of P. vivax was tested by feeding the mosquito on infected Aotus monkeys
(4). A total of six strains of An. albimanus collected from Panama, El Salvador, Colombia, and Haiti were used to test each of
11 strains of P. vivax, 6 strains of which were from the New World, including 2 isolates from El Salvador and 1 each from
Colombia, Haiti, Panama, and Nicaragua; 5 strains were from the Old World, including Chesson strain (New Guinea), West
Pakistan strain (Pakistan), North Korea strain (Korea), Pakchong strain (Thailand), and Vietnam II strain (Vietnam). The
infection rate was determined by dissecting and counting midgut oocysts or salivary glands during the second week after the
infectious blood meal. An. freeborni, which were originally from Marysville, California, and have been maintained in the
laboratory at CDC since 1944, were used as a positive control because this laboratory-selected colony has a high level of
susceptibility to all strains of P. vivax.
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characterized according to sequence poly-
morphisms within the nuclear-encoded rRNA
genes and the 35-kb plastid genome. The New
World P. vivax isolates were identical under
these criteria, while the Old World P. vivax and
P. simium also formed a distinct and related
group. These parasites include most of the
original parasite lines tested for developmental
success in An. albimanus.

Consistent Differences Between Old
and New World Isolates of P. vivax in
S-type rRNA Genes: Result of a
Single-Type Gene Conversion

DNA sequence analysis of the cloned 18S
rRNA genes from 17 isolates, including 5 of 7 Old
World isolates and 5 of 7 New World isolates from
infectivity studies, indicated that all strains
shared similar sequence types, including 3 types
of genomic rRNA genes as we described for the
Sal-1 strain (7,8). In comparing the 18S rRNA
sequences of New World and Old World isolates,
however, we found a consistent polymorphism
that separated the two according to geographic
location (Figure 2). While the genes expressed in
blood stage (A type) and oocysts (O type)
remained the same in all isolates, the S-type
genes transcribed in sporozoites were main-
tained in either one or the other of two distinct
forms (Figure 2). The New World type of S gene
has been reported in a P. vivax isolate from El
Salvador (12), and the Old World type has been
reported to exist in the monkey malaria,
P. simium (13; Li and McCutchan, unpub. data).
The difference between the two types of S gene is
localized at the 3' end of the gene, including the last
variable region, V8 (9). The A gene and two types of
the S genes were differentiated on the basis of
fragment length (Figure 2). The assignment of type
was confirmed in all isolates by DNA sequence

analysis. The results indicate that one type of S
gene is shared by all strains or isolates from
Central and South America. Parasites from Asia,
the Pacific region, and Africa have a genotype
similar to the S gene from the primate malaria P.
cynomolgi and exactly like that of P. simium.

The structure of the variant New World S
gene appeared to be the result of a simple
conversion between the A and S genes (Figure 3).
Further, the point of conversion between A and S
genes appeared to be the same (within 9 bp) in all
New World isolates. The simplest conclusion is
that only one conversion occurred, and it existed
in the progenitor of all New World strains thus
far examined. Expression of the two types of S
gene has been confirmed by sequencing of cloned
reverse transcriptase/polymerase chain reaction
fragments amplified from sporozoite rRNA (Li
and McCutchan, data not shown).

Analysis of the Open Reading Frame
(ORF) 470 in P. vivax Consistent
with Parasite Associations
Established with Genomic Markers

This 35-kb circular DNA is maternally
inherited and highly conserved in sequence (14).
We investigated the ORF 470, the small subunit
rRNA, and the Clp gene for phylogenetically
informative sites. The results show that a
conserved substitution of the ORF 470 has been
maintained among the New World P. vivax,
where an isoleucine is replaced by valine. The
parasites from Old World isolates maintain the
isoleucine, as do their putative progenitors from
primate malarias (Figure 4). The limited number
of maternal types is not unexpected because of
the extensive plastid homogeneity found within
species of these parasites (14). We assume that
this polymorphism is representative of two
separate lineages.

Discussion
The evolution of a new species or subspecies

from within the range of a single sexually
reproducing population has been of central
interest to biologists since before Darwin. With
regard to medicine and epidemiology, an
understanding of the above would substantially
contribute to designing procedures for pathogen
control (15). We have shown that a partition
subdivides the population range of P. vivax and
have presented one reason why such partitions
remain stably in place.

Table. Anopheles albimanus exhibits greater suscepti-
bility to New World versus Old World Plasmodium vivax

   Infection rate
P. vivax     Mosquito (No. positive/no. fed)
New World An. albimanus          21.2%

   (5,888/27,700)
An. freeborni          57.1%

   (13,227/25,555)
Old World An. albimanus            0.4%

   (10/2,508)
An. freeborni          57%

   (1,790/3,135)
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Figure 2. Sequences of Plasmodium vivax isolates are distinguished by variation in the 3' end of the S-type rRNA
gene (9). The S-type gene is longer in Old World isolates and in P. simium. Oligonucleotide #902 (5'CAG
CAAGCTGAATCGTAATTTTAA3') was used to detect type A rRNA, and #743 (5'ATCCAGATCCAATCCGACATA3')
and #901 (5'GATAAGCACAAAATAGCGAAATGC3') were used to differentiate the two S-type rRNAs in
membrane blot hybridization. American Type Culture Collection reference numbers not designated in the Figure
1 legend are as follows: Thai R112, Thai R115, Honduras-1 T09794, Honduras-2 T10595, Brazil-1 T40695, and
Thai K1090. Haiti, Brazil-2, and the West African isolates came directly from the Centers for Disease Control and
Prevention (CDC).*†
*The P. vivax SAL-1 strain, Africa strain, Pakistan strain, Brazil strain, and New World monkey vivax, P. simium, were from
CDC. P. vivax Vietnam strain, Chesson strain, and Panama strain were from the American Type Culture Collection. The four
Thai strains were from Walter Reed Medical Center; they were collected from four geographically separate locations in
Thailand and their immunologic characteristics described with regard to the circumsporozoite protein gene (10). The
heparinized blood samples were stored in 5% glycerolyte at -70°C.
†Purified DNA from frozen blood samples was processed with DNAzol reagents (GIBCO-Bethesda Research Laboratory,
Gaithersburg, MD) according to the manufacturer’s instructions. The partial sequence of 18S rRNA genes that covers variable
regions 7 and 8 was amplified with a pair of genus-conserved primers, #841 and #844 (9). The sequence of an open reading frame
(ORF 470) on the 35-kb plastid-like DNA was amplified with a pair of oligonucleotide primers #1274 (5' GTAAAAT
TATATAAACCACC 3') and #1273 (5' GCACAATTTGAACGTAC 3') conserved in plastid-like organelle in Apicomplexa (11). The
sequence of circumsporozoite protein genes was amplified with oligonucleotide primers #1157 (5' AATGGAGTAAACT
TCAATAATGTA 3') and #1160 (5' CTCCACAGGTTACACTGCATG 3'). The reaction was set up in a 100-µL reaction volume
containing 20–50 ng DNA, 200  M of each deoxynucleoside triphosphate, 50 mM KCl, 10 mM Tris-HCl (pH8.3), 2 mM MgCl2,
and 2.5 U Taq DNA polymerase (Perkin-Elmer Cetus, Norwalk, CT) at a three-step cycling with the following parameters:
94°C/1 min for denaturation, 50°C/1 min for annealing, and 72°C/1–2 min for elongation for a total of 30 cycles. Conditions for
separation of polymerase chain reaction products on agarose electrophoresis and 32P-ending labeled probe hybridization were
described (8,9). Oligonucleotide #902 (5' CAGCAAGCTGAATCGTAATTTTAA 3') was used to detect type-A rRNA, and #743 (5'
ATCCAGATCCAATCCGACATA 3') and #901 (5' GATAAGCACAAAATAGCGAAATGC 3') were used to differentiate the two S-
type rRNAs in membrane blot hybridization. Oligonucleotide #1163 (5' AGAGCAGCTGGACAGCCAGCA 3') and #1165
(5'GCWGGCAATCAACCAGGAGCA3') were used as probes to differentiate Sal-1 (classic) and PVK247 (variant) types of
circumsporozoite protein genes, respectively. The gene coding for 18S ribosomal RNA was amplified from the DNA of Thai
isolates with oligonucleotides #566, 5' GGATAACTACGGAAAAGCTGTAGC 3', and #570, 5' CGACTTCTCCTTCCTTTAAAA
GATAGG 3', as the 5' and 3' end primers, respectively. Both primers are conserved for the genus Plasmodium and cover most
of the transcribed sequences from approximately 140 downstream of the 5' end to 40 bp upstream of the 3' end.
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Figure 3. The sequence of Plasmodium vivax from the Americas is distinguished from Old World isolates by
analysis of the 3' end of the S-type rRNA gene. The S-type rRNA sequences were determined from cloned amplified
products of parasite DNA and RNA.

Figure 4. Polymorphism in the ORF 470 region of the
35-kb plastid-like DNA was determined by DNA
sequence analysis after amplification of DNA from
each isolate with oligonucleotide primers #1274 (5'GT
AAAATTATATAAACCACC3') and #1273 (5'GCACA
ATTTGAACGTAC3') (11).

The epidemiologic impact of barriers to
genetic exchange is substantial. Such barriers
can come from both geologic and biologic sources.
We have shown that differing vector-parasite
compatibility can create genetic isolation be-
tween populations of a single parasite species. In
principle, the question of differing vector-
parasite compatibility has been addressed by the
observation of historic events. When millions of
potentially exposed soldiers returned home from
World War II, Korea, and Vietnam, reintroduc-
tion of malaria was considered a serious
possibility, given that P. vivax was only
eliminated from the United States in the 1940s
and the vectors were still in abundance. The fact
that P. vivax was not reintroduced was, at the
time, surprising. How could the parasites from
Asia and America be different? Because P. vivax
collected from the New World, Africa, and Asia
have indistinguishable morphologic features and
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life cycles, as well as many of the same surface
antigens, it was assumed that they represented
the same parasite.

A dichotomy is revealed when one compares
the relative developmental success of different
parasite isolates in An. albimanus and
An. freeborni. Both mosquitoes come from the
Americas, but An. albimanus is indigenous to
malarious areas and An. freeborni is not. When
different isolates of P. vivax were fed to the New
World mosquitoes, an obvious division formed
along broad geographic lines. An. albimanus
were more easily infected by New World
parasites than by Old World parasites, whereas
no difference in infectivity was detected in the
control, An. freeborni. Hence, adaptation to the
mosquito, rather than general developmental
fitness, is the selective basis for separation.
Examination of An. albimanus from five different
areas of the New World each revealed the
dichotomy. It is of interest that the insect-parasite
association developed along broad geographic lines.

More than 25,000 mosquitoes were dissected
during a 10-year period, and the resultant large
numbers have implications for the interpretation
of results. Clearly, the feedings were repeated
many times, and each can be considered a
separate experiment. The same protocol was
followed in each experiment, but slight variations
in factors such as the exact age of the mosquitoes
and the source of infective blood must have
occurred during the study period. The simple
conclusion that a large difference exists in the
developmental success of parasites from the Old
and New Worlds in An. albimanus was entirely
consistent over the period, and all experiments
are in accord with that conclusion. Development
of the same parasite strains was also tested in an
Old World mosquito, An. culicifacies (Collins et
al., unpub. data). As a group, Old World parasites
infected An. culicifacies more efficiently and had
a higher rate of oocyst production than  parasites
from the New World, although some New World
parasite lines had not lost the potential to infect
An. culicifacies. This indicates that while the
lineage giving rise to New World parasites may
have developed successfully in An. culicifacies
and other Old World mosquitoes, that potential
may be lost during the process of adapting to a
new environment.

The developmental mechanism involved in
determining success of a parasite isolate in
mosquito colonies represents an unknown

number of loci. Data supporting the division
defined by infectivity studies were based on DNA
polymorphisms in samples supplied from the
American Type Culture Collection (Rockville,
MD) and the Centers for Disease Control and
Prevention’s  Division of Parasitic Diseases. The
episomal marker is located within the ORF 470 of
the 35-kb plastid (11), which is physically
unlinked to genomic markers. Our genomic
marker is a polymorphism resulting from a
defined ribosomal RNA gene transformation.
Although we cannot definitively say that the
division of groups is related to their genetic
isolation (i.e., we cannot show that we have
saturated the genome with markers), that does
appear to be the case. The premise of our
interpretation is that episomal and chromosomal
ribosomal markers are not linked to each other
and are unlikely to be linked to genes controlling
parasite development in the mosquito.

P. simium carries genomic and maternal
polymorphisms identical to the Old World human
parasite P. vivax. Its ancestors are certainly more
maternally related to the Old World P. vivax of
humans than to the P. vivax that now dominates
in humans in South America. Thus, a lateral
transfer occurred during P. simium evolution, as
previously indicated (13,16,17). P. simium and
New World P. vivax did not originate directly
from the same source, contrary to published
speculation on the parasite’s evolution. There-
fore, P. vivax most likely  entered the New World
on two separate occasions and from different
geographic locations.

Two types of repetitive epitope have been
described in the circumsporozoite protein gene of
P. vivax; their distribution appears to be
worldwide (18). We confirm this finding in our
isolates (data not shown); hence, all our isolates
arose from a common ancestor. The separation of
these two P. vivax subspecies may have started
before entry into the Americas, but it is likely
that isolation and adaptation to the new
environment were strong forces in driving the
fixation of the parasites that now exist there. It is
widely, although not universally, agreed that
P. vivax entered into the Americas within the last
500 years. If true, this would suggest that
fixation and dispersal over a wide geographic
area happened within a few hundred years.
Although this seems rapid, it is within the realm
of what we know about malaria. The period of
isolation needed for subspecific differentiation
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2The designation of separate species does not require that the two organisms cannot mate and produce viable progeny, only that
this does not happen with frequency in natural situations.

1The biologic diversity inherent in P. vivax already justifies the use of a trinomial system for naming its members that includes
the designation of subspecies, a taxonomic character given formal recognition in the International Rules of Zoological
Nomenclature. A subspecies is a population or group of populations inhabiting a geographic subdivision of the range of a species
and differing from other populations by diagnostic morphologic characteristics.

can occur in fewer than 300 generations. In a
natural system involving Plasmodium, this could
happen in as few as 60 years (19). Speculation
with regard to the evolution of malaria parasites
of neotropical monkeys suggests that altered
selective pressures on an isolated group of
mammalian malaria parasites may lead to the
evolution of a new species in only a few hundred
years. The time of genetic separation needed to
form new species is thus generously provided
within the above range.

P. vivax of the New World clearly has
distinctive features that relate to its potential for
spread and thus require taxonomic distinction.
Justifications for the designation of subspecies
are met;1 phenotypic differences exist among
parasites that occupy different sectors of the
inclusive geographic range of P. vivax. There are
subspecies of Old World P. vivax separated on the
basis of biologic characteristics: relapse pattern
(e.g., P. vivax hibernans and P. vivax
multinucleatum) and morphologic characteris-
tics such as multiple-cell invasion (20). It follows
that if these were sympatric, interbreeding would
have led to the loss of identity (2). The question is
whether species classification is justified for the
New World parasite. Historically, a major
branching occurred in the P. vivax species, or
species complex, which divided the New World
P. vivax from known Old World parasites. The
problem with either designation (species2 or
subspecies) is that it is unclear how many other
taxonomic distinctions are warranted within the
New World. For example, a study in Mexico links
a polymorphism within the circumsporozoite
protein gene with transmission and geographic
distribution (21). Although this does not indicate
the existence of other restricted gene pools, the
circumsporozoite protein gene and transmission
being genetically associated, it does show that
further subdivisions are present within the New
World that are being affected by mosquito
distribution. We suggest that the New World
parasite be given a subspecies designation,
P. vivax collins, until it can be determined
whether the New World group can be further

subdivided into phenotypically defined groups
occupying portions of this parasite’s range. The
species designation P. collinsi should then be
considered.
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Yersinia pestis is the causative agent of
plague, a disease transmitted from rodent to
rodent by the bites of fleas. Bubonic plague, the
most common form of the disease, occurs through
rodent-to-human transmission by infected fleas
of peridomestic animals (rats, cats) or wild
rodents. Pneumonic plague, a less frequent but
highly severe form of the disease, is transmitted
from human to human by infected droplets
spread by a patient with lung infection (1).

Public health measures and effective antibi-
otic treatments have led to a drastic decrease in
plague worldwide. However, the disease is not
eradicated. Endemic plague foci persist in Africa,
Asia, and North and South America. During the
last 15 years (1982 to 1996), 23,904 human
plague cases and 2,105 deaths were reported to
the World Health Organization by 24 countries
(2). The most affected countries are Madagascar
and Tanzania in Africa, Vietnam in Asia, and
Peru in the Americas. Since the early 1990s, a
steadily increasing trend in human plague cases
has been reported to the World Health
Organization. This trend is partly attributable to
epidemics in places where human plague had

disappeared for several decades and has led the
World Health Organization to categorize plague
as a reemerging disease (3). The reasons for
plague’s reemergence are not clear but may be
partly attributable to inadequate surveillance.

Streptomycin, chloramphenicol, and tetracy-
cline, alone or in combination, are the reference
drugs to treat plague, whereas tetracycline or
sulfonamides are recommended for prophylaxis
(4). Classically, Y. pestis isolates are uniformly
susceptible to all  antibiotics active against gram-
negative bacteria (5-7). Recently, high-level
resistance to multiple antibiotics, including those
recommended for plague prophylaxis and
therapy, was observed in a clinical isolate of
Y. pestis in Madagascar (8).

We report high-level resistance to streptomy-
cin (the reference antibiotic for plague treatment)
in a second strain of Y. pestis isolated in
Madagascar. The resistance genes were carried
by a plasmid that could conjugate at high
frequencies to other Y. pestis isolates.

Materials and Methods

Patient and Strains
In our study of the second resistant Y. pestis

isolate, Y. pestis 16/95, we used the bacterial

Transferable Plasmid-Mediated
Resistance to Streptomycin in a
Clinical Isolate of Yersinia pestis

Annie Guiyoule,* Guy Gerbaud,* Carmen Buchrieser,*
Marc Galimand,* Lila Rahalison,† Suzanne Chanteau,†

Patrice Courvalin,* and Elisabeth Carniel*
*Institut Pasteur, Paris, France; and †Institut Pasteur,

Antananarivo, Madagascar

Address for correspondence: Elisabeth Carniel, Laboratoire des
Yersinia, Institut Pasteur, 28 rue du Dr. Roux, 75724 Paris Cedex
15, France; fax: 33-1-40-61-30-01; e-mail: carniel2@pasteur.fr.

Plasmid-mediated high-level resistance to multiple antibiotics was reported in a
clinical isolate of Yersinia pestis in Madagascar in 1997. We describe a second Y. pestis
strain with high-level resistance to streptomycin, isolated from a human case of bubonic
plague in Madagascar. The resistance determinants were carried by a self-transferable
plasmid that could conjugate at high frequencies to other Y. pestis isolates. The plasmid
and the host bacterium were different from those previously associated with multiple-
drug resistance, indicating that acquisition of resistance plasmids is occurring in this
bacterial species. Emergence of resistance to streptomycin in Y. pestis represents a
critical public health problem since this antibiotic is used as the first-line treatment
against plague in many countries.



44Emerging Infectious Diseases Vol. 7, No. 1, January–February 2001

Research

Table 1. Bacterial strain used in study of resistant Yersinia pestis isolate 16/95
Strain Characteristics and plasmid contenta Source or reference
Y. pestis
16/95 pFra, pPla, pYV, pIP1203 Tra+b Smc Wild strain
6/69 pFra, pPla, pYV Wild strain
6/69cN Nald, pFra, pPla Spontaneous Nal mutant of pYV cured 6/69
6/69cNR Nal, Rife, pFra, pPla Spontaneous Rif mutant of 6/69cN
6/69cN(pIP1203) Nal, pFra, pPla, pIP1203 Tra+ Sm Transconjugant 16/95 x 6/69cN

Y. pseudotuberculosis
IP32790 pYV Wild strain
IP32790cN Nal Spontaneous Nal mutant of pYV cured P32790
IP32790cN(pIP1203) Nal, pIP1203 Tra+ Sm Transconjugant 16/95 x IP32790cN

Y. enterocolitica
IP864 pYV Wild strain
IP864cN Nal Spontaneous Nal mutant of pYV cured IP864

Escherichia coli
C600R thr leuB6 thi-1 lacY supE rpoB Spontaneous Rif mutant of C600, Bachmann (9)
JM109 hsdR- supE gyrA Yanisch-Perron et al. (10)
K802N hsdR- hsdM+ gal- met- supE gyrA Wood (11)
K802N(pIP1203) pIP1203 Tra+ Sm Transconjugant 16/95 x K802N
aPlasmid content = pFRa, pPla, and pYV are the endogenous plasmids of Y. pestis (12).
bTra+ = self-transferable.
cSm = streptomycin resistance.
dNal = nalidixic acid resistance.
eRif = rifampicin resistance.

strains listed in Table 1. The isolate, biotype
Orientalis and ribotype Q, was obtained in 1995
in the Ampitana District of Madagascar from the
axillary bubo puncture of a 14-year-old boy before
antibiotic treatment. No recent history of travel
outside the village was noted. Dead rats were
found inside his house before the onset of the
disease. The patient was treated with twice a day
intramuscular injections of streptomycin (2 g per
day for 4 days) and oral trimethoprim-sulfamethox-
azole (2 g per day for 10 days) and recovered.

Media and Resistance Studies
Brain-heart infusion broth and agar (Difco

Laboratories, Detroit, MI) were used. The MICs
of antibiotics were determined on Mueller-
Hinton agar (Sanofi Diagnostics Pasteur, Marnes-
la-Coquette, France). The cultures were incu-
bated for 18 hours at 37°C for Escherichia coli
and for 48 hours at 28°C for Yersinia strains.
Aminoglycoside-modifying enzymes were as-
sayed by the phosphocellulose paper-binding
technique (13) in supernatants (centrifuged at
100,000 x g) after ultrasonic bacterial disintegra-
tion. Mating on filters was performed as
described previously (8). Transfer frequencies
were expressed as the number of transconjugants

per donor colony-forming unit after the mating
period. Antibiotic concentrations for selection
were 100 mg/L for ampicillin, 50 mg/L for
nalidixic acid, 100 mg/L for rifampicin, and 25
mg/L for streptomycin.

Nucleic Acid Techniques
Isolation of plasmid DNA, cleavage of

restriction fragments, and purification of DNA
fragments from agarose type VII (Sigma
Chemical Co., St. Louis, MO) were performed as
described elsewhere (14). Pulsed-field gel
electrophoresis was performed for 18 hours with
a CHEF-DRIII apparatus (Bio-Rad Laboratories,
Richmond, CA), by using an electric field of 6 V/
cm and an angle of 120°. Initial and final pulse
times were 0.1 second and 6 seconds, respectively.
Migration of the DNA fragments was performed
in 0.5X Tris-Borate-EDTA buffer in a 0.9%
agarose gel at 17°C. DNA sequencing reactions
were performed with a Taq BigDye Terminator
cycle sequencing kit (Applied Biosystems, Foster
City, CA) in a Perkin-Elmer 9700 thermocycler.
The samples were loaded onto 4% polyacrylamide
gels and electrophoresed on a Model ABI PRISM
377 automatic DNA sequencer (Perkin-Elmer,
Norwalk, CT). The nucleotide sequence of the
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Table 2. Conjugative transfer of pIP1203
Donor Recipient Frequency of transfer
Yersinia pestis 16/95 Y. pestis 6/69cN 3 x 10-1

Y. pseudotuberculosis IP32790cN 1 x 100

Y. enterocolitica IP864cN  <10-7

E. coli  K802N 2 x 10-5

Y. pestis 6/69cN (pIP1203) Y. pestis 6/69cNR 2 x 10-1

Y. pseudotuberculosis IP32790cNR 5 x 10-1

Y. pseudotuberculosis IP32790cN(pIP1203) Y. pestis 6/69cNR 3 x 10-2

Y. pseudotuberculosis IP32790cNR 2 x 10-2

E. coli  C600R  <10-7

Escherichia coli K802N (pIP1203) Y. pestis 6/69cNR 6 x 10-2

Y. pseudotuberculosis IP32790cN 1 x 10-3

E. coli C600R 1 x 10-5

Figure 1. Analysis of plasmid pIP1203. A) Agarose-gel
electrophoresis of EcoRV-digested plasmid DNA from
representative Yersinia pestis strain 6/69 (1) and from
streptomycin-resistant strain 16/95 (2). B) Pulsed-
field gel electrophoresis of pIP1203 DNA extracted
from Escherichia coli K802N transconjugant and
digested by EcoRV (1), EcoRI+EcoRV (2), and EcoRI
(3). The arrow indicates the extra large-size DNA
fragment in strain 16/95. The size of the molecular
weight markers in kilobases is indicated at the left of
the gels.

strA and strB genes and of flanking regions from
pIP1203 has been deposited in the EMBL data
bank under accession number AJ249779.

Results

Streptomycin Resistance in Y. pestis 16/95
Disk-agar diffusion tests showed that

Y. pestis 16/95 was resistant to streptomycin but
remained susceptible to spectinomycin and other
antibiotics, including those recommended for
plague therapy (chloramphenicol and tetracy-
cline) and prophylaxis (sulfonamides and tetra-
cycline) (4). The MICs of streptomycin and
spectinomycin for this strain were 1,024 mg/L
and 16 mg/L, respectively. High-level resistance
was due to the presence of a streptomycin
phosphotransferase activity. No adenylyl trans-
ferase activity was found (data not shown).

Transfer of Streptomycin Resistance
to Other Bacterial Species

Attempts were made to transfer streptomy-
cin resistance from Y. pestis 16/95 by conjugation
to recipient strains (MIC < 8 mg/L) (Table 2).
Transfer occurred at high frequencies (3 x 10-1

per donor CFU) to Y. pestis (MIC = 1,024 mg/L)
and Y. pseudotuberculosis (MIC = 256 mg/L) and
at lower frequencies to E. coli (MIC = 128 mg/L);
transfer to Y. enterocolitica was not detected.
Retransfer of streptomycin resistance from
Y. pestis and Y. pseudotuberculosis transconju-
gants to Y. pestis and Y. pseudotuberculosis also
occurred at high frequencies (3 x 10-2) and was
less efficient when E. coli was used as the
recipient strain.

Characterization of Plasmid pIP1203
Plasmid DNA was extracted from Y. pestis 6/

69 and 16/95 and digested by EcoRV (Figure 1A).
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The restriction fragments in strain 6/69 correspond
to those of the three Y. pestis resident plasmids,
pPla, pYV, and pFra (12). Comparison of the
restriction profiles of strains 6/69 and 16/95
revealed that the latter contained at least one
extra large-size EcoRV fragment corresponding
to an additional plasmid, designated pIP1203.
Upon transfer to E. coli, the size of pIP1203 was
estimated (after single and double digestion with
EcoRI and EcoRV) to be approximately 40 kb
(Figure 1B).

Plasmid pIP1203 was stable after 100
generations in Y. pestis 16/95 and E. coli K802N
(frequency of loss <0.25%). In experiments
performed by reciprocal conjugation to assess the
incompatibility group, pIP1203 exhibited strong
incompatibility with plasmid RP4 (data not
shown), which belongs to the IncP group. No
incompatibility with prototype plasmids of
incompatibility groups Inc FI, FII, I1, I2, N, 6-C,
7-M, 10-B-O, J, T, and W was observed (15).

Characterization of the
Streptomycin-Resistance Genes

To clone the streptomycin-resistant determi-
nant, DNA from plasmids pIP1203 and pUC18
was partially digested with Sau3AI and BamHI,
respectively, ligated, and introduced into E. coli
JM109 (MIC of streptomycin = 2 mg/L). The
smallest recombinant plasmid conferring

streptomycin resistance, pAT709, contained an
11-kb insert. The resistance determinant was
subcloned by introducing a 2.7-kb HincII
fragment of the 11-kb insert into pUC18, which
generated pAT710. This recombinant plasmid
conferred high levels of resistance to the new host
(MIC of streptomycin = 512 mg/L) by synthesis of
a streptomycin phosphotransferase. Sequence
determination of the insert in pAT710 revealed
that the base composition of this fragment was
57.5% G+C, much higher than the average G+C
content of the Y. pestis genome (46%) (16). Two
potentially coding sequences of 801 bp and 834 bp
identified in the insert were identical to the strA
and strB genes that encode an aminoglycoside 3"-
O-phosphotransferase [APH(3")-Ib] and a 6-O-
phosphotransferase [APH(6)-Id], respectively
(17). The str genes were originally described in
the small, nonconjugative, broad-host-range
IncQ plasmid RSF1010 (18). They have been
subsequently found as part of transposon
Tn5393 and related elements in phytopathogenic
Erwinia amylovora, Pseudomonas syringae pv.
papulans, and Xanthomonas campestris pv.
vesicatoria (19,20).

An 81-bp sequence identical to the inverted
terminal repeat (IR) of Tn5393 was identified
downstream from pIP1203 strA-strB genes
(Figure 2). This IR is always present at the same
position in the various genetic structures that

Figure 2. Genetic organization of the strA-strB genes. Schematic representation of the regions of Tn5393 and
derivatives and of plasmids RSF1010, and pIP1203 carrying the strA and strB genes. IR, inverted repeat; tnpA,
transposase; res, resolution site; tnpR, resolvase; IS1133 and IS6100, insertion sequences; korB and incC, genes
homologous to those involved in regulation and partition of plasmid R751, respectively; oriV, origin of vegetative
replication of R751. Direction of gene transcription is indicated by arrows.
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carry the str genes. Upstream from strA, the
sequence was identical to a portion of the tnpR
resolvase-repressor gene of Tn5393, Tn5393a,
and Tn5393b (20). The identity was interrupted
after 105 bp within the 3'-end of tnpR (Figure 2).
Like Tn5393a, pIP1203 possessed the TAG motif,
which represents a putative insertion target for
IS1133 (20).

The tnpR-strA-strB-IR region of pIP1203,
which displayed a Tn5393-like organization, was
flanked on both sides by sequences highly similar
to portions of the broad-host-range IncP plasmid
R751 (21). Upstream from the truncated tnpR
gene, there was identity with the 3'-end of the
incC2 and the 5'-end of the korB genes [positions
3396 to 3820 of plasmid R751, numbering
according to GenBank accession number U67194].
Downstream from the IR, identity was found
with a portion of plasmid R751 (positions 9796 to
9947, numbering according to GenBank acces-
sion number U67194), located in the vicinity of
the oriV vegetative origin of replication.

Discussion
Y. pestis strain 16/95, isolated in Madagascar

in 1995 from a human case of bubonic plague,
carried the self-transferable plasmid pIP1203
conferring resistance to streptomycin. The strain
of Y. pestis 17/95 harboring the multidrug-
resistance conjugative plasmid pIP1202 de-
scribed in 1997 (8) was also isolated in
Madagascar from a human case. However, the
two strains differ in several aspects: they were
isolated in two districts of Madagascar
(Ambalavao and Ampitana) that are 120 km (80
miles) apart; strain 17/95 is of the typical ribotype
B, whereas strain 16/95 is of the newly described,
Madagascar-specific, ribotype Q (22); plasmid
pIP1202 carries multiple antibiotic resistance
genes, belongs to the Inc6-C group, and is 150 kb
in size, whereas pIP1203 carries only the
streptomycin resistance determinants, belongs
to the IncP group, and is 40 kb in size; and
streptomycin resistance is due to adenylylation of
the drug in strain 17/95 and to phosphorylation in
strain 16/95. Therefore, the two resistant
Y. pestis isolated in Madagascar correspond to
distinct strains that have acquired different
conjugative plasmids.

The streptomycin resistance genes in pIP1203
are part of the tnpR-strA-strB-IR cluster
characteristic of the Tn5393 group of transposons.
This portion of the element is inserted in R751, a

broad-host-range plasmid belonging to the IncP
group. The sequences flanking the tnpR-strA-
strB-IR region in pIP1203 are separated by
approximately 6 kb in the original R751 backbone
(21). This organization suggests that insertion of
a Tn5393-like element was associated with
concomitant (or subsequent) loss of a region
involved in the control of plasmid stability.
Despite this deletion, pIP1203 appears to be
highly stable in both Y. pestis and E. coli.

IncP plasmids are promiscuous; therefore,
the original host of pIP1203 remains unknown.
However, since this plasmid was extremely
stable in Y. pestis 16/95, conferred high-level
resistance to streptomycin, and could transfer at
remarkably high frequencies to other strains of
Y. pestis, it is possible that pIP1203 was acquired
a long time ago and is now well adapted to this
bacterial species.

It is not known where genetic transfer of the
resistance plasmid took place. During its flea-
host-flea cycle, Y. pestis may have been in contact
with the donor cell, either in its mammalian host
(rodent or human) or the insect vector. In
mammals, Y. pestis circulates in a usually sterile
milieu (lymphatic vessels, spleen, liver, blood,
and sometimes lungs). Contact with the bacterial
donor and transfer of pIP1203 may have occurred
in the bloodstream at the premortem stage of
infection, when gut bacteria invade the host.
Alternatively, plasmid acquisition may have
taken place in the midgut of the flea, a nonsterile
environment where Y. pestis is most likely to be
in intimate contact with other microorganisms.

From a clinical and public health point of
view, this report is of great concern and indicates
that surveillance of antibiotic resistance in
Y. pestis should become systematic worldwide.
Streptomycin, an inexpensive, easy to use, and
highly effective drug against Y. pestis, represents
the therapy of choice for plague in Madagascar.
Spread of plasmids pIP1202 and pIP1203 among
strains of Y. pestis would render streptomycin
ineffective for plague treatment and could create
economic and therapeutic problems in Madagas-
car and other countries with endemic plague foci.
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The coccidian parasite Cryptosporidium is
now recognized as a major cause of waterborne
diarrheal disease worldwide (1,2). The exact
modes of transmission, however, are often
unclear, and the relative importance of foreign
travel; consumption of foods, beverages, or water;
person-to-person transmission; and infected
animals in disease transmission remain to be
ascertained (1,2).

Characterization of Cryptosporidium par-
vum by phenotypic and genotypic methods (3-9)
has identified two major types associated with
human infection: one exclusively from humans
and a single nonhuman primate (genotype 1 or
human type) and a second in livestock as well as
humans (genotype 2 or calf type). Experimental
infection of both calves and mice was successful
with genotype 2 but not with genotype 1 (4).
Polymorphic genes that identify these genotypes
include the Cryptosporidium oocyst wall protein
(COWP) gene (5), the thrombospondin-related
adhesive proteins Cryptosporidium-1 (TRAP-C1
[6]), and Cryptosporidium-2 (TRAP-C2 [4]).
These observations concerning the two genotypes
of C. parvum may reflect the epidemiology of two
parasites with distinct and exclusive transmission
cycles (4,9) and may represent two species (8).

We have described the identification by
polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) of a single
human isolate with an unusual COWP genotype,
designated genotype 3 (10). Several Cryptospo-
ridium species are associated with human
disease, including C. felis, C. meleagridis, and an
as-yet-unnamed species designated the dog type
(11,12). DNA sequencing of multiple genes from
six human isolates of COWP genotype 3 indicates
that separate species status is justified; its 18S
rDNA sequences are identical to those of
C. meleagridis (13). Since the host range of the
various Cryptosporidium species and C. parvum
genotypes infectious to humans differs, their
epidemiology is also likely to differ.

We have described a simple DNA extraction
method from whole feces, suitable for amplifica-
tion of Cryptosporidium DNA, and have applied
it to 397 cryptosporidiosis cases, including
sporadic human and animal cases as well as cases
from two large waterborne outbreaks (8,10). In
218 sporadic human cases, DNA could not be
amplified from 9% of samples for genotyping by
PCR-RFLP analysis of the COWP gene (5,8),
despite amplification of 18S rDNA fragments or
detection of oocysts by microscopy. The purposes
of this study were to develop sensitive methods
for identifying Cryptosporidium genotypes in
DNA extracted from whole feces and to assess the
application of these techniques to large numbers
of samples.
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We developed a sensitive nested polymerase chain reaction procedure for the
Cryptosporidium oocyst wall protein (COWP) gene. Amplification and genotyping were
successful in 95.2% of 1,680 fecal samples, 77.6% by the unnested and 17.6% by the
nested COWP procedure. The COWP gene was amplified from 2,128 fecal samples: 71
from livestock animals and 2,057 from humans. This series included 706 cases from
seven drinking water-associated outbreaks and 51 cases from five swimming pool-
associated outbreaks, as well as 1,300 sporadic cases.
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Materials and Methods

Fecal Samples, Oocyst Disruption,
and DNA Extraction

Whole feces were collected from naturally
infected humans and livestock animals; the
samples contained Cryptosporidium oocysts
morphologically indistinguishable from C. parvum
by light microscopy (8,14). One sample of feces
from a sheep experimentally infected with a
standard (Moredun) strain originally of cervine
origin (15) was included. Human feces were also
tested in which no Cryptosporidium was detected
but Cyclospora oocysts or Giardia cysts were
detected by conventional techniques. All speci-
mens were stored at 4°C without preservatives.
Oocyst disruption and DNA purification were
performed (8).

Staining and Light Microscopy
Samples were reexamined by light micros-

copy after being stained by the modified Ziehl-
Neelsen (MZN) acid-fast method (14) and the
immunofluorescence (IF) method (8) with an
anti-Cryptosporidium-oocyst monoclonal anti-
body designated MAB-C1 (16).

PCR-RFLP analysis
PCR of two 18S rDNA fragments (reaction 1

[8,17] and reaction 2 [18]), COWP (5), TRAP-C1
(6), and TRAP-C2 (4) gene fragments, as well as
restriction digestion with RsaI for the COWP and
TRAP-C1 genes, was performed. The 18S rDNA
reaction 2 (18) was modified as described by
Bornay-Llinares et al. (19) to include 4 mM
MgCl2, with a program cycle of 95°C for 5 min, 45
cycles of 94°C for 30 sec, 65°C for 30 sec, and 72°C
for 1 min, followed by a final extension at 72°C for
9 min.

For the nested-COWP procedure (N-COWP),
a 769-bp fragment of the COWP gene was
amplified with primers BCOWPF (5'-ACCGCT
TCTCAACAACCATCTTGTCCTC-3') and
BCOWPR (5'-CGCACCTGTTCCCACTCAATGTA
AACCC-3'), which encompasses the 553-bp
fragment (5). Primers BCOWPNF and BCOWPNR
were designed by using the PRIME program in
the Genetics Computer Group Wisconsin pack-
age (Madison, WI). PCR amplification was
performed in 25-µl volumes with 2.5 µl of DNA in
1x PCR buffer, 1.5 mM MgCl2, 250 µM of each
dNTP, 10 pmoles of each primer, and 1.25 units of
Taq DNA polymerase. Samples were subjected to

30 cycles of 94°C for 1 min, 65°C for 1 min, and
72°C for 1 min, followed by a final extension at
72°C for 10 min. This single reaction is referred to
as the extended-COWP (E-COWP) reaction. For
the N-COWP procedure, a 553-bp gene fragment
was then amplified from 2.5 µl of the E-COWP
material as described (5), except that each primer
(Cry9 and Cry15) was used at 10 pmoles. Positive
and negative controls for all PCR procedures
were included at all stages and for all batches.

For the N-COWP, E-COWP, COWP, 18S
rDNA 1, 18S rDNA 2, TRAP-C1, and TRAP-C2
gene fragments, 5-µl aliquots of the PCR
products were analyzed by electrophoresis in 1%
agarose-ethidium bromide gels. RsaI digestion of
N-COWP, COWP, and TRAP-C1 fragments was
resolved by electrophoresis in 3.2% typing-grade
agarose gels containing ethidium bromide. All
gels were recorded by using UV transillumina-
tion and Polaroid Type 667 film.

DNA Sequencing
PCR products were purified in Microspin S-

400 HR (Pharmacia Biotech, St. Albans, UK) and
cloned by using the TOPO-TA Cloning kit
(Invitrogen, Groningen, the Netherlands). Plas-
mid DNA was purified by using the Promega
Wizard SV kit (Promega, Madison, WI), and
clones were sequenced on an ABI377 automated
sequencer with BigDye terminator chemistry
with the M13(-21) primer at the Single Reaction
DNA Sequencing Service (Cambridge Bioscience
Ltd., Cambridge, UK). Sequences were analyzed
with the Genetics Computer Group (GCG)
program package (University of Wisconsin,
Madison, WI).

Results

Nested COWP Procedure
Analysis of the published genotype 2 COWP

gene sequence (GenBank accession numbers
Z22537) led to design of two primers (BCOWPF
and BCOWPR) to amplify a predicted E-COWP
769-bp fragment, which includes the 553-bp
fragment amplified by the previously described
Cry15/Cry9 primers (5). Appropriately sized
fragments were generated by using the BCOWPF
and BCOWPR primer pair from DNA extracted
from human fecal samples containing
Cryptosporidium genotypes 1, 2, and 3. The three
respective amplicons were cloned and sequenced;
the sequences are available from GenBank:
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accession numbers af248741 (genotype 1),
af248743 (genotype 2), and af248742 (genotype
3). Identical sequences were obtained from the
genotype 2 sequence (accession number Z22537),
with the exception of the insertion of three
nucleotides.

The N-COWP amplification procedure for the
553-bp COWP fragment from the 769-bp E-
COWP amplicon was developed and initially
assessed by using 76 DNA samples extracted
from whole human feces, which had been
genotyped by using the COWP reaction. Identical
results were obtained by the COWP and
N-COWP procedures: 28 were genotype 1, 34
genotype 2, and 5 genotype 3; both genotypes 1
and 2 were recovered from nine samples. No
amplicons were detected by the N-COWP
procedure with DNA extracted from Toxoplasma
gondii tachyzoites (two samples), Eimeria tenella

oocysts (two samples), and feces containing
either Cyclospora oocysts (10 samples) or
Giardia cysts (11 samples).

N-COWP by Different PCR Procedures
To assess the sensitivity of PCR procedures

for the N-COWP reaction, amplification of DNA
was compared with that from the E-COWP,
COWP, TRAP-C1, and TRAP-C2, as well as the
two 18S rDNA reactions. DNA samples prepared
from whole feces were decimally diluted in water
to 10-4, and each dilution was tested by all
procedures. Samples were prepared from human
feces containing genotypes 1, 2, or 3 and from
ovine feces (Moredun strain) containing genotype
2 (Table 1).

The N-COWP reaction strongly amplified
DNA from all samples to a dilution of 10-3, with
the exception of the genotype 3 sample, in which

Table 1. Sensitivities of different polymerase chain reaction procedures for Cryptosporidium gene sequences

Dilutions of PCR procedurea

DNA sample N-COWP E-COWP COWP TRAP-C1 TRAP-C2 18S rDNA 1 18s rDNA 2
Human, genotype 1
Undiluted +++b ++ ++ ++ ++ ++ ++
10-1 +++ ++ ++ ++ ++ ++ ++
10-2 +++ + ++ — + + ++
10-3 +++ — — — — + ++
10-4 — — — — — — —
Human, genotype 2
Undiluted +++ ++ ++ ++ ++ ++ ++
10-1 +++ + ++ + — ++ ++
10-2 +++ — + + — + ++
10-3 +++ — — — — ± ±
10-4 — — — — — — —
Human, genotype 3
  (Cryptosporidium
  meleagridis)
Undiluted +++ + + + — + ++
10-1 +++ ± — — — + ±
10-2 +++ — — — — — —
10-3 — — — — — — —
10-4 — — — — — — —
Ovine, genotype 2
  (Moredun strain)
Undiluted +++ ++ ++ ++ ++ ++ ++
10-1 +++ + ++ + + ++ ++
10-2 +++ ± ± — — + ++
10-3 +++ — — — — — ±
10-4 — — — — — — —
aPolymerase chain reaction (PCR) procedures used for gene fragments: N-COWP = nested Cryptosporidium oocyst wall protein
gene (553 bp, this study); E-COWP = extended COWP (769 bp, this study); COWP = unnested procedure (553 bp, 5); TRAP-C1
= thrombospondin-related adhesive protein Cryptosporidium 1 (506 bp, 6); TRAP-C2 = thrombospondin-related adhesive
protein Cryptosporidium 2 (369 bp, 4); 18S rDNA 1 (422 bp, 8,17); 18S rDNA 2 (435 bp, 18).
bSemiquantitative results on the basis of strength of ethidium bromide staining in electrophoresis gels: strong (+++), moderate
(++), weak (+), very weak (±), and amplification not detected(—).
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amplification was achieved only up to 10-2 (Table
1). The two 18S rDNA procedures moderately
amplified DNA to 10-3, with the exception of
genotype 3, which gave only a weak reaction in
the undiluted sample. The three PCRs used for
genotyping (COWP, TRAP-C1, and TRAP-C2) all
gave weaker signals than the N-COWP proce-
dure, and product was sufficient for restriction
enzyme digestion undiluted or at 10-1, except for
genotype 3, in which there was insufficient
amplification with all reactions, and COWP, in
which there was sufficient amplification from the
sample containing genotype 1 to perform
genotyping at the 10-2 dilution (Table 1).

Assessment of N-COWP Procedure
DNA was extracted from 1,680 fecal samples

in which hospital laboratories had reported
detection of Cryptosporidium oocysts by conven-
tional procedures; these samples were from
patients with diarrhea diagnosed in England,
Northern Ireland, or Scotland during 1998-99.
All samples were tested by the unnested COWP
procedure, and those in which no amplicons were
detected were retested by N-COWP. Samples
were reexamined by microscopy if no amplifica-
tion was detected by either COWP and N-COWP
(except for two samples for which there was
insufficient material) and a selection of other
samples: overall, 475 (28%) and 397 (24%) of
samples were retested by IF and MZN,
respectively. Amplification and genotyping were
successful in 95.2% of the samples, 77.6% by
COWP and 17.6% by N-COWP (Table 2). Of the
43 samples in which no oocysts were detected, all
were negative by COWP, N-COWP, and 18S
rDNA-1 PCR. DNA was amplified from two of the
43 microscopy-negative samples by the 18S

rDNA-2 reaction. Five of these microscopy-
negative samples did not amplify DNA when
tested with TRAP-C1.

Of the 35 COWP- and N-COWP-negative
samples in which oocysts were detected after
reexamination (Table 2), DNA was amplified
from 11 (31%) by either 18S rDNA amplifications:
three and four samples by 18S rDNA reactions 1
and 2, respectively, and four samples by both 18S
rDNA amplifications.

Of the 1,600 samples in which DNA was
amplified by either  COWP or N-COWP (Table 2),
731, 209, and 210 were also tested by 18S rDNA
reaction 1, 18S rDNA reaction 2, and TRAP-C2,
respectively. DNA was amplified from 627 (86%),
166 (79%), and 138 (66%) by 18S rDNA reaction 1,
18S rDNA reaction 2, and TRAP-C2, respectively.
Identical genotyping results were obtained by
COWP/N-COWP and Rsa1 digestion of the
TRAP-C1 fragment in all 138 samples in which
amplification of the latter DNA fragment was
achieved: 55 were genotype 1 and 83 genotype 2.
The proportions of genotype 1 and genotype 2
amplifications were similar by COWP or
N-COWP; however, there was a greater than
tenfold increase in the proportions of both mixed
genotypes 1 and 2 and genotype 3 detection by N-
COWP (Table 2).

COWP and N-COWP and Epidemiologic Studies
The COWP gene was amplified from 2,128

cryptosporidiosis cases: 71 from livestock ani-
mals and 2,057 from humans (Table 3). Among
the samples from humans, a genotype was
established by N-COWP but not by COWP in 476
(23.1%) of 2,057, 253 (35.8%) of 706, 13 (25.5%) of
51, and 210 (16.2%) of 1,300 of all samples, and
those collected from drinking waterborne

Table 2. Cryptosporidium oocyst wall protein (COWP) gene analysis of DNA extracted from 1,680 human fecal samples

    No. of COWP genotypes
PCR amplication procedure samples (%) 1 2 1 & 2 3
COWP gene fragment amplified
  Unnested 1,304 (77.6) 381 917 2   4
  Nesteda   296 (17.6)   81 198 7 10
COWP gene fragment not amplifiedb

  Oocysts detected by microscopy     35 (2.1)
  Microscopy not reconfirmedc       2 (0.1)
  Oocysts not reconfirmed by microscopy     43 (2.6)
aAll samples previously negative by unnested procedure.
bBy both unnested and nested procedures.
cInsufficient material available.
PCR = Polymerase chain reaction.
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outbreaks, swimming-pool outbreaks, and spo-
radic cases, respectively. Of samples from
livestock animals, 10 (14.1%) of 71 genotypes
were established by N-COWP but not COWP.
Genotype 1 was found in 38.6% of the human
samples, genotype 2 in 59.6%, both genotype 1
and 2 were detected in 1.0%, and genotype 3
(C. meleagridis) in 0.7%.

Genotyping results were obtained from 706
patients infected during seven drinking water-
associated outbreaks: genotype 1 was predomi-
nantly recovered from patients in outbreaks 1 to
4, and genotype 2 from most of the patients in
outbreaks 5 to 7 (Table 3). Genotyping results
were obtained from 51 patients during five
swimming pool-associated outbreaks (Table 3).
Two of these outbreaks (8 and 10) were due to a
single genotype, and the remaining three (9, 11,
and 12) involved both genotypes 1 and 2 (Table 3).
Two samples from swimming pool outbreak 6,
which were from a single patient, yielded
genotype 1 at first and both genotypes 1 and 2 six
days later. Of 1,300 sporadic cases, 34.0% were
genotype 1, 64.1% genotype 2, 1% were both
genotypes 1 and 2, and 9% were genotype 3
(C. meleagridis).

Conclusions
Human cryptosporidiosis has multiple poten-

tial host reservoirs of infection and multiple

routes of transmission (1,2). Molecular biologic
methods have allowed identification of two major
genotypes within C. parvum (the principal
infectious agent for human cryptosporidiosis)
with two transmission cycles. The application of
genotyping techniques may therefore provide a
better understanding of the epidemiology of
cryptosporidiosis, including different routes of
transmission.

Epidemiologic studies of cryptosporidiosis
have incorporated results from genotyping
C. parvum (4,26-29), although these have been
applied to relatively few samples. For example,
among the estimated 400,000 cases associated
with the 1993 waterborne outbreak in Milwaukee
(30), genotyping data are available for five
patients (all genotype 1 [4,26]). However,
C. parvum genotype 1 was implicated in
outbreaks associated with drinking and food, as
well as person-to-person transmission in a day-
care center and attendance at a water park (4,26-
29). C. parvum genotype 2 was also associated
with waterborne outbreaks, contaminated apple
juice, and contact with cows (4,26,27). To
investigate the epidemiology of cryptosporidiosis,
we have described simple methods for the
extraction of cryptosporidium DNA from whole
feces and applied genotyping techniques to
several hundred samples (8,10). We applied these
techniques, together with the development and

Table 3. Cryptosporidium oocyst wall protein (COWP) gene analysis of DNA from 2,057 humans and 71 livestock animals

COWP genotypes
1 2 1 & 2 3 Reference

Humans
  2,057 cases 795 1,227 20 15 This study
Drinking water-associated outbreaks
    1 140       2   3   0     20,21
    2 158     14   1   1        22
    3     4       0   0   0        20
    4   15       0   0   0        23
    5     0       6   0   0        24
    6     0     25   0   0        24
    7     4   331   0   2        24
Swimming pool-associated outbreaks
    8     3       0   0   0        24
    9     6       3   0   0        25
  10     0     10   0   0        25
  11     9       1   3   0        25
  12   14       2   0   0        25
Sporadic human cases 442   833 13 12 8, this study
Livestock animals
  Calves, lambs     0     71   0   0 This study
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application of a sensitive PCR protocol (N-COWP),
to >2,000 samples. Our techniques are less labor
intensive than other methods (11,26,27) and
allow analysis of large numbers of samples: we
estimate that 1,000 samples can be extracted and
genotyped within 6 months by one scientist
working full time.

The N-COWP genotyping protocol is more
sensitive than three unnested procedures
(COWP, TRAP-C1, and TRAP-C2) also used for
genotyping. The higher copy number of the 18S
rDNA genes means that PCR procedures for
these are likely to be more sensitive than those
for the COWP, TRAP-C1, and TRAP-C2 gene
sequences, and our data are consistent with this
observation: the 18S rDNA genes occur as five
copies (31), but the COWP, TRAP-C1 and TRAP-
C2 genes occur as single copies per genome (32).
Nested procedures for a single copy gene (the
dihydrofolate reductase gene) and 18S rDNA
genes were most sensitive when 11 PCR
techniques for genotyping of Cryptosporidium
were compared, although these studies were
performed on DNA extracted from four
semipurified oocyst suspensions (33).

One of the 18S rDNA amplifications reported
elsewhere for genotyping (33) also amplified
DNA from different Cryptosporidium species.
However, Sulaiman and colleagues (33) reported
that a COWP gene can be amplified from
C. serpentis and C. muris (although the PCR
products were faint) and that these are distinct
from C. parvum. C. wrairi (5) and C. meleagridis
(34) can be distinguished by PCR-RFLP analysis.
We also reported that a single base mismatch (T
to C substitution) occurs in the Cry9 COWP
primer annealing region in genotype 3
(C. meleagridis) (13), which may account for the
increased efficiency in amplification with the N-
COWP procedure, as well as the faint amplifica-
tions reported for C. serpentis and C. muris (33).
We are investigating the use of our extraction
and PCR protocols described for identification of
Cryptosporidium species, especially in samples
that did not amplify COWP sequences but did
amplify cryptosporidium 18S rDNA and in which
oocysts were detected by microscopy.

A diagnosis of cryptosporidiosis can be
established by examination of stained fecal
smears prepared either directly from feces or
after concentration (flotation) procedures (14).
Although symptomatic cryptosporidiosis in hu-
mans is generally associated with large numbers

of oocysts in the feces, infections occur in which
oocysts cannot be detected by microscopy (14,35).
Our DNA extraction method is based on whole
feces; therefore, target DNA may be derived not
only from oocysts, but also from other stages in
the life cycle of this parasite. However, as found
in experiments seeding DNA into feces, oocysts
are the most likely source of DNA and the
estimated sensitivity of the N-COWP reaction is
equivalent to <500 oocysts/g of feces (Pedraza-
Díaz et al., unpub data). Future studies will
examine specimens from patients with diarrhea
due to Cryptosporidium (and other intestinal
pathogens) to establish the true sensitivity of this
method for patient samples without detectable
oocysts. Failure to detect oocysts may result from
degradation of both oocysts and DNA, although
DNA has been isolated and successfully
amplified from whole fecal samples stored at 4ºC
for >5 years (8).

The N-COWP procedure detected a higher
proportion of samples containing both genotypes
1 and 2. Further DNA sequence-based analysis
indicates that these are true dual infections, not
infections due to recombination within C. parvum
(Pedraza-Díaz et al., unpub data). The increased
rate of mixed infections identified by the N-
COWP procedure is consistent with our data
suggesting that the two genotypes may occur in
feces at differing concentrations (8). Previously
undetectable mixtures of genotypes may also
explain apparent genetic changes due to selective
growth as a result of host specificity after passage
through different animals (7,36).

In this large series of cryptosporidiosis cases,
all samples from livestock yielded genotype 2,
consistent with previous results (9). Of >2,000
samples from humans, 38.6% were due to
genotype 1, 59.6% to genotype 2, both genotypes 1
and 2 were recovered from 1%, and 0.7% were due
to genotype 3 (C. meleagridis). There are
relatively few comparative data analyzing larger
series from humans, although Sulaiman et al.
(26) reported that of 50 human cases, 82% were
due to genotype 1 and 18% to genotype 2. These
results with respect to the proportions of the
C. parvum genotypes 1 and 2 differed markedly
from our data for the United Kingdom; however,
further results showed marked seasonal and
geographic differences (34).

Data are presented here on 709 patients
infected during seven drinking-waterborne
outbreaks (51% of the microbiologically confirmed
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cases). Four of the outbreaks were almost
exclusively due to genotype 1 and three to
genotype 2. Data from field epidemiologic
observations (23,24) suggest that contamination
of water by sheep feces was involved in the three
outbreaks due to genotype 2. All outbreaks
occurred in the spring when lambing (as well as
outbreaks of cryptosporidiosis in sheep) occurs
most commonly in the United Kingdom (37). In
contrast, the likely source of C. parvum in the
four drinking-waterborne outbreaks predomi-
nantly due to genotype 1 was by contamination
with human sewage; these occurred throughout
the year. Outbreaks 1 and 2 occurred after heavy
rain (20-22), and untreated sewage overflowing
from storm drains may be a contributing factor.

Among the five outbreaks associated with
swimming pools, one was due to genotype 1, one
to genotype 2, and the remaining three to both
genotypes 1 and 2. Outbreaks in swimming pools
may be associated with fecal contamination from
a single infected person (especially in toddler
pools), so that a single genotype is recovered from
the patients. However, outbreaks may also be due
to more general problems such as contamination
with sewage, poor disinfection, or inadequate
maintenance of filtration equipment (25).

Our data on 1,300 sporadic cases, as well as
further epidemiologic analysis (34), indicate that
patients reporting contact with animals or farms
were almost all infected by genotype 2; the spring
peak in cases was almost exclusively due to
genotype 2; genotype 1 was significantly more
common in patients infected during the late
summer-autumn peak and in those with a history
of foreign travel; and there were distinct
geographic variations in the distribution of the
genotypes.

In summary, we described methods for the
analysis of Cryptosporidium genotypes and
demonstrated their application to a large series
of samples. These approaches, together with the
development of more discriminatory typing
methods (28), should increase understanding of
the epidemiology of cryptosporidiosis. Methods of
improved sensitivity, such as those described
here, will also be invaluable in detection and
genotyping of Cryptosporidium in environmen-
tal samples.
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Approximately 325,000 surgical site infec-
tions occur each year in the United States,
generating additional hospital costs in excess of
$1 billion (1,2). Surgical site infection is also a
major cause of increased hospital stay and death
(3-6). Surgical site infection rates are an
established measure of quality of clinical care
(2,7), and reliable surveillance data are the
foundation of effective infection control pro-
grams. However, to interpret surgical site
infection surveillance rates, an effective risk
adjustment system is needed. The National
Nosocomial Infections Surveillance (NNIS)
program uses a risk adjustment system for
surgical site infection that includes three equally
weighted variables: wound class, procedure
duration, and the American Society of Anesthesi-
ologists (ASA) score (8). The ASA score, a
preoperative rating assigned to each patient, is
a measure of the patient’s general health status
and coexisting conditions (9). Scores range
from 1, representing a healthy person, to 5,

representing a patient not expected to survive
longer than 24 hours. The NNIS risk index
assigns one point to patients with an ASA score
>3. The ASA score is the only marker of
coexisting conditions in the NNIS risk index.

Although the ASA score predicts surgical site
infection, length of hospital stay, and risk for
death (9-11), it is limited as a risk adjustment
measure because of its subjectivity and poor
inter-rater reliability (12-14). In a study in which
304 anesthesiologists assigned ASA scores to 10
hypothetical patients, the mean number of
patients rated identically by the expert panel was
5.9 (13). The range of ASA scores is limited to five
potential values; furthermore, there is often
limited variation among patients undergoing
similar procedures. Finally, the ASA score is not
always available or easily accessible. It is
typically not assigned for outpatient surgical
procedures or procedures not attended by an
anesthesiologist. An alternative rating system
for coexisting diseases that does not have these
limitations is needed.

A supplemental or alternative measure of a
patient’s underlying risk for surgical site
infection is the chronic disease score, a measure
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The system used by the National Nosocomial Infection Surveillance (NNIS)
program to measure risk of surgical site infection uses a score of  3 on the American
Society of Anesthesiologists (ASA)-physical status scale as a measure of underlying
illness. The chronic disease score measures health status as a function of age, sex, and
29 chronic diseases, inferred from dispensing of prescription drugs. We studied the
relationship between the chronic disease score and surgical site infection and whether
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patients with surgical site infection and 378 uninfected controls, the chronic disease
score and ASA score were highly correlated. The chronic disease score improved
prediction of infection by the NNIS risk index and augmented the ASA score for risk
adjustment.
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that predicts death, hospitalization, and use of
health resources (15-17). For an individual
patient, the chronic disease score is derived from
the patient’s age, sex, and presence or absence of
each of 29 chronic diseases, which are inferred
from ambulatory pharmacy dispensing records
for the preceding 6 or 12 months.

We studied the relationships between
surgical site infection and the chronic disease
score and ASA score and evaluated whether the
chronic disease score might improve or augment
the NNIS risk index for surgical site infection.

Methods

Study Design
This nested case-control study involved cases

of surgical site infection confirmed within 30 days
after surgery, as well as individually matched
controls. The study population was drawn from
two patient cohorts (18,19) for which postopera-
tive infection status and risk factors had been
rigorously established. Data sources and meth-
ods of identifying surgical site infections have
been described (18,19). We identified all adult
members of the staff model component of
Harvard Pilgrim Health Care (a mixed-model
health maintenance organization) who under-
went nonobstetric surgeries at Brigham and
Women’s Hospital from February 14, 1992,
through March 6, 1993, and from May 19, 1997,
through October 29, 1998. More than one surgery
could be included for the same patient. Surgeries
were excluded from analysis if they were
performed on the same anatomic site within 3
months of prior surgery, on different sites but <1
month apart, or with infection as the indication
for surgery. Patients were continuous members
of the health-care plan for the 6 months before
surgery and had prescription drug benefits. The
NNIS classification system was used to catego-
rize procedures on the basis of the International
Classification of Diseases, 9th Edition (ICD-9)
code (20). Surgical site infections occurring in the
hospital or after discharge were identified by
screening automated claims and electronic
medical record data (18,19) and were confirmed
by chart review according to NNIS criteria.

Controls were selected from patients who did
not have a surgical site infection. Two controls
were matched to each case from procedures
performed within the following 6 weeks. In
selecting controls, the greatest weight was given

to matching procedure type (ICD-9 code, NNIS
procedure, or NNIS procedure group), then to
sex, age, and duration of procedure. The chronic
disease score was calculated on the basis of
prescriptions dispensed for the 6 months before
surgery, available from an automated pharmacy
record that captures essentially all pharmacy
dispensing for health-plan members (17).
Chronic disease scores have been reported on the
basis of 6 or 12 months of pharmacy dispensing
data. For this study, we used data from the 6
months before each patient’s surgery, to
minimize the number of exclusions caused by
incomplete data. We used weights for disease
classes derived for 12 months of data, because
these provided a more current assessment of the
importance of disease classes and because our
emphasis was on the relative ranking of infected
and uninfected patients, rather than on absolute
risk prediction. We also computed the admission
chronic disease score (a variant of the chronic
disease score based solely on hospital pharmacy
dispensing activity on the day of admission) by
using an automated hospital database that
captures all medications dispensed to hospital-
ized patients.

The ASA score, type of anesthesia adminis-
tered, and emergency nature of the operative
procedure were obtained by chart review. A
procedure was considered an emergency if it was
coded as such by the surgeon on the postoperative
surgical summary sheets. Age, sex, procedure
type, procedure duration, and wound class were
obtained from automated databases.

Data Analysis
The chronic disease score was studied as a

continuous, ordinal, and dichotomous predictor.
As an ordinal predictor, the score was divided
into quartiles. All quartiles were entered into a
conditional logistic regression model. The effects
were plotted to determine if they had increased in
a linear fashion.

Choosing a breakpoint to create a dichoto-
mous chronic disease score variable was
problematic because of the overfitting that would
be introduced if the breakpoint were based on the
result of a single conditional logistic regression
model. Therefore, we generated 500 bootstrap
samples, each the same size as the entire dataset,
and selected by resampling from our entire
dataset. Then, using conditional logistic regres-
sion to select among 50 candidate breakpoints
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after the data were controlled for age, sex,
duration of surgery, and emergency surgery, we
arrived at the best chronic disease score for each
of the samples. A forward selection process was
used to build the models; this process selected the
chronic disease score, by producing 500 break-
point values, of which the median value was
chosen (21,22). In addition, the distribution of the
500 values was used to assess the stability and
robustness of the final breakpoint. To determine
a breakpoint for the admission chronic disease
score, we followed the same procedure, except
logistic regression was used rather than
conditional logistic regression.

The ASA score was evaluated as both a 5-
level ordinal variable, with values of 1,2,3,4, and
5, and as a dichotomous variable (ASA  >3 and
ASA <3, corresponding to the NNIS scoring
system). The unadjusted relationship between
chronic disease score and surgical site infection
was analyzed by paired t test. All other analyses
of the relationships between the chronic disease
score and surgical site infection and between
ASA and surgical site infection were performed
by using conditional logistic regression. The
unadjusted relationships between the admission
chronic disease score and surgical site infection
were analyzed with the Wilcoxon rank sum test
and Fisher’s exact test, because the cases of
infection and their controls were no longer
paired. Missing ASA scores (they were typically
not available for ambulatory surgery procedures)
were coded as dummy variables. Univariate
relationships between other dichotomous vari-
ables and surgical site infection were analyzed
with Cochran-Mantel-Haenszel summary statis-
tics (for matched data) or Fisher’s exact test (for
unmatched data).

Relationships between continuous and ordi-
nal variables were analyzed by conditional
logistic regression for matched data and by
Student’s t test, Wilcoxon rank sum test, or
logistic regression for unmatched data. The
linearity assumption for continuous and ordinal
predictors was examined in the same way as for
the continuous chronic disease score. The
relationships between the chronic disease score,
the admission chronic disease score, and the ASA
score were analyzed by Spearman correlation.
For matched data, multivariate analyses assess-
ing surgical site infection as the outcome were
performed by conditional logistic regression. The
following variables were included in the matched

multivariate models: the chronic disease score,
ASA score, type of anesthesia, emergency pro-
cedure vs. regular procedure, procedure dura-
tion, and wound class. The ability of these models
to discriminate between infected and uninfected
patients was compared by chi-square test to
analyze differences in -2 log likelihood values.

Interaction terms between the chronic
disease score and all other variables in the final
model were evaluated and retained if they were
statistically significant (p<0.05). For the un-
matched analysis involving the admission
chronic disease score, logistic regression was
used. The following variables were included in
the multivariate models: the admission chronic
disease score, ASA score, sex, age, type of
anesthesia, emergency procedure vs. regular
procedure, procedure duration, and wound class.
These regression models were analyzed for
overfitting by the bootstrap method (1,000
bootstrap samples chosen as described).

An NNIS risk index score was calculated for
each patient by assigning one point each for a
contaminated wound, an ASA score >3, and
surgical procedures lasting longer than the
NNIS-derived 75th percentile for the duration of
the procedure (23). Patients without an assigned
ASA score were assumed to have a score <3,
because more than two thirds of these surgeries
were performed as outpatient procedures.

Two variant scores were also computed; in
one of these, a chronic disease score  >5,000 was
substituted for ASA score  >3, and in the other, a
point was added to the NNIS score for a chronic
disease score >5,000. The ability of these three
scores to discriminate between infected and
uninfected patients was compared by using
unconditional logistic regression and the chi-
square test to analyze differences in -2 log
likelihood values. Unconditional regression was
used to reduce the impact of our original selection
process for uninfected controls. That process was
influenced by procedure type and duration, both
of which are part of the NNIS risk score. Analyses
were performed with SAS software (SAS
Institute, Cary, NC), system for Windows, v6.12).

Results
The source population for cases and controls

was 9,037 patients who underwent 10,457
operative procedures. One hundred ninety-six
confirmed surgical site infections were identified
(infection rate 2.1%), and 392 matched controls
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Table 1. Characteristics of the study population

Variable Cases (n=191) Controls (n=372) p value   Odds ratio (95% CI)
Mean age (yrs)     51.2     51.5   NA          NA
Male sex (%)     91 (47.6)   182 (48.9)   NA          NA
NNIS wound class, con-       8 (4.2)     13 (3.5)   NA          NA
  taminated or infected (%)
Surgical   NA          NA
  speciality (%)
   General     54 (28.3)   107 (28.8)
   Cardiac     41 (21.5)     78 (21.0)
   Orthopedic     31 (16.2)     63 (16.9)
   Plastic     17 (8.9)     30 (8.1)
   Urologic     14 (7.3)     27 (7.3)
   Vascular     10 (5.2)     19 (5.1)
   Gynecologic       5 (2.6)     10 (2.7)
   Neurosurgical       4 (2.1)       8 (2.2)
   Other     15 (7.9)     30  (7.8)
General anesthesia (%)   132 (69.1)   222 (59.7)   0.004 2.19 (1.29,3.72)
Duration of surgery,   105 (55-211)     83 (40-154) <0.001a 1.75 (1.34,2,29)a

  minutes (IQR)
Emergent     11 (5.8)     10 (2.7)   0.07 2.21 (0.94,5.21)
  procedure (%)
ASA score (%)   0.002b 2.0   (1.4, 2.9)b

Missing     30 (15.7)     80 (21.5)
1     32 (16.8)     83 (22.3)
2     62 (32.5)   130 (34.9)
3     59 (30.9)     74 (19.9)
4       8 (4.2)       5 (1.4)
5       0       0
Chronic disease score
Median (IQR) 2,219 (1,101-5,673) 1,641 (809-3,588)   0.09          NA
aValues are for duration as a 6-level ordinal variable. Risk is per-unit increase in duration category.
bASA as a four-level ordinal variable, excluding missing values. Risk is per-unit increase in ASA category, missing values
excluded.
OR = odds ratio.
ASA = American Society of Anesthesiologists physical status scale;  IQR = Interquartile range.

were selected. Drug dispensing data for the full 6
months before surgery were not available for 15
patients (5 cases and 10 controls), who were
therefore excluded. If a case was excluded, its
matched controls were also excluded (an additional
10 patients were excluded by this criterion).

The final study group included 191 cases and
372 controls (Table 1). The groups were
comparable with regard to age (mean 51 years)
and sex. General anesthesia (as opposed to other
types of anesthesia) was associated with surgical
site infection (Table 1). Although procedure
duration was included in the multivariate
matching process, longer duration was associat-
ed with surgical site infection. Procedures
classified as emergency had borderline associa-
tion. Other recognized risk factors, such as
procedure type and NNIS wound class, were not
significantly associated with infection because of
the matching procedure that was used to select

uninfected controls. ASA score was associated
with infection, but chronic disease score was
marginally associated.

The relationships were calculated between
surgical site infection rates and ASA scores for
the 80% of patients for whom scores had been
assigned and between surgical site infection
rates and the chronic disease scores (Figure 1).
Patients with missing ASA scores were included
in the chronic disease score groupings. The risk
for surgical site infection increased with ASA
group scores. In this group of patients (selected so
that one third had a surgical site infection) 27.8%
of those with an ASA score of 1, representing 25%
of the study population, had surgical site
infections, while 61.5% of those with scores of 4,
representing 3% of the study population, had
infections. No patients had scores of 5.

For the chronic disease score groups, the
proportion with surgical site infections also



61Vol. 7, No. 1, January–February 2001 Emerging Infectious Diseases

Research

Figure 1 (A and B). Risk for surgical site infection in
groups proportionate to ASA groupings for both the
American Society of Anesthesiologists (ASA)-
physical status score (A) and chronic disease score
(B). The width of each bar is proportional to the
sample size in that particular group. The percentage
above each bar represents the proportion of persons
in the group with infection.

Table 2.
a. Relationships between chronic disease score, ASA score, and surgical site infection

  Cases Controls Unadjusteda Adjustedb

Variable  (n-191)  (n=372) p value OR (95% CI) p value OR (95% CI)
Chronic disease 55 (28.8) 60 (16.1) <0.001 2.6 (1.6-4.2) 0.001 2.6 (1.5-4.7)
  score >5,000 (%)
ASA >3 (%) 67(35.1)c 79 (21.2)d <0.001 3.1 (1.7-5.5) 0.03 2.0 (1.1-3.7)
aUnadjusted values are controlled for age, sex, and procedure duration because of the matching process used to select
uninfected subjects.
bAdjusted for chronic disease score >5,000, ASA >3, type of anesthesia, emergent nature of the procedure, procedure duration
(ordinal), and wound class.
cThirty (15.7%) cases had missing ASA scores.
dEighty-two (21.7%) controls had missing ASA scores.
ASA = American Society of Anesthesiologists; OR = odds ratio; CI = confidence intervals

b. Relationships between admission chronic disease score, chronic disease score, ASA score and surgical site infection

 Cases Controls Unadjusted Adjusteda

Variable  (n=51)  (n=67) p value OR (95% CI) p value OR (95% CI)
Admission chronic 18 (35)   5 (7) <0.001 6.8 (2.3-19.9) 0.003 6.2 (1.9-20.4)
  disease score
  >4,500 (%)
Chronic disease 22 (43) 17 (25)   0.05 2.2 (1.0-4.9) 0.32 1.6 (0.6-3.9)
  score >5,000 (%)
ASA >3 (%) 39 (83)b 36 (58)c   0.007 3.5 (1.4-8.8) 0.03 3.4 (1.1-10.2)
aAdjusted for sex, age, type of anesthesia, emergency nature of the procedure, procedure duration (ordinal) and wound class.
bFour cases had missing ASA scores.
cFive controls had missing ASA scores.

increased with the chronic disease group scores.
The group with the lowest 25% of the chronic
disease scores had a surgical site infection
proportion of 29.7%, while those with the highest
3% of scores had a surgical site infection
proportion of 40%. The ASA score and the chronic
disease score were strongly correlated (r=0.58,
p<0.001). One major breakpoint in surgical site
infection rates occurred between the lower 80%
the upper 20% of the chronic disease score values,
as determined by conditional logistic regression.
Therefore, the chronic disease score was
analyzed as a dichotomous variable, using a
breakpoint of chronic disease scores >5,000 and
<5000.

Relationships were calculated between surgi-
cal site infection and chronic disease scores
>5,000 and between surgical site infection and
ASA scores (Table 2a). In the unadjusted analysis
(but with data controlled for the original
matching variables of age, sex, and procedure
type), both the chronic disease score >5,000 and
ASA >3 were strong predictors of surgical site
infection (for chronic disease score, odds ratio
[OR] 2.6, 95% confidence interval [CI] 1.6-4.2,
p<0.001; for ASA, OR 3.1, 95% CI 1.7-5.5,
p<0.001). When added to a multivariate model
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Figure 2 (A, B, and C). Risk of surgical site infection in
different risk index categories. The width of each bar is
proportional to the sample size in that particular
group; A) shows the traditional National Nosocomial
Infection Surveillance (NNIS) risk index categories;
B) shows a modified NNIS risk index with chronic
disease score >5,000 substituted for ASA >3; C)
shows a modified NNIS risk index, incorporating
both chronic disease score >5,000 and the  traditional
NNIS risk index categories. In each group, the
percentage of patients with infections is shown.

that already included the ASA score and other
factors associated with surgical site infection, the
chronic disease score improved the explanatory
value of the model (p<0.001). In this model,
both ASA and the chronic disease score remained
significant predictors of surgical site infection
(chronic disease score >5000, OR 2.6, 95% CI 1.5-
4.7, p=0.001; ASA >3, OR 2.0, 95% CI 1.1-3.7,
p=0.03).

A chronic disease score based solely on
admission medications (admission chronic dis-
ease score) was also studied (Table 2b). From 191
total cases of surgical site infection and 372
uninfected controls, cases with admission and
surgery on the same day were excluded, leaving
51 cases and 67 controls. The median admission
chronic disease score for cases was 2,218
(interquartile range [IQR] 1,285-4,818) and for
controls was 1,285 (IQR 1,209-2,729) (p=0.008,
Wilcoxon rank sum test). The admission chronic
disease score was correlated with the 6-month
chronic disease score (p<0.001, r=0.45) and with
the ASA score (p=0.02, r=0.22). The admission
chronic disease score was analyzed as a
dichotomous variable, using a breakpoint of
chronic disease score >4,500 and chronic disease
score <4,500. Admission chronic disease score
>4,500, chronic disease score >5,000 and ASA >3
were all associated with surgical site infection;
the association was strongest for the admission
chronic disease score (for admission chronic
disease score, OR 6.8, p<0.001; for the 6-month
chronic disease score, OR 2.2, p=0.05; for ASA,
OR 3.5, p=0.007).

After the data were controlled for anesthesia
type, emergency nature of surgery, sex, age,
procedure duration, and wound class by logistic
regression, the model that included the admis-
sion chronic disease score had better predictive
value for surgical site infection than the model
containing the chronic disease score based on 6
months of preoperative medications (p<0.01) and
the model that included the ASA score (p<0.03).
In these multivariate models, the admission
chronic disease score was a stronger predictor of
surgical site infection than the chronic disease
score based on 6 months of preoperative
medications and the ASA score (for the admission
chronic disease score, OR 6.2, p=0.003; for the 6-
month chronic disease score, OR 1.6, p=0.32; for
ASA score, OR 3.4, p=0.03); the ASA score did not
improve the model already containing the
admission chronic disease score (p=0.1).

In this population, the NNIS risk index was
correlated with infection status (Figure 2A). As
the risk index score increased, the proportion of
infected patients increased (27% for a risk score
of 0, 100% for a risk score of 3). Both the risk index
that substituted the chronic disease score for the
ASA score (Figure 2B) and the risk index that
added the chronic disease score to the
conventional NNIS score (Figure 2C) increased
progressively in the proportion infected in each
risk class. After the data were controlled for type
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of anesthesia used and emergency nature of the
surgery, the risk index that included a chronic
disease score >5,000 in place of ASA >3 (Figure
2B) was a stronger predictor of surgical site
infection than the traditional NNIS score (Figure
2A) (p<0.05). The risk index that included both a
chronic disease score >5,000 and an ASA >3
(Figure 2C) was a better predictor of surgical site
infection than both the traditional risk score
(p<0.001) and the score that substituted the
chronic disease score for an ASA >3 (p<0.01).

Conclusions
The chronic disease score, like the ASA score

when other known risk factors for infection were
taken into consideration, was a strong predictor
of postoperative surgical site infection. The
strength of the association between the ASA
score and the chronic disease score was
impressive since the two scores are derived by
completely different methods. The chronic
disease score performed comparably with the
ASA score as a component of the NNIS risk index,
and an NNIS-like index based on both the chronic
disease and ASA scores performed better than
the conventional NNIS index. In our limited
sample of patients who were admitted to the
hospital before the day of surgery, a chronic
disease score based solely on medications
dispensed on the day of admission was a stronger
predictor of surgical site infection than either the
ASA or 6-month chronic disease scores. Thus,
either the 6-month or admission chronic disease
scores might be considered as an alternative to
the ASA score and may provide better risk
stratification.

Compared with the ASA score, the chronic
disease score has several potential advantages as
a risk-adjuster for surgical site infection. It is
objective and, since it can be calculated from the
administrative databases of health insurance
organizations, sometimes more readily available
than the ASA score. Pharmacy databases are
often the most complete and accurate ones
maintained by health plans, and the information
in these systems is usually easy to interpret. In
addition, pharmacy data can often be obtained
from third parties, such as pharmacy benefit
managers, or directly from the pharmacies where
prescriptions were filled.

Since the chronic disease score can be derived
from electronic pharmacy data, it lends itself to
use as a risk-adjuster in automated systems for

monitoring surgical site infection, particularly in
patients discharged from the hospital who do not
return to the hospital for care. Such systems
would be applicable not only for the surveillance
and risk adjustment of surgical site infection
rates for individual hospitals, but also for larger
populations such as members of a health
maintenance organization or other health
insurance group. The chronic disease score based
solely on admission medications might be
attractive for use in hospital-based surveillance
systems if the results in this study are
reproducible in larger patient populations.

This study had some limitations. Since age is
a component of the chronic disease score and
cases were matched to controls by age, the
observed association between the chronic disease
score and surgical site infection may be
underestimated. In addition, because compo-
nents of the NNIS risk index were used to match
uninfected controls to cases, our results may
underestimate the associations between surgical
site infection and the traditional NNIS risk
index, the risk index using the chronic disease
score in place of an ASA score, and the index
incorporating both the chronic disease and ASA
scores. Additionally, all the procedures were
performed at a single hospital, increasing the
likelihood that ASA scores were assigned more
consistently than in the population at large. Such
an effect would have overestimated the utility of
the ASA score. Restriction to a single institution
may also affect the generalizability of these
results. Although we do not have a ready
explanation for ways in which the chronic disease
score could have a special relationship to
infection in this population, our findings should
be tested in other settings. Our relatively limited
sample size precludes investigation of whether
the chronic disease score performed differently
for different types of procedures or specific
groups of patients. Validation of our model in a
larger population with a more diverse set of
procedure types would be worthwhile. Finally,
the chronic disease score can only be assessed
readily for patients whose pharmacy dispensing
data are available. This information exists for
most patients through pharmacy benefit sys-
tems, but few hospitals have ready access to this
information.

Aspects of the association between chronic
disease score and surgical site infection that
warrant additional exploration include assessing
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the value of the chronic disease score, either
alone or in addition to the ASA score for specific
procedure types, and developing new weights for
the chronic disease categories to improve
predictive value. Evaluation of a chronic disease
score based on admission medications using a
larger sample size than the one used in this study
and including patients from multiple institutions
would be of interest.

In summary, the chronic disease score
provides a useful risk-adjuster for surgical site
infection. It is objective and can often be obtained
from automated information available from
standard health insurance claims data. It may be
available when the ASA score is not, so it could be
used either in place of the ASA score or in
addition to it. Further investigation of the chronic
disease score and its association with surgical
site infection is warranted.
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Vaccines effectively reduce and prevent
death and disease from many viral infections.
However, vaccine production occasionally has
been complicated by inadvertent contamination
with adventitious agents that may have
originated from cell substrates used to propagate
vaccine strains. Examples of such contamination
include simian virus in early polio vaccines
grown on monkey kidney cells and avian leukosis
virus (ALV) in yellow fever vaccines propagated
in chick embryos (1). Hepatitis B virus has also
been identified in yellow fever vaccines produced
by using pooled human serum as a stabilizing
agent (2). Exposure of vaccine recipients to
contaminated vaccines has been associated with
effects ranging from benign to demonstrable

transmission of infection, with or without
subsequent disease (2,3).

Reverse transcriptase (RT) activity, an
indicator of retroviruses, has recently been
detected by sensitive polymerase chain reaction
(PCR)-based RT assays in currently used
vaccines produced in chick embryo fibroblasts or
embryonated eggs (4-7). The RT-positive vac-
cines include measles, mumps, and yellow fever
vaccines produced by several manufacturers in
Europe and the United States (4,5). RT activity
was detected in the vaccines despite strict
manufacturing practices requiring that chick
embryos and embryo fibroblasts be derived from
closed, specific-pathogen-free chicken flocks.
Such chickens are screened for known pathogens,
including two exogenous avian retroviruses:
reticuloendotheliosis virus and ALV (8).

The origin of RT activity in measles vaccines
was examined in two recent studies. RT activity
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The identification of endogenous avian leukosis virus (ALV) and endogenous
avian retrovirus (EAV) in chick cell-derived measles and mumps vaccines in current
use has raised concern about transmission of these retroviruses to vaccine recipients.
We used serologic and molecular methods to analyze specimens from 206 recipients
of measles, mumps, and rubella (MMR) vaccine for evidence of infection with ALV and
EAV. A Western blot assay for detecting antibodies to endogenous ALV was
developed and validated. All serum samples were negative for antibodies to
endogenous ALV by Western blot analysis. Peripheral blood lymphocyte samples from
100 vaccinees were further tested by polymerase chain reaction for both ALV and EAV
proviral sequences; all were negative. Matching serum samples were tested by
reverse transcriptase polymerase chain reaction for ALV and EAV RNA, and all 100
samples were negative, providing no evidence of viremia. These findings do not
indicate the presence of either ALV or EAV infection in MMR vaccine recipients and
provide support for current immunization policies.
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in a vaccine manufactured in Europe was
associated with particles containing endogenous
avian virus (EAV) RNA (6). In the second study,
we examined measles vaccines from a U.S.
manufacturer and found evidence of both EAV
and endogenous ALV (7): we detected particle-
associated ALV and EAV-0 RNA sequences in
both vaccine and chick embryo fibroblast
supernatants and demonstrated neutralization
of RT activity in vaccines by anti-ALV RT
antibodies. In addition, we observed ALV-like
particles by electron microscopy in culture
supernatants from chick embryo fibroblasts that
had not been inoculated with vaccine viruses (7).

At least six subgroups of ALV (A-E and J)
have been identified in chickens on the basis of
differences in envelope sequences (9). Only
subgroup E viruses are expressed from endog-
enous sequences that are part of the chicken
germ line; all the other subgroups are exogenous.
The endogenous ALV sequences are usually
referred to as endogenous viral (ev) loci. At least
30 ev loci have been characterized in various
chicken strains (10). Although endogenous ALVs
are not known to be pathogenic for chickens,
related species of fowl are susceptible to infection
with endogenous ALV (11). Disease associations
in these cross-species infections have not been
fully investigated (11). Exogenous-type ALVs
have been shown to cause several neoplastic
diseases in infected chickens (9).

Less is known about EAV, which has
elements distinct from but closely related to
those of the ALV family of endogenous
retroviruses. EAV are also present in line-0
chickens (ev-negative), which have been bred to
have no ev proviruses (12). EAV elements exist in
at least 50 copies per chicken genome (13).

The observed association of the RT activity of
these vaccines with endogenous retroviral
particles rather than exogenous retroviruses is
consistent with vaccine manufacturing regula-
tions that require exogenous ALV and
reticuloendotheliosis virus infections to be
eliminated from source chickens. Endogenous
retroviral particles are not addressed by current
manufacturing guidelines because these par-
ticles had not been associated with chick cell-
derived vaccines.

The finding of RT activity in all measles
vaccine lots from different manufacturers tested
suggests that this occurrence is not sporadic and
that vaccine recipients may be universally

exposed to these retroviral particles (4,5,7,14).
Surveillance for infection with ALV/EAV in
vaccine recipients is important for evaluating the
safety of these vaccines. This surveillance, which
was recommended by the World Health
Organization in a consultation meeting on RT
activity in chicken cell-derived vaccines, is
needed for policy decisions regarding the global
use of these vaccines (15). We recently reported
negative PCR results for ALV and EAV
sequences in peripheral blood lymphocytes from
33 measles, mumps, and rubella (MMR) vaccine
recipients (7). However, these preliminary
results do not fully reflect risks for transmission
of ALV and EAV because of the small number of
samples analyzed and the lack of testing for
antibodies and plasma viremia (7). We have
expanded our surveillance for ALV and EAV
infection in recipients of MMR vaccines and here
report evidence that does not support infection
with either ALV or EAV.

Materials and Methods

Study Population
The study population was 206 children

identified from two cohorts. Samples for 113 of
the children were identified from repository
serum specimens of the New York City Perinatal
HIV Transmission Collaborative Study and
Perinatal AIDS Collaborative Transmission
Study (PACTS). All 113 children had documented
evidence of MMR vaccination; none were infected
with HIV-1 (16). The remaining 93 children
participated in a study of antibody responses to
immunization with the U.S.-manufactured MMR
vaccine (17). Of 206 specimens analyzed, 32
(15.5%) were collected 6 to 12 months and 158
(76.7%) 12 to 24 months after the first MMR
vaccination. Sixteen (7.8%) samples were
collected after the second MMR dose. Peripheral
blood lymphocytes samples were available for
100 of 113 children from the PACTS study. All
testing was done anonymously with regard to
children’s identity.

Endogenous ALV-based Western Blot Assay
The source of antigen for the Western blot

assay was the Rous-associated virus type 0 (RAV-
0), a prototype endogenous ALV highly related to
the endogenous ALV particles found in MMR
vaccine (9,10,18). RAV-0 was inoculated into
15B1 chick embryo fibroblast cells. Infection with
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RAV-0 was monitored by using the ALV antigen
test kit (Flockchek, IDEXX, ME) that detects
ALV p27 gag antigen. Antigen was prepared by
lysing 106 cells with 100 µL lysis buffer, followed
by 5 minutes each of boiling and sonication. The
protein concentration of the lysate was deter-
mined with the Pierce protein kit (Rockford, IL).

Electrophoresis was done on 150 µg of either
infected or uninfected whole-cell lysates in 10%-
20% Tris-HCl gradient SDS-polyacrylamide gels
(BioRad, CA) for 2 hours at 70V. Serum samples
were diluted 1:50 in blocking buffer. Rabbit anti-
avian myeloblastosis virus (AMV, an exogenous
strain of ALV) p27 (SPAFAS, Preston, CT)
antibody was used as positive control. Anti-
rabbit, anti-chicken, and anti-human antibodies
conjugated to horseradish peroxidase were used
as secondary antibodies for rabbit, chicken, and
human plasma samples at 1:6000, 1:3000, and
1:6000 dilutions, respectively. Control human
IgG was used as an assay control for anti-
human horseradish peroxidase-conjugated sec-
ondary antibody.

To validate the Western blot assay, sera from
27 chickens seropositive by virus neutralization
assays for ALV (subgroup A) and 34 ALV-
seronegative chickens were tested for
seroreactivity to ALV antigens by Western blot.
In addition, 10 serum samples from chickens
infected with reticuloendotheliosis virus were
used as specificity controls. Validation on human
sera included testing samples from persons
infected with human T-cell lymphotropic virus
types I and II (HTLV-I and HTLV-II) and HIV
types 1 and 2 to assess possible cross-reactivity
between ALV and human retroviruses. HTLV-
and HIV-negative sera from anonymous blood
donors were also included in this validation. All
chicken serum samples used for validation of the
RAV-0 Western blot assay were also tested on
blots containing control antigen from uninfected
15B1 chick embryo fibroblasts.

Proviral DNA PCR
Aliquots of lysates from 150,000 peripheral

blood lymphocytes from MMR vaccine recipients
were amplified by PCR for ALV env and EAV env-
like sequences by using primers ALVENVF2/
ALVENVR2 and EAVENVF10/EAVENVR10,
respectively (7). All diagnostic primers used were
derived from particle-associated viral sequences
identified in the vaccine substrate used to
prepare the MMR vaccine (7). Both assays are

highly sensitive, with a detection threshold of one
copy for EAV PCR assay and 1-10 copies for the
ALV PCR assay (7). The PCR reaction conditions
included 35 cycles of 95°C for 1 minute, 55°C for 1
minute, and 72°C for 1 minute. PCR products
were detected by Southern blot hybridization to
the ALV- and EAV-specific 32P-labeled probes,
ALVENVP1 and EAVENVP1, respectively (7).

Detection of ALV and EAV RNA
in Vaccine Recipients

RNA was extracted from serum as described
(19). The primers used for the RT reaction were
ALVENVR2 and EAVENVR10 for ALV and EAV,
respectively. The reaction was carried out at 37°C
for 2 hours, followed by 95°C for 5 minutes. RNA
extracted from RAV-0-infected 15B1 chick
embryo fibroblast supernatants was used for
positive controls. PCR was carried out as
described (7). The ALV and EAV PCR products
were detected by Southern blot hybridization
with the 32P-labeled ALVENVP1 and EAVENVP1
probes, respectively.

Results

Validation of Western Blot Assay
 and Criteria for Positivity

The presence of viral proteins was confirmed
by the use of antisera raised against whole ALVs
(anti-AMV and anti-RAV-0) and against anti-p27
gag protein from AMV (Table). These antisera
detected env gp85 and gp37 as well as gag p27,

Table. Western blot antibody reactivity to the p27 gag pro-
tein of the endogenous avian leukosis virus (ALV) in  vac-
cine recipients and other reference chicken and human sera
Sera tested p27 Positive
Chicken sera (n = 61)
  ALV infected/antibody positivea 27/27
  ALV uninfected/antibody negativea 0/34
  REV infected 0/10
Human sera (n = 68)
   Blood donors 0/60
  HIV-1/2 positive 0/4
  HTLV-I/II positive 0/4
MMR vaccine recipients (n = 206)
  6-12 monthsb 0/32
  12-30 monthsb 0/158
  6-12 monthsc 0/16
aantibody reactivity to ALV determined by virus neutralization
assays.
bsamples collected after first MMR vaccination.
csamples collected after second MMR vaccination.
REV = reticuloendotheliosis virus; HIV-1/2 = human immunodefi-
ciency virus type 1 or 2; HTLV-I/II = human T-cell lymphotropic
virus type 1 or 2; MMR = measles, mumps and rubella
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p19, p15, and p12 proteins (data not shown). All
27 ALV-infected and neutralization antibody-
positive chicken sera reacted strongly to RAV-0
p27, while negative control sera from both
uninfected chickens and reticuloendotheliosis
virus-infected chickens showed no reactivity to
p27 (Figure 1a). These data support the use of
p27 reactivity as a marker for ALV seropositivity.
Similarly, negative results were seen with

samples from 60 human blood donors. No cross-
reactivity was observed between RAV-0 p27 gag
protein and antibodies against HIV-1, HIV-2,
HTLV-I, and HTLV-II (data not shown).

Lack of Evidence of Seroreactivity to ALV
Serum samples from all 206 MMR vaccine

recipients were negative by Western blot (Table).
These samples included those of the 16 children
who had received two doses of MMR vaccine
(Figure 1b). No seroreactivity to any viral
proteins, including p27, was observed.

Lack of Evidence of ALV and EAV Sequences
All 100 peripheral blood lymphocyte samples

were negative for both ALV and EAV DNA
sequences by PCR analysis (Figure 2). Of the 100
samples from the PACTS cohort, 33 had been
tested previously (7). Similarly, all sera from the
100 children tested negative for both ALV and
EAV RNA by RT-PCR (Figure 3). These results
indicate  absence of both ALV and EAV viremia in
these vaccine recipients (Table).

Figure 1. Western blot antibody reactivity of chicken
sera to endogenous avian leukosis virus (ALV) (Rous-
associated virus 0) antigen. a) Lane 1, negative control
chicken serum; Lane 2, positive control anti-p27 ALV
gag antiserum; lanes 3-5, sera from ALV antibody-
positive chickens; lanes 6-12, sera from ALV-negative,
antibody-negative chickens. b) NC, negative control
human sera; PC, positive control: anti-p27 ALV gag
antiserum; lanes 1-10, sera from measles mumps
rubella vaccine recipients.

A

B
Figure 2. Representative results from polymerase
chain reaction analysis of peripheral blood lympho-
cytes from measles, mumps and rubella (MMR)
vaccine recipients for endogenous avian retrovirus
(EAV) (A) and avian leukosis virus (ALV) (B) proviral
DNA sequences. The detection threshold of known
copy numbers of the target sequences is shown in the
righthand panels. NC, negative control, uninfected
human peripheral blood lymphocytes; PC, positive
control, human peripheral blood lymphocytes spiked
with 1,000 copies of target sequence; Lanes 1-10,
peripheral blood lymphocytes from MMR vaccine
recipients.
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Conclusions
Analysis of MMR vaccines from different

manufacturers suggests that vaccine recipients
may be universally exposed to endogenous
chicken retroviral particles. We sought evidence
of persistent ALV and EAV infection in a large
number of MMR vaccine recipients, and we were
unable to find any evidence of ALV or EAV
sequences in peripheral blood lymphocytes,
despite the use of highly sensitive PCR assays.
Neither did we find evidence of ALV or EAV
viremia, since all serum samples tested negative
for ALV and EAV RNA by RT-PCR analysis; this
finding is of interest because ALV viremia is
commonly seen in chickens infected with ALV
(18). All 206 serum samples tested by a validated
Western blot assay were negative for ALV
antibodies, indicating absence of antigenic
exposure. These findings differ from those in
persons infected with human retroviruses, who
usually seroconvert 2 weeks to 6 months after
exposure (20,21). The negative serologic data also
suggest the low likelihood of nonviremic ALV
infection in cells other than peripheral blood
lymphocytes, which may not have been detected
by PCR testing. Our results overall show no

evidence of infection with either ALV or EAV in
these vaccine recipients. The lack of transmission
of ALV and EAV observed in 16 children who had
two MMR vaccinations provides additional
reassuring data.

Several factors, including a natural human
resistance to infection with endogenous ALV,
may explain the lack of transmission of these
viruses to MMR vaccine recipients. However, few
or no data are available on the ability of
endogenous ALV to replicate in human cells.
Resistance to endogenous ALV infection may, for
instance, be attributed to the absence of a human
cell-surface receptor for the virus as well as to
other intracellular blocks for ALV replication. A
tumor necrosis factor receptor-related protein,
referred to as SEAR, has been recently identified
as a receptor for endogenous ALV in turkey cells
(22). Plasmid-encoded expression of SEAR in
human 293 cells can confer susceptibility to
infection by endogenous ALV, suggesting that
human cells can support endogenous ALV
replication if virus entry is achieved (22). Human
serum can lyse ALV by complement activation
(23); however, this protective mechanism has not
been demonstrated for endogenous ALV and EAV
particles.

The presence of defective ALV and EAV
particles in vaccines may also explain the lack of
transmission of these viruses to vaccine
recipients. ev loci confer a variety of different
phenotypes, including infectious or defective
particles (9,10,18,24). However, it is not known
whether the ALV particles in the vaccine are all
defective. The proportion of defective to
infectious ALV in different vaccine lots depends
on the set of the ev loci in the chick embryo
fibroblast substrate preparation used for each
vaccine lot. Loci associated with noninfectious
viruses (ev-1, ev-3, and ev-6) have been identified
in a chick embryo fibroblast substrate of a U.S.
vaccine manufacturer (7). However, the presence
of many loci known to produce infectious ALV-E
could not be determined (7).

EAV may represent the predominant
retroviral particles in MMR vaccines (6,7).
Therefore, our data, which indicate that exposure
to EAV particles was not associated with EAV
viremia or EAV-infected peripheral blood
lymphocytes in vaccine recipients, are important.
Confirmation of our molecular results by EAV-
specific serologic testing may, however, be
necessary. The lack of evidence of transmission of

Figure 3. Reverse transcriptase-polymerase chain
reaction analysis of sera from measles, mumps and
rubella (MMR) vaccine recipients for the presence of
avian leukosis virus (ALV) (A) and endogenous avian
retrovirus (EAV) (B) RNA. Lanes 1-10, samples from
MMR vaccine recipients. NC, negative control,
uninfected human serum; PC, positive control, culture
supernatant from Rous-associated virus 0 (RAV-0)
infected 15B1 chick embryo fibroblasts.
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EAV to vaccinees is likely due to the presence of
defective particles. No infectious EAVs have yet
been isolated, nor has a full-length intact EAV
provirus been identified (25). However, our
understanding of the EAV family is limited.

The presence of ALV in chick-cell-derived
vaccines is not a new phenomenon; many
instances of ALV contamination in yellow fever
and measles vaccines have been documented
(26,27). However, earlier vaccines had evidence
of exogenous rather than endogenous type ALV
(27). Available data also suggest lack of
transmission of ALV to vaccine recipients
(26,28,29). These studies examined 6 adults and
41 children with measles vaccination and 227
yellow fever vaccine recipients (26,27,29), and no
evidence was found of neutralizing antibodies to
an exogenous ALV. No increase in cancer rate has
been found in a study of recipients of exogenous
ALV-positive yellow fever vaccine (27).

Despite these reassuring data, the presence
of avian retroviral particles in chick embryo
fibroblast-derived vaccines raises questions
about the suitability of primary chicken cell
substrates for vaccine production and the
advisability of a change to RT-negative sub-
strates. Chick embryo fibroblasts originating
from line 0 chickens could provide substrates
that do not express ALV-E; however, such cells
may still produce EAV particles (7,12). Obtaining
an RT-negative substrate may require a
substantial change from primary chicken cells to
RT-negative cells from different species, such as
immortalized or diploid mammalian cells. Since
the cell substrate is critical to the attenuation of
live vaccine viruses, any change in the cell
substrate could have unpredictable effects on the
safety and efficacy of the vaccine and should be
approached cautiously.

In conclusion, we found no evidence of either
endogenous ALV or EAV infection in recipients of
U.S.-made MMR vaccines. Our data indicate that
no change is warranted in current U.S. policies
for the use of MMR vaccine.
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Rickettsia are intracellular Proteobacteria
associated with arthropods, including body lice,
fleas, ticks, and mites (1). R. typhi, the agent of
murine typhus, is transmitted by rat fleas,
Xenopsylla cheopsis. In 1990, when cat fleas
(Ctenocephalides felis) were examined as pos-
sible vectors of R. typhi, a novel Rickettsia-like
organism was observed by electron microscopy in
midgut epithelial cells of the fleas. The agent,
named the ELB agent for the EL Laboratory
(Soquel, CA) (2), was detected in 1994 and 2000
by polymerase chain reaction (PCR) in four
patients from Texas and Mexico (3,4). The
taxonomic position of this organism within the
genus Rickettsia was assessed by genomic
sequence comparison, following the successful
amplification of a 17-kDa protein gene fragment
from infected flea tissue by PCR with genus-
specific primers (5). In addition, the organism
was found to be transmitted transovarially in
fleas (5) and to be pathogenic in a human patient
(6). In 1995, the name “R. felis” was proposed for
the ELB agent on the basis of its phenotypic

characteristics, as well as its clear genotypic
differences from other known Rickettsia species
(6). The organism was provisionally named “R.
felis” but the name is not formally approved by
International Society for Systematic and Evolu-
tionary Biology as no strain was deposited in any
official collection. In 1997, the ELB agent was
detected in two other flea species in the United
States, C. felis and Pulex irritans (7). Although
isolation in tissue culture was reported (3,8,9),
contamination with R. typhi has hampered
subsequent work (6), so no isolate of R. felis was
available when we began our study.

We describe methods used to cultivate
several isolates of the ELB agent and its
morphologic, antigenic, and genomic characteris-
tics, as well as the results of a serosurvey with
one of our type strains.

Materials and Methods
C. felis fleas (Flea Data Inc., Freeville, NY)

were divided into 20 groups of 5. After surface
sterilization by a 5-minute immersion in 70%
methanol with 0.2% iodine, the fleas were
washed in sterile distilled water and frozen in
liquid nitrogen. Frozen fleas were macerated
with a sterile plastic spatula, suspended in
0.8 mL of culture medium, and injected into shell
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A rickettsia named the ELB agent, or “Rickettsia felis,” was identified by molecular
biology techniques in American fleas in 1990 and later in four patients from Texas and
Mexico. We attempted to isolate this rickettsia from infected fleas at various
temperatures and conditions. A representative isolate of the ELB agent, the Marseille
strain, was characterized and used to develop a microimmunofluorescence test that
detected reactive antibodies in human sera. The ELB agent was isolated from 19 of 20
groups of polymerase chain reaction-proven infected fleas. The microimmunofluores-
cence results provided serologic evidence of infection by the ELB agent in four patients
with fever and rash in France (2) and Brazil (2), supporting the pathogenic role of this
rickettsia. Our successful isolation of this rickettsia makes it available for use in
serologic tests to determine its clinical spectrum, prevalence, and distribution.
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vials. Fifty microliters of the suspension was
retained for use as template in a Rickettsia-
specific PCR targeting a fragment of the citrate
synthase-encoding gene (gltA) (10).

Human embryonic lung fibroblasts (11) or the
XTC-2 cell line derived from Xenopus laevis (12)
were used for isolation by the shell vial
centrifugation technique (6). Subconfluent cell
monolayers were obtained by incubating the shell
vials at 28°C for 48 hours after they were injected
with 50,000 cells in 1 mL of Leibowitz-15 medium
with L-glutamine and L-amino-acids (GIBCO,
Rockville, MD), 5% (v/v) fetal calf serum and 2%
(v/v) tryptose phosphate (GIBCO) for XTC-2
cells, and Minimum Essential Medium (GIBCO)
supplemented with 2 mM L-glutamine and 10%
fetal bovine serum for human embryonic lung
fibroblasts. Before injection with the flea extract,
the medium was removed by aspiration.

After injection of both cell types with
suspensions of five fleas resuspended in 0.8 mL of
the corresponding medium, the shell vials were
centrifuged at 700 X g for 1 hour at 20°C, and the
supernatant was discarded. After two washings
in sterile phosphate-buffered saline (PBS), 1 mL
of fresh medium containing 4 µg/mL
cotrimoxazole, an antibiotic used to prevent
contamination, was added to the shell vials,
which were incubated at 28°C. The cell culture
medium was replaced every 7 days for up to 30
days. When rickettsiae could be detected in cells
in the discarded medium by Gimenez staining
(13), the infected cell monolayer was harvested
and spread onto a subconfluent cell monolayer of
the same cell line in a 25-cm2 tissue culture flask,
which was also incubated at 28°C.

For further studies, we used our first isolate
of the ELB agent, which we named the Marseille
strain. We attempted to infect mammalian cell
lines with the Marseille isolate on monolayers of
Vero, MRC-5, and L-929 cells incubated with 5%
CO2 at 28°C, 32°C, or 37°C, in the same medium
as human embryonic lung fibroblasts. The
ultrastructure of the Marseille isolate was
studied by electron microscopy (14), and the
strain was purified as for other rickettsia (15).

To quantify growth of the ELB agent, 1 µL of
10-1, 10-2, 10-3, 10-4, 10-5, 10-6 dilutions of a
suspension made of rickettsiae harvested from a
25-cm2 tissue culture flask and purified from cells
were deposited onto 30-well microscope slides
(Dynatech Laboratories Ltd., Billingshurt, UK),
air dried, fixed with acetone for 10 minutes, and

then stained by the Gimenez technique. The
number of rickettsiae was estimated visually.

To raise polyclonal antisera against the
Marseille isolate, 6- to 8-week-old Balb C mice
were injected intraperitoneally with 1 mL of a
solution containing v/v 106 purified Marseille
isolate in PBS and complete Freund’s adjuvant.
Inoculation was repeated at 10, 20, and 30 days.
At 40 days, blood was collected by intracardiac
puncture, and sera were stored at –20°C. The
same procedure was performed with R. conorii
(Moroccan strain, ATCC VR 141) and R. typhi
(Wilmington strain, ATCC VR-144).

To determine the prevalence of antibodies
reactive with the organism in the general
population in France, serum specimens from 100
French blood donors were tested by microimmuno-
fluorescence against the Marseille strain; 140
serum samples from Brazilian blood donors,
which had been sent to our laboratory to estimate
the seroprevalence of various rickettsioses, were
also tested. Microimmunofluorescence was also
used to determine cross-reactivity between our
strain of the ELB agent and other rickettsiae.
Convalescent-phase serum specimens from 67
patients with epidemiologic, clinical, and serolog-
ic evidence of epidemic typhus, 16 patients with
murine typhus, and 97 French patients with
fever and rash serologically and clinically
diagnosed as Mediterranean spotted fever, were
tested by microimmunofluorescence for antibod-
ies against R. rickettsii, R. typhi, and the
Marseille strain. Serum samples from 16
Brazilian patients with unexplained febrile rash
were also included in these tests. For microim-
munofluorescence, R. conorii strain Seven
(Malish), R. rickettsii strain R (Bitterroot),
R. prowazekii strain Brein L, and R. typhi strain
Wilmington were grown in Vero cells and purified
(11). These antigens and the purified suspension
of the Marseille strain described above were
applied at separate sites on each well of 30-well
microscope slides (Dynatech Laboratories, Ltd.),
air dried, and fixed with acetone for 10 min.
Microimmunofluorescence tests were performed
(16), with immunoglobulin (Ig) G and IgM titers
determined separately. To remove antibodies
against any host-cell components, antisera were
absorbed with XTC-2 or Vero cells before being
used in the microimmunofluorescence. More-
over, before detection of IgM, the antisera were
absorbed with rheumatoid factor absorbent
(Behring-Werke AG, Marburg, Germany). The
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antisera were then applied to the fixed antigens
at doubling dilutions from 1:4 to 1:2,048 (16).

Analysis of major proteins of the Marseille
isolate by sodium dodecyl-sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) were performed
by using both heated and unheated antigens (17).
Major immunogenic proteins were studied by
Western blot with purified unheated antigens
(14,17).

For PCR amplification and sequencing of
gene fragments from macerated flea suspensions
and rickettsial isolates, genomic DNA was
extracted by using the QIAmp tissue kit (Qiagen,
Hilden, Germany) according to the manufacturer’s
instructions. In addition to the 17-kDa antigen- and
citrate synthase-encoding genes determined by
Azad et al. (5) and Higgins et al., respectively (3),
we amplified and sequenced fragments of the
genes encoding the rickettsial outer membrane
proteins A and B (ompA and ompB). Primers
were designed within conserved regions of the
genes, and amplifications were carried out as

described (Table 1,18). Sequencing reactions with
these primers were done with the dRhodamine
Terminator sequencing kit (PE Applied Biosys-
tems, Warrington, UK). The reaction products
were resolved on 5% polyacrylamide gels (Tebu,
Le Perray en Yvelines, France) by an ABI PRISM
377 DNA sequencer (PE Applied Biosystems).
Amplifications of R. typhi by PCR from
subcultures of the Marseille strain were performed
by using the gltA-derived R. typhi-specific primers
TY1f (5'-TGGGGAACTACCAAGTAGT-3') and
TY1r (5'-ACCAGTGCTAATACATGCAA-3') as
described to determine the purity of the culture.
DNA was extracted as described. DNA from
R. typhi cultured in Vero cells was used as
positive control.

Nucleotide sequences were aligned with
sequences from other Rickettsia species in
GenBank by using the multisequence alignment
software CLUSTAL within the BISANCE
environment (20). The phylogenetic relation-
ships between our strain and other representative

Table 1. Primers used for PCR amplification and sequencing of the ELB agent strain Marseille-URRWFXCal2
  Gene
position
 relative
 to open

Gene    Primer Nucleotide sequence (5'-3') reading frame       Reference
17-kDa antigen 17kDFa GCTCTTGCAACTTCTATGTT     31-50 This manuscript

17KdRa CATTGTTCGTCAGGTTGGCG   464-445 This manuscript
Citrate synthase CSFEL1a TGATTCAGAATTTGCCGAAT     21-40             17

CS890ra GCTTTAGCTACATATTTAGG   890-871             17
CS532ra GCCGCAATGTCTTATAAATATTCT   532-555 This manuscript
CS1273ra CATAACCAGTGTAAAGCTG 1273-1255 This manuscript
CS244rb CTTTAATATCATATCCTCGAT   244-224             17
Rp877Pb GGGGACCTGCTCACGGCGG   797-815             18

rOmpB 120-M59a CCGCAGGGTTGGTAACTGC  M59-M41 This manuscript
120-807a CCTTTTAGATTACCGCCTAA   807-788 This manuscript
120-607a AATATCGGTGACGGTCAAGG   607-626 This manuscript
120-1497a CTATATCGCCGGTAATT 1497-1480 This manuscript
120F-1351a TTTAGGAAACGCTGGTTCTC 1351-1370 This manuscript
120F-2934a GCGTTAGTTGCGATAATACT 2934-2915 This manuscript
120-2788a AAACAATAATCAAGGTACTGT 2788-2808 This manuscript
120-3599a TACTTCCGGTTACAGCAAAGT 3599-3579 This manuscript
120F-3440a GTTAATGCAACAACTACGGG 3440-3459 This manuscript
120F-4341a GCATCGAAGAAGTAACGCTG 4341-4322 This manuscript
120-4232a GGTTTCTCATTCTCTCTATATGG 4232-4254 This manuscript
120-4879a TTAGAAGTTTACACGGACTTT 4879-4857 This manuscript
120F-1749b CTATTAGTGGTAATATTGGTAC 1749-1770 This manuscript
120F-2495b CATGGTCATTACCTGCATTACC 2495-2481 This manuscript
120-4489b GTCTTCTGACGAAAACTACAA 4489-4509 This manuscript

ROmpA 190-70a ATGGCGAATATTTCTCCAAAA     70-90             18
190-701a GTTCCGTTAATGGCAGCATCT   701-681             19

aPrimers used for both PCR amplification and sequencing of the ELB agent strain Marseille-URRWFXCal2.
bPrimers used only for sequencing.
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Table 2. Time required to infect 90% of cells in a 174-cm2

cell culture flask after inoculation with 5 x105 ELB agent
strain Marseille-URRWFXCal2

     Incubation temperatures
Cell type   28°C  32°C 37°C
XTC-2 cells   6 days   NDa NDa

Vero cells 14 days 14 days No
MRC-5 cells   NGb   NGb NGb

L-929 cells   NGb   NGb NGb

aND = not done. XTC-2 cells died at temperatures  32°C.
bNG = no growth was obtained

Figure 1. Transmission electron micrograph of the
ELB agent in XTC-2 cells. The rickettsia are free in the
cytoplasm and surrounded by an electron transparent
halo. Original magnification X 30,000.

strains based on the analysis of gltA and ompB
sequences were determined by using the Phylip
software (21). The distance matrix generated by
DNADIST was determined under the assump-
tion of Jukes and Cantor (22) and used to
construct a dendrogram by the neighbor-joining
method (23). Two other dendrograms were
constructed by using data processing with the
maximum-likelihood and parsimony program
DNAPARS. Bootstrap replicates were performed
by using SEQBOOT and CONSENSE in the
PHYLIP software to estimate the node reliability
of the trees obtained by the three methods (24).

To improve the sensitivity of PCR and detect
rickettsial DNA from serum samples, we
designed a nested PCR based on the amplifica-
tion of the gltA gene. DNA was extracted from
200 µL of serum by using the QIAmp blood kit
(Qiagen) as recommended by the manufacturer.
External primers designed for this purpose were
ELB1f (5'-CTGCTTCTTGTCAGTCTAC-3') and
ELB1r (5'-GATTTTTTGTTCAGGGTCTTC-3'), and
internal primers were ELB2f (5'-GGAATCT
TGCGACATCGA-3') and ELB2r (5'-CAGCCTACG
GTTCTTGC-3'). The internal primers encom-
passed a 952-bp gltA fragment allowing a reliable
identification of most rickettsial species after
sequencing (including R. felis, R. conorii, and
R. rickettsii). Amplification, sequencing of
amplicons, and sequence analysis were done as
described. Forty-seven serum samples were
tested with this technique, 27 from patients with
rickettsial diseases (including those reacting
serologically to the ELB agent) and 20 from blood
donors used as negative controls.

Results
The ELB agent was detected by PCR

amplification of a gltA fragment from all the flea
suspensions used to inoculate the cell culture
monolayers. Initial attempts to isolate the
rickettsia in human embryonic lung fibroblasts
failed, but growth was observed by Gimenez
staining and the rickettsiae were confirmed as
the ELB agent by PCR analysis: 100% homology
was observed with DNA amplified with the gltA
sequence of the ELB agent in 19 of 20
supernatants from the XTC-2 cell monolayers
grown at 28°C 7 and 14 days after inoculation.
R. typhi DNA could not be detected by PCR in any
of the cell culture supernatants, whereas the
primer pair Ty1f and TY1r amplified positive
control DNA.

Initial isolation required 14 days, and
subsequent passages required 6 days to detect
the ELB agent. Cultures of all isolates were
easily established in XTC-2 cells from the 19
suspensions. The reference strain, Marseille-
URRWFXCal2, has been deposited (accession
number I-2363) in the French National Culture
Collection (Institut Pasteur, Paris, France) and
will be sent to the American Type Culture
Collection. Before further studies of this strain,
we reconfirmed by PCR that our strain of the ELB
agent was not contaminated with R. typhi.

The Marseille strain grew most rapidly at
28°C in XTC-2 cells, which died at temperatures
>32°C (Table 2). Human embryonic lung fibroblasts
do not multiply at 28°C, as their optimal growth
temperature is 37°C, and therefore the ELB
agent could not be cultivated in this cell line. The
organism also grew in Vero cells incubated at
either 28°C or 32°C but at half the rate of growth
observed in XTC-2 cells. The MRC-5 and L-929
cell lines were unable to support permanent
growth of the Marseille strain. Electron
microscopy showed the rickettsia to be present
and free in the cytoplasm but not in the nucleus of
the cells (Figure 1).
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Figure 2. Phylogenetic tree of members of the genus Rickettsia inferred from comparison of gltA sequences by
using the neighbor-joining method. Bootstrap values for the nodes are indicated.

Four gene fragments were successfully
amplified by PCR, and the base sequences of both
DNA strands of each segment were determined
twice. Nonambiguous sequence data were
obtained between bases 51 and 444 of the 17-kDa
antigen-encoding gene (394 base pairs), bases 41
and 1236 of gltA (1196 bp), bases 91 to 665 of
ompA (575 bp), and bases 1 to 1236 of ompB (1236
bp). Sequences of the 17-kDa protein-encoding
gene and gltA were 100% homologous with those
in GenBank (accession numbers M82878 and
U33922, respectively). The GenBank accession

numbers for the Marseille strain of the ELB
agent nucleotide sequence data reported in this
paper are as follows: citrate synthase-encoding
gene, AF210692; 17-kDa protein-encoding gene,
AF210693; outer membrane protein A-encoding
gene, AF210694; and outer membrane protein B-
encoding gene, AF2106695. Phylogenetic analy-
sis inferred from the comparison of gltA and
ompB nucleotide sequences with the three
analysis methods produced similar organiza-
tions. The ELB agent clustered with R. akari and
R. australis (Figure 2).
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The SDS-PAGE profile of the ELB agent differs
from those of R. conorii and R. typhi (Figure 3).
The ELB agent had a high molecular weight
protein with a molecular mass of >150 kDa,
which was not present in R. typhi (Figure 3), as
well as a 30-kDa heat-labile protein not present
in R. typhi or R. conorii. Mouse antisera had a
1:1,600 IgG titer against the ELB agent. In
Western blots (Figure 3), mouse antisera to the
ELB agent reacted strongly with high molecular
mass proteins of the agent, another protein of
about 30 kDa, and the lipopolysaccharide
antigens. Mouse antisera cross-reacted weakly
with the high molecular-mass protein antigens of
R. typhi and R. conorii.

None of the serum specimens from the
French or Brazilian blood donors had substantial
antibody titers against the ELB agent. Of the 67
sera from patients with epidemic typhus, 51
(76%) had antibodies reactive with both
R. prowazekii and the ELB agent; 66 of these sera
had lower titers to the ELB agent than to
R. prowazekii, and one specimen had the same
titer to both organisms. Eleven of the sera from

the 16 patients with murine typhus contained
antibodies reactive with both R. typhi and the
ELB agent, but titers were lower against the ELB
agent in each specimen, except for one with
identical titers to the ELB agent and R. typhi. Of
the 97 sera from patients with suspected
Mediterranean spotted fever, 30 had antibodies
to R. conorii only, and 67 had antibodies reactive
with both R. conorii and the ELB agent, with
titers identical in one patient and greater against
the ELB agent in two patients (patients 1 and 2,
Table 3). These two patients, a woman and a man
from Marseille, had febrile exanthema in 1995
and 1998, respectively. The other 64 patients had
higher antibodies to R. conorii than to the ELB
agent. Among the Brazilian patients with febrile
rash, nine had higher antibody levels to
R. rickettsii, the agent of Rocky Mountain spotted
fever, and the ELB agent; one had higher titers to
R. typhi; and two had higher titers to the ELB
agent (patients 3 and 4, Table 3). These two
patients had fever, rash, vomiting, and stupor.
Patient 3, in whom the ELB agent was identified
by sequencing following nested-PCR amplification

Figure 3. (A) Silver-stained SDS-PAGE of whole-cell protein preparations of Rickettsia conorii, the ELB agent
and R. typhi. Lane 1, R. conorii; lane 2. ELB agent; lane 3, R. typhi; lane 4, heated R. conorii; lane 5, heated ELB
agent; lane 6, heated R. typhi. Molecular weights are indicated on the left. (B) Western blot of rickettsial proteins
probed with various antisera. R. conorii antigens (lanes 2, 6, and 10), ELB agent antigens (lanes 3, 7, and 11) and
R. typhi antigens (lanes 4, 8, and 12) were probed with anti-R. conorii (lanes 2 to 4), anti-ELB agent (lanes 5 to
7) and anti-R. typhi (lanes 8 to 10) polyvalent mouse antisera. Lane 1: molecular weight marker.
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from a serum sample, had coma, thrombocytope-
nia 71,000/mL, and aspartate aminotransferase
transaminase 75 IU/mL. Three additional
Brazilian patients had similar titers against
R. rickettsii and the ELB agent. Overall, four
patients were identified as infected by the ELB
agent, and five had equally elevated antibody
levels to the ELB agent and another Rickettsia.

Of the 47 serum samples tested, only two
were positive by the nested PCR. In addition to
detecting the ELB agent in patient 3, this
technique also identified R. rickettsii in a
Brazilian patient who had much higher titers to
R. rickettsii than to the ELB agent. None of the 20
negative controls reacted in the assay.

Conclusions
Several arthropod-borne pathogenic viruses

and bacteria grow more rapidly in the laboratory
at temperatures lower than human body
temperature (25,26). Rickettsia are also better
adapted for growth at low temperatures. One of
the main microbiologic differences between the
typhus and spotted fever groups is their optimal
growth temperatures. While members of both
groups can be maintained in embryonated eggs at
37°C, optimal growth of the typhus group of
rickettsiae is 35°C and of the spotted fever group
is 32°C (27). The ELB agent has genotypic and
phenotypic characteristics typical of the spotted
fever group rickettsiae, and our failure to isolate
the organism at human body temperature
indicates that this relatively high temperature is
not optimal for the efficient recovery of the
organism, as is observed with other human
pathogens (e.g., Mycobacterium leprae, Yersinia
sp.). Our demonstration of the ability of XTC-2
cells to support the growth of the ELB agent
indicates that this cell type is an efficient tool to
test the growth of other Rickettsia species at
lower temperatures. This cell line has also proven
to be a versatile host for Bunyaviridae, including

Bunyaviruses, α-viruses, flaviviruses, and rhab-
doviruses (28).

The use of XTC-2 cells proved effective in
recovering the ELB agent from fleas, with
isolations from 19 of 20 macerated flea samples
positive by PCR for the organism. Other spotted
fever group rickettsia or arthropod-borne bacte-
ria, such as Wolbachia sp. (29) and Bartonella
bacilliformis (30), may also be cultivated more
effectively at lower temperatures by using this
cell line.

A pathogenic role of the ELB agent in four
patients from Texas and Mexico has been
demonstrated by PCR (6,31). However, because
serologic tools for the organism were not
available, the prevalence of infections by the ELB
agent in different areas has yet to be determined.
The ELB agent has been found in several species
of fleas in the United States, including C. felis
and Pulex irritans (5). These fleas, however, are
prevalent worldwide, and we have detected DNA
sequences of the ELB agent in Ethiopian fleas
independently tested for another purpose.
Although we did not obtain Brazilian fleas, we
suspect that the ELB agent has a worldwide
distribution in fleas.

Human infections with the agent also appear
to be widespread, with our results showing that 2
French patients with clinical rickettsial disease
and 2 of 16 Brazilian patients with febrile rash
had high antibody titers to the ELB agent.
Moreover, we confirmed that our PCR serology
consistently identified specific sequences of the
ELB agent in the serum of one patient; four such
cases have been reported (6,30). Our findings
indicate that further specific studies are required
to determine the distribution of the ELB agent
and the prevalence of the agent and associated
infection, but this is the first report from cases
outside the United States and Mexico.

The characteristics of our reference strain of
the ELB agent, Marseille, differ phenotypically

Table 3. Serologic studies of French (patient 1 and 2) and Brazilian (patient 3 and 4) patients with serologic evidence
of infection with the ELB agent

Antibody titers to
Patient ELB agent Rickettsia prowazekii R. typhi R. conorii R. rickettsii
no.   IgG IgM IgG IgM IgG IgM IgG IgM IgG IgM
1 2,048 64   0   0 0   0   64   64  NDa ND
2    512 32   0   0 0   0 128   32  ND ND
3 1,024 64 ND ND 0 64  ND  ND   64  64
4    512 64 ND ND 0 64  ND  ND 128  64
aND: not done
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from those reported for the lost R. felis strain (6).
Our strain does not grow at 35°C or 37°C, and its
SDS–PAGE protein profiles and Western blots
differed from those reported for R. felis and
R. typhi (3,7,8). Further studies will determine if
the reactive 30-kDa heat-labile protein observed
on Western blot could be a truncated rOmpA
protein, as predicted by genomic studies (31). By
PCR and sequencing, we identified our isolates as
the ELB agent on the basis of 100% gltA sequence
homology with the sequence available for R. felis
(5,6). Therefore, discrepancies with previously
reported phenotypic findings may result from
contamination of R. felis cultures with R. typhi,
which was reported after experiments by the
group that described R. felis (9). In our
experiments based on PCR techniques, however,
we found no evidence of contamination of our
isolate with R. typhi. To avoid confusion between
the characteristics of our isolate and those of the
previously characterized R. felis, we are
preparing a formal taxonomic characterization of
our isolate of the ELB agent.

In summary, our experiments have demon-
strated the usefulness of XTC-2 cells in isolating
arthropod-associated microorganisms. This cell
culture system allowed us to establish and make
available the Marseille strain of the ELB agent.
In addition, we have identified likely cases of
infection by the ELB agent. The techniques that
we describe should facilitate further studies to
determine the prevalence and clinical spectrum
of infection by this organism in humans.

Acknowledgments
The authors thank J. Georgi of the El Labs in Soquel,

California, for providing cat fleas, S.B. Calic and C.B.
Chamone for providing Brazilian patients’ serum specimens,
and P.J. Kelly for review of the translation.

Dr. Raoult is Director of the Unité des Rickettsies,
the national reference center for rickettsiosis and WHO
collaborative center. The laboratory is mostly involved in
the study of emerging and reemerging bacteria and ar-
thropod-borne diseases.

References
  1. Raoult D, Roux V. Rickettsioses as paradigms of new or

emerging infectious diseases. Clin Microbiol Rev
1997;10:694-719.

  2. Adams JR, Schmidtmann ET, Azad AF. Infection of
colonized cat fleas, Ctenocephalides felis (Bouché), with
a rickettsia-like microorganism. Am J Trop Med Hyg
1990;43:400-9.

  3. Higgins JA, Radulovic S, Schriefer ME, Azad AF.
Rickettsia felis: a new species of pathogenic rickettsia
isolated from cat fleas. J Clin Microbiol 1996;34:671-4.

  4. Zavala-Velasquez JE, Sosa-Ruiz JA, Zavala-Castro J,
Jimenez-Delgadillo B, Vado-Solis IE, Sanchez-Elias RA, et
al. Rickettsia felis: the etiologic agent of three cases of
rickettsiosis in Yucatan. Lancet 2000;356:1079-80.

  5. Azad AF, Sacci JB, Nelson WM, Dasch GA,
Schmidtmann ET, Carl M. Genetic characterization
and transovarial transmission of a typhus-like
rickettsia found in cat fleas. Proc Natl Acad Sci U S A
1992;89:43-6.

  6. Schriefer ME, Sacci JB Jr, Dumler JS, Bullen MG,
Azad AF. Identification of a novel rickettsial infection
in a patient diagnosed with murine typhus. J Clin
Microbiol 1994;32:949-54.

  7. Azad AF, Radulovic S, Higgins JA, Noden BH, Troyer
JM. Flea-borne rickettsioses: ecologic considerations.
Emerg Infect Dis 1997;3:319-27.

  8. Radulovic S, Higgins JA, Jaworski DC, Dasch GA, Azad
AF. Isolation, cultivation, and partial characterization
of the ELB agent associated with cat fleas. Infect
Immun  1995;63:4826-9.

  9. Radulovic S, Higgins JA, Jaworski DC, Azad AF. In
vitro and in vivo antibiotic susceptibilities of ELB
rickettsiae. Antimicrob Agents Chemother
1995;39:2564-6.

10. Trilar T, Radulovic S, Walker DH. Identification of a
natural cycle involving Rickettsia typhi infection of
Monopsyllus sciurorum sciurorum fleas from the nests
of the fat dormouse (Glis glis). Eur J Epidemiol
1994;10:757-62.

11. La Scola B, Raoult D. Diagnosis of Mediterranean
spotted fever by cultivation of Rickettsia conorii from
blood and skin samples using the centrifugation-shell
vial technique and by detection of R. conorii in
circulating endothelial cells: a 6-year follow-up. J Clin
Microbiol 1996;34:2722-7.

12. Pudney M, Varma MG, Leake CJ. Establishment of a
cell line (XTC-2) from the South African clawed toad,
Xenopus laevis.  Experientia 1973;29:466-7.

13. Gimenez DF. Staining rickettsiae in yolk-sac cultures.
Stain Technol 1964;39:135-40.

14. Teysseire N, Chiche-Portiche C, Raoult D. Intracellular
movements of Rickettsia conorii and R. typhi based on
actin polymerization. Res Microbiol 1992;143:821-9.

15. Eremeeva ME, Balayeva NM, Ignatovich VF, Raoult D.
Proteinic and genomic identification of spotted fever
group rickettsiae isolated in the former USSR. J Clin
Microbiol  1993;31:2625-33.

16. Teysseire N, Raoult D. Comparison of Western
immunoblotting and microimmunofluorescence for
diagnosis of Mediterranean spotted fever. J Clin
Microbiol 1992;30:455-60.

17. Laemmli UK. Cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature
1970;227:680-5.

18. Roux V, Fournier PE, Raoult D. Differentiation of
spotted fever group rickettsiae by sequencing and
analysis of restriction fragment length polymorphism
of PCR amplified DNA of the gene encoding the protein
rOmpA. J Clin Microbiol 1996;34:2058-65.



81Vol. 7, No. 1, January–February 2001 Emerging Infectious Diseases

Research

19. Roux V. Phylogenetic analysis and taxonomic
relationships among the genus Rickettsia. In: Raoult D,
Brouqui P, editors. Rickettsiae and rickettsial diseases
at the turn of the third millennium. Marseille:
Elsevier;1999. p. 52-66.

20. Dessen P, Fondrat C, Valencien C, Munier G.
BISANCE: a French service for access to biomolecular
databases. Cabios  1990;6:355-6.

21. Felsenstein J. PHYLIP-phylogeny inference package
(version 3.2). Cladistics 1989;5:164-6.

22. Jukes TH, Cantor CR.  Mammalian protein metabolism.
In: Munro HN, editors. Evolution of protein molecules.
New York: Academic Press; 1969. p. 121-32.

23. Saitou N, Nei M. The neighbor-joining method: a new
method for sequences. J Mol Biol 1987;16:111-20.

24. Brown JKM. Bootstrap hypothesis tests for evolution-
ary trees and other dendograms. Proc Natl Acad Sci U
S A 1994;91:12293-7.

25. Maurin M, Birtles RJ, Raoult D. Current knowledge of
Bartonella species. Eur J Clin Microbiol Infect Dis
1997;16:487-506.

26. Perry RD, Fetherston JD. Yersinia pestis: etiologic
agent of plague. Clin Microbiol Rev 1997;10:35-66.

27. Weiss E, Moulder JW. The Rickettsias and
Chlamydias. In: Kreig NR, Holt JG, editors. Bergey’s
manual of systematic bacteriology. Baltimore: Will-
iams & Wilkins; 1984; p. 687-739.

28. Watret GE, Pringle CR, Elliott RM. Synthesis of
Bunyavirus-specific proteins in a continuous cell line
(XTC-2) derived from Xenopus laevis. J Gen Virol
1985;66:473-82.

29. O’Neill SL, Pettigrew MM, Sinkins SP, Braig HR,
Andreadis TG, Tesh RB. In vitro cultivation of
Wolbachia pipientis in an Aedes albopictus cell line.
Insect Mol Biol 1997;6:33-9.

30. Bouyer DH, Crocquet-Valdes PA, Walker DH.
Expression and size determination of the rOmpa
protein of Rickettsia felis. Proceedings of the 15th
meeting of the American Society for Rickettsiology.
Florida: ASR; 2000. p. 61.

31. Roux V, Rydkina E, Eremeeva M, Raoult D. Citrate
synthase gene comparison: a new tool for phylogenetic
analysis, and its application for the rickettsiae. Int J
Syst Bacteriol  1997;47:252-61.



82Emerging Infectious Diseases Vol. 7, No. 1, January–February 2001

Research

In industrialized countries, gastroenteritis
incidence remains high, although improved
hygiene and treatment have decreased deaths
substantially (1,2). Up-to-date estimates of the
incidence, disease burden (absence from work or
school, bed rest, and use of medication),
microbiologic causes, transmission routes, and
pathogen sources are necessary to control
gastroenteritis effectively and evaluate preven-
tive measures. While numerous studies have
addressed the incidence of specific pathogens in
selected populations, little is known about the
overall incidence and relative contribution of the
broad range of pathogens that cause gastroen-
teritis. In the Netherlands, data on the incidence
of gastroenteritis are available from studies in
the early 1990s in the general population and in
general practices and from continuous labora-
tory-based surveillance (3,4). The incidence in
the general population was estimated to be 450
per 1,000 person years in 1991 (5,6). Patients
were tested for Salmonella and Campylobacter

spp., which were detected in 1.5% and 4.6%,
respectively. Of these patients, 10% reported
visiting their general practitioner (GP), and an
additional 10% reported phoning their GP. The
incidence of gastroenteritis for which a GP was
consulted was estimated to be 15 per 1,000
person years in two regions from 1987 to 1991 (7)
and 9 per 1,000 person years in 1992-1993 (8). In
these two studies, stool samples were tested for
bacterial pathogens; a small subset of these were
tested for rotavirus and adenovirus. In most
patients (67% in 1987 to 1991, 80% in 1992 to
1993), no pathogen could be detected.

In the years following these studies, new
pathogens have been identified, such as
Cyclospora, and diagnostic methods have been
designed for others (Norwalk-like viruses,
astrovirus). In addition, to meet the European
regulations on protection against zoonotic
agents, preventive measures in the veterinary
sector have been implemented to decrease
Salmonella infections in poultry (9-11). There-
fore, in 1996, a new study was started among
patients consulting a GP. The aims were to
estimate the current incidence, study the role of
several pathogens, and identify risk factors for
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From 1996 to 1999, the incidence of gastroenteritis in general practices and the role
of a broad range of pathogens in the Netherlands were studied. All patients with
gastroenteritis who had visited a general practitioner were reported. All patients who had
visited a general practitioner for gastroenteritis (cases) and an equal number of patients
visiting for nongastrointestinal symptoms (controls) were invited to participate in a case-
control study. The incidence of gastroenteritis was 79.7 per 10,000 person years.
Campylobacter was detected most frequently (10% of cases), followed by Giardia
lamblia (5%), rotavirus (5%), Norwalk-like viruses (5%) and Salmonella (4%). Our study
found that in the Netherlands (population 15.6 million), an estimated 128,000 persons
each year consult their general practitioner for gastroenteritis, slightly less than in a
comparable study in 1992 to 1993. A pathogen could be detected in almost 40% of
patients (bacteria 16%, viruses 15%, parasites 8%).
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microorganism-specific gastroenteritis. Unique
to this study, controls were included and stool
samples were tested for a broad panel of pathogens.
The same network of GPs was used as in the 1992-
1993 study, allowing a comparative analysis.

Materials and Methods
The study was performed in cooperation with

the network of GPs from the Continuous
Morbidity Registration of the Netherlands
Institute of Primary Health Care. The network
consists of approximately 44 practices that cover
1% of the Dutch population and are representa-
tive of it regarding age, gender, regional
distribution, and degree of urbanization. All
practices reported the number of consultations
for gastroenteritis by age group, gender, practice,
and week of consultation (reporting study).

Approximately 34 of the practices (33 in 1996;
35 in 1997; 36 in 1998; and 34 in 1999)
participated in the case-control study. Patients
who consulted a participating GP were asked to
complete a questionnaire and submit a stool
sample. For each case, a control was recruited on
the same day from patients who consulted their
GP for nongastrointestinal complaints. Controls
were matched by age group (<11 years, 12 years
and older). Thirty-one GPs registered the
number of the study package (containing a
questionnaire and a stool kit), which was handed
out to a participant, on a registration form with
age and gender. Participants collected the stool
samples and completed the questionnaire at
home, and then sent the samples and question-
naires directly to the National Institute of Public
Health and the Environment. The questionnaire
addressed health status, demographic character-
istics, disease burden, clinical manifestations,
and risk factors. Stool samples were tested for
Salmonella, Campylobacter, Shigella, and
Yersinia by routine culture; for verocytotoxin-
producing Escherichia coli by polymerase chain
reaction for genes for verocytotoxin 1 and
verocytotoxin 2 and eae gene; E. coli O157 by
culture on Sorbitol McConkey Agar (12,13);
rotavirus and adenovirus by enzyme-linked
immunoassay (ELISA) (Rotaclone and Adenoclone
from Meridian Diagnostics, Cincinnati, OH);
astrovirus by ELISA (IDEIA from DAKO
Diagnostics, Cambridgeshire, UK); Norwalk-like
viruses by reverse transcriptase-polymerase
chain reaction [14]; intestinal parasites by
microscopy after fixation in sodium acetate,

acetic acid, and formalin; helminthic ova, cysts,
and trophozoites by wet film (iodine stained or
unstained); for cysts by Ridley concentration
(iodine stained); for cysts of Cryptosporidium,
Cyclospora, and Isospora belli, by Ridley
concentration (Ziehl-Nielsen staining); for tro-
phozoites of protozoa and, to a lesser extent, for
cysts, by permanent stained smear (Haemaluin
staining) (15-20). Samples from May 1998 until
April 1999 were also tested retrospectively for
Sapporo-like viruses (21). All stool samples were
stored for future investigations. Standardized
protocols were used.

The case definition of gastroenteritis used in
this study was three or more loose stools in 24
hours; or diarrhea with two additional gas-
trointestinal symptoms (vomiting, nausea, fever,
abdominal cramps, abdominal pain, blood in
stool, mucus in stool); or vomiting with two
additional gastrointestinal symptoms (diarrhea,
nausea, fever, abdominal cramps, abdominal
pain, blood in stool, mucus in stool) preceded by a
symptom-free period of 2 weeks.

Statistical Analyses
Crude incidence was calculated from the

reporting study, corrected for incomplete years.
Corrections for incompleteness of participation of
GPs and cases and for list inflation (persons no
longer belonging to the practice population) were
used to calculate an adjusted incidence. List
inflation was calculated on the basis of findings in
an ongoing, population-based study, performed
in the same general practices (22).

The response rate in cases and controls was
estimated by using the registration forms.
Reported cases and cases in the case-control
study were compared by week, practice, age
group, and gender to estimate the number of
cases in both and each study part. The total cases
reported, recruited for the case-control study, or
both were used to estimate an incidence corrected
for nonresponse. A logistic regression model was
used to identify factors independently associated
with total response. A variable was excluded if
exclusion did not significantly decrease the log
likelihood of the model. Because information on
the response of recruited cases was too limited to
study effects of patients and practice characteris-
tics, only the total of known cases to participating
cases was studied in this model.

The effects on incidence of age and gender of
the patient, year of study, degree of urbanization,
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region of the Netherlands, and participation of
the sentinel practice in the case-control study
were estimated univariately; independent effects
were estimated by using Poisson regression. A
variable was excluded from the model if exclusion
did not increase the deviance significantly. Cases
that did not meet the case definition and controls
that did, according to self-reported symptoms in
the questionnaire, were excluded from analyses.

Results
The overall incidence of gastroenteritis from

May 1996 to April 1999 was 58.0 per 10,000
person years (2,264 cases/390,417 person years)
based on the unadjusted number of reported
patients of all sentinel practices. A high seasonal
peak was observed in the winter of 1996
(maximum in week 9), and lower peaks in 1998
and 1999 (Figure). Summer peaks occurred in all
years of the study but varied in period and size.

The univariate and multivariate analyses of
incidence yielded similar results (Table 1). In the
first year of the study (May 1996-April 1997),
incidence was lower than in the second (May
1997-April 1998) and third years (May 1998-April
1999). A higher incidence was observed in
practices that participated in the case-control
study, practices in rural and urban areas
(compared to those with intermediate degree of
urbanization), and practices in the East, West,
and South. The incidence was slightly higher for
women than for men and decreased from the
youngest age group to the 15- to 24-year age
group. The 40- to 64-year-old patients had the
lowest incidence. The rate ratios for the different
age groups were similar for men and women.

The response of patients was 78% (695
questionnaires completed out of 888 cases
registered on registration forms). A total of 2,553
cases were reported, recruited for the case-
control study, or both. Of these, 1,138 (45%)
patients were recruited, 888 (35%) participated
in the case-control study, and 2,165 (85%) were
reported. The incidence corrected for incomplete
participation of patients and GPs was 77.7 per
10,000 person years (2,553 cases/328,438 person
years), according to data from GPs participating
in the case-control study. The estimated list
inflation was 2.5%. Adjusting the denominator
for list inflation yielded a final incidence of 79.7
per 10,000 person years (2,553 cases/320,227
person years).

The percentage of patients recruited by GPs
decreased during the study and was higher in the
North and South (Table 2). The highest
participation rate was for patients 25-64 years of
age, mainly because a higher proportion were
recruited. Participation was relatively low for 15-
to 24-year-old patients.

The response of controls who were recruited
was 73% (554 questionnaires completed out of
765 study packages registered). The lowest
response rates for controls (42%) were found in
the 10- to 19-year-old age group. The response for
female controls was slightly higher than for male
controls (78% versus 68%). Participation was
highest for controls recruited in 1996 (82%) and
lowest in 1999 (63%).

Case-Control Study

Population of Participating Practices
The distribution of age, gender, and degree of

urbanization in the study population was similar
to that of the Dutch population.  The North was
overrepresented (20% in participating practices,
10% in Dutch population); the West was
underrepresented (32% in practices vs. 44% in
the population).

Cases and Controls
From May 1996 until April 1999, 985 cases

and 717 controls returned a questionnaire to the
National Institute of Public Health and the
Environment. Of these, 878 cases and 581
controls  could be included in the analyses. Stool
samples were examined from 857 (98%) patients
and 574 (99%) controls. The median age of
patients (29 years) was significantly lower than

Figure. Incidence of gastroenteritis per 10,000 person
years, from reporting of all sentinel practices, the
Netherlands, January 1996 to April 1999.
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that of controls (37 years). Gastrointestinal
complaints of longer than 1 month were more
frequent in patients (31.5%) than in controls
(7.3%). The percentage of patients (18%) under
treatment of a specialist was similar to that of
controls, as was the number of GP consultations
in the last 3 months (1 consultation). Patients
were slightly more often born outside the
Netherlands than controls, and the educational
level of patients was higher than that of controls
(both not statistically significantly).

Clinical Symptoms of Patients
Almost all patients reported loose stools

(Table 3). Other commonly reported symptoms
were frequent stools, abdominal pain, abdominal
cramps, and nausea. Only 12 (1.4%) patients
reported vomiting and no diarrhea. In cases with
a higher frequency of stools than normal, the
median of the maximum frequency was 6 times in
24 hours (first quartile-third quartile: 4-8 times
in 24 hours). The median duration of symptoms
before a GP was consulted was 6 days (first

quartile to third quartile: 3-20 days); 20% of
patients had been symptomatic for more than 4
weeks before consulting a GP.

Bed rest was required for 47% of patients for
a median of 2 days (mean 3.1 days); 41% of the
children who regularly visited a day-care center
had to stay home for a median of 3 days (mean 3.2
days), 58% of schoolchildren were absent from
school for a median duration of 3 days (mean 3.8
days), and 60% of working patients were absent
from work for a median duration of 2 days (mean
3.1 days). In 8% of cases, someone had to miss
school or work for a median of 1.5 days (average
2.0 days) to care for the patient; 56% of patients
used medication for gastroenteritis: 4% used
antibiotics, 18% analgesics, 27% antidiarrheic
medication, 10% oral rehydration solution, and
21% additional medications.

Symptoms and Diagnoses of Controls
A small proportion of controls (6.7%) reported

consulting a GP for gastrointestinal symptoms
when they were recruited for the study but did

Table 1. Univariate and multivariate Poisson regression analyses of the incidence per 10,000 person years

Incidence per 10,000         Crude Univariate Poisson regression Multivariate Poisson regression
person years incidence RRa 95% CIa RR 95% CI
Study year
  May 96-Apr 97   52.4 1.00        - 1.00        -
  May 97-Apr 98   62.4 1.19 1.08-1.32 1.19 1.08-1.32
  May 98-Apr 99   65.6 1.25 1.13-1.38 1.23 1.11-1.36
Participation in  case-
      control study
  Yes   65.8 2.51 2.13-2.97 2.71 2.28-3.22
  No   26.2 1.00        - 1.00        -
Urbanization
  Low   57.0 1.04 0.92-1.17 1.18 1.04-1.34
  Intermediate   55.5 1.00        - 1.00        -
  High   88.9 1.62 1.47-1.79 1.25 1.11-1.41
Region
  North   28.7 0.39 0.34-0.45 0.35 0.29-0.40
  East   71.3 0.97 0.88-1.07 0.93 0.83-1.05
  West   76.0 1.00        - 1.00        -
  South   55.5 0.75 0.68-0.84 0.78 0.69-0.88
Gender
  Male   56.8 1.00        - 1.00        -
  Female   63.4 1.12 1.03-1.21 1.12 1.04-1.22
Age (in years)
  <1 360.4 5.53 4.49-6.82 5.54 4.50-6.83
  1-4 221.5 3.40 2.94-3.94 3.36 2.90-3.89
  5-14   65.1 1.00        - 1.00        -
  15-24   51.7 0.79 0.67-0.94 0.79 0.67-0.93
  25-39   55.9 0.86 0.75-0.98 0.84 0.73-0.97
  40-64   36.5 0.56 0.48-0.65 0.56 0.48-0.65
  >65   47.7 0.73 0.62-0.87 0.72 0.61-0.85
aRR = relative risk; CI = confidence interval.



86Emerging Infectious Diseases Vol. 7, No. 1, January–February 2001

Research

Pathogens
The most frequently detected pathogens in

cases were Campylobacter, Giardia lamblia,
rotavirus, Norwalk-like viruses, and Salmonella
(Table 4). Bacterial pathogens were found almost
solely in cases, except for Yersinia and
verocytotoxin-producing E. coli. All isolated
Yersinia spp. were nonpathogenic serotypes. The
verocytotoxin-producing E. coli serotypes found
in controls were different from those found in
patients but included pathogenic types, such as
O26. E. coli O157 K-H- was isolated from one
case. The percentages of Campylobacter, Salmo-
nella, and Salmonella Enteritidis did not differ
significantly over the study years. Viral
pathogens were found in 1% to 5% of patients and
in a small percentage of controls. The possibly
nonpathogenic parasite Dientamoeba fragilis
and the nonpathogenic parasite Blastocystis
hominis were common and were found more
frequently in controls than in patients.

Table 2. Multivariate logistic regression analyses of the selection of participating cases from all cases that were
reported or participated in the case-control study, the Netherlands

Recruited or % Recruited % Part. % Total  ORc for
   reported      by GPa  casesb response response  95% CId

Gender   nie

  Male 1,178 45 79 35
  Female 1,370 44 78 35
Age (yrs)
  0    123 34 76 26 0.84 0.51-1.37
  1-4    452 40 76 31 0.89 0.63-1.25
  5-14    342 36 82 30 0.85 0.59-1.21
  15-24    265 51 65 33 1.00        -
  25-39    621 51 76 39 1.30 0.95-1.78
  40-64    487 50 85 42 1.50 1.08-2.07
  65+    254 35 92 32 0.89 0.61-1.30
Urbaniztion   ni
  Low    305 34 94 32
Intermediate 1,654 46 79 37
  High    582 45 72 32
Region
  North    281 60 83 49 2.16 1.63-2.87
  East    586 33 84 28 0.86 0.68-1.08
  West 1,034 41 73 30 1.00        -
  South    642 53 81 43 1.69 1.36-2.08
Year of study
  May 96-Apr 97    804 59 80 47 1.00
  May 97-Apr 98    841 40 81 32 0.50 0.43-0.65
  May 98-Apr 99    889 34 77 26 0.40 0.33-0.50

Total 2,553 45 78 35    -        -
aGP - general practitioner
bpart = participating.
cOR = odds ratio for participation (defined as a case questionnaire received at the National Institute of Public Health and the
Environment).
dCI = confidence interval.
eni = not included in the logistic regression model.

Table 3. Self-reported symptoms of patients, Netherlands
case-control study

No. of cases
  (N=878) % of cases

Loose stools 861 98.1
Frequent stoolsa 387 78.2
Abdominal cramps 679 77.3
Abdominal pain 673 76.7
Nausea 536 61.0
Vomiting 359 40.9
Fever 335 38.2
Mucus in stool 304 34.6
Blood in stool   97 11.0
aMore frequent than normal as perceived by the respondent.

not meet the case definition; 14% consulted for
other reasons (e.g., to pick up a prescription,
routine physical examination, accompanying a
relative); most controls gave no information (43%)
or had consultations for other symptoms (36%).
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In 37.5% of patients and 9.8% of controls, a
pathogen could be detected (excluding possibly
nonpathogenic microorganisms, Table 4). From
May 1998 until May 1999, these percentages
were increased by Sapporo-like viruses with 1.7%
in patients and 0.6% in controls. When D. fragilis
was considered a pathogen, these percentages
were 44.1% and 22.9%, respectively. The
percentage in which a pathogen was found was
similar for the 50 controls who reported
gastrointestinal symptoms (but did not meet the
case definition) and controls without gastrointes-
tinal symptoms.

Most stool samples of patients were received
at the National Institute within 1 day of
collection (57%), 21% after 2 days, 9% after 3
days, 7% after 4 days, 3% after 5 days, and 2%
after >6 days. No significant differences were
noted in the percentage of samples in which a
pathogen was detected for different postal
delays. For Campylobacter, however, a decreas-
ing trend in the proportion of positive cases was
observed with an increasing postal delay: 1 day:
12% positive, 2 days: 10%, 3 days: 9%, 4 days: 6%,
5 days 5%, 6 days or more: no Campylobacter.

Discussion

Incidence and Participation Rate
This is the first GP-based national study in

the Netherlands covering the role of a wide range
of microorganisms in a representative population
of gastroenteritis patients and controls. Only
England has conducted a similar study.

The incidence of gastroenteritis in general
practices was estimated at 79.7 per 10,000 person
years, suggesting that in the Netherlands, 1 in
every 125 persons, or 128,000 persons, will seek
physician care for gastroenteritis every year.
This estimate was adjusted for list inflation and
partially for nonparticipation (15%) of GPs but
not for the number of underascertained cases
absent from both study components. In a similar
study in England, underascertainment was
estimated to be 36% (23). The correction for list
inflation (2.5%) in our study should be considered
a minimum estimate because only patients who
were actively reported as no longer belonging to
the general practice population were counted; by
contrast, the more active approach in England
(searching medical records of nonrespondents)

Table 4. Microorganisms detected in patients and controls

Patients Controls
(N=857) (N=574)

  N    %    N    %
Salmonella spp.   33   3.9     1   0.2
    S. Enteritidis   12   1.4     0   0.0
    S. Typhimurium   11   1.3     1   0.2
    other Salmonellaea     9   1.1     0   0.0
Campylobacter spp.   89 10.5     3   0.5
    C. jejuni   77   9     3   0.5
    C. coli     7   0.8     0   0.0
    other species     5   0.6     0   0.0
Yersinia spp.     6   0.7     6   1.1
    Y. enterocoliticab     5   0.6     5   0.9
    Y. frederikseniic     1   0.1     1   0.2
Shigella spp.     1   0.1     0   0.0
    S. flexneri     1   0.1     0   0.0
VTECd     4   0.5     3   0.6
Rotavirus   45   5.3     8   1.4
Adenovirus   19   2.2     2   0.4
Astrovirus   13   1.5     2   0.4
Norwalk-like viruses   43   5.0     6   1.1
Sapporo-like virusese     5   2.1     1   0.6
Giardia lamblia   46   5.4   19   3.3
Entamoeba histolytica/     9   1.1     4   0.7
  dispar
Cryptosporidium   18   2.1     1   0.2
Cyclospora     1   0.1     1   0.2
(Possibly) nonpathogenic
  microorganisms
    Dientamoeba fragilis   88 10.3   84 14.6
    Blastocystis hominis 185 21.7 172 30.0
    Endolimax nana   14   1.6   14   2.4
    Enteromonas hominis     2   0.2     1   0.2
    Chilomastix mesnili     1   0.1     0   0.0
    Entamoeba hartmanni     0   0.0     2   0.4
    Enterobius vermicularis     0   0.0     1   0.2
    Iodamoeba butschlii     0   0.0     1   0.2
aS. Heidelberg, S. Thompson, S. Kottbus, S. Montevideo,
S. Manhattan, S. Anatum, S. Arizona, Salmonella group B
(not fully typeable).
bSerotypes of Y. enterocolitica in patients: O6,31 (biotype
1a), O6,30; O6,30 (biotype 1A), one not typeable, one not
typed. In controls: two O4 (biotype 1A); O65 (biotype 1A),
O7,8 (biotype 1A); one not typeable.
cSerotypes of Y. frederiksenii: O16a,58 (case); O16AB,29
(control).
dVTEC=verocytotoxin-producing Escherichia coli: positive
for eae gene and genes for either SLT1 or SLT2. VTEC
serotypes in cases: O157 K-H-, O98 K-, O145 K-, one not
typeable. In controls: O26, O145 K-, one not typeable
eSapporo-like viruses have only been tested for the last
study year (May 98–Apr 99; 240 cases and 160 controls).
Genotypes in cases: 4 Sapporo, 1 London, genotype in
control: Sapporo.
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yielded an  estimate of 10% (23). Consequently,
the incidence from our study must be considered
a conservative, but the best available, estimate.

A previous estimate of the incidence of
gastroenteritis in a GP-based study in 1992 to
1993 in the Netherlands was somewhat higher at
90 cases per 10,000 person years (not corrected
for list inflation) (8). Since the percentages of
Salmonella and Campylobacter have also
decreased since 1992-1993 (from 5% to 4% and
from 14% to 10%, respectively), the decrease in
incidence could partially be due to preventive
measures in the poultry industry that focused on
Salmonella Enteritidis, but as expected, also
caused a slight decrease in Campylobacter
infections in poultry. Nevertheless, these mea-
sures were not fully implemented until April
1997, and therefore a decreasing trend in the
incidence within the study period would be
expected, which was not observed for gastroen-
teritis as a whole, nor for the percentages positive
for Salmonella and Campylobacter. Several other
factors might have contributed to this decrease,
such as a more widespread use of Hazard
Analysis and Critical Control Points in the food
production industry, greater awareness and
knowledge in the population about foodborne
infections, and a change in consultation behavior
because of GPs’ increasing deferral policy for
gastroenteritis.

The low incidence in the first study year was
presumably due to the absence of a winter peak in
1996 to 1997. Such peaks coincide with an
increase in infections with enteric viruses, such
as astrovirus, rotavirus, and calicivirus (24-26).
Therefore, the variation in incidence in different
years likely is due to the annual fluctuation of the
peaks in viral pathogens.

Our data indicate an incidence almost
fourfold lower than the incidence in England. The
GP-based incidence of gastroenteritis estimated
for England in a study from 1993 to 1996 was 330
per 10,000 person years after correction for list
inflation and underreporting (27). In Wales in
1992, an incidence of 244 per 10,000 person years
was found (28). Most likely, gastroenteritis
patients’ higher consultation rate in England
accounts for the difference: approximately 1 in 6
gastroenteritis case-patients in England consult
a GP, whereas an estimated 1 patient in 10 to 1
patient in 50 does in the Netherlands (5,6,8). A
lower consultation rate could be explained by

Dutch GPs’ policy of deferring gastroenteritis
cases. In the Dutch Guidelines for Acute
Diarrhea, a consultation by telephone is
considered adequate for uncomplicated acute
diarrhea and can be dealt with by the GP’s
assistant (29). Of the 19 participating GPs who
completed a questionnaire at the end of our
study, 12 (63%) reported fully or partially
discouraging patients with gastroenteritis from
visiting their practice. In England, a deferral
policy for consultations for gastroenteritis is not
common.

The incidence of gastroenteritis was indepen-
dently associated with degree of urbanization
and geographic region. The incidence was the
lowest in the North, as was found in the study in
1992 to 1993 (8). This cannot be explained by a
lower response rate (Table 2). A higher incidence
was found in areas with a high or low degree of
urbanization than in areas with an intermediate
degree of urbanization. Other studies also report
a higher incidence in urban areas (30). Possibly, a
high population density causes an increased risk
for person-to-person transmission. In rural
areas, contact with animals, manure, and raw
products could be more frequent than in more
urbanized regions, possibly leading to higher
levels of exposure to zoonotic pathogens. An
analysis of risk factors for each pathogen will be
published after an ongoing population-based
study is completed. The differences in incidence
could also reflect differences in consultation
behavior.

Patient-related factors that were indepen-
dently associated with incidence were patient’s
gender and age. The incidence was higher for
women than for men and was clearly higher in
the youngest age groups, consistent with other
studies (5,8,28,31-33). Although several studies
have reported a higher disease burden for the
elderly, no increase in the incidence of
gastroenteritis was observed in our study (1).
Possibly, the higher risk for gastroenteritis for
the elderly is limited to the relatively weaker
persons living in nursing homes (25). Because
these homes usually have their own GP, the
proportion of persons living in nursing homes
could be underrepresented in this study.

Pathogens
Bacteria were detected in 16.3% of patients,

viruses in 15.4%, and pathogenic parasites in
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8.3%. The higher participation of the northern
region might have increased the percentage of
Salmonella Typhimurium because S. Typhimuri-
um is predominant over S. Enteritidis in this
region, in contrast to the rest of the Netherlands
(34). The order of relative importance of
pathogens in general practices was similar for
the Netherlands and England, although the
percentages positive for viruses and bacteria in
this study were slightly lower than in England
and the percentages positive for parasites were
slightly higher. Because bacteria and viruses are
more often detected in patients with acute
diarrhea, whereas parasites tend to cause less
fulminant but intermittent and long-lasting
symptoms that might lead to delayed consulta-
tion, these differences could be due to the
exclusion of persons with symptoms lasting
longer than 2 weeks in the English study (35,36).
In our study, 32% of patients had symptoms >2
weeks’ duration (36). In addition, we used
formalin-fixed material to detect parasites, and
four different preparations were examined,
which increased the sensitivity of microscopy
examination, compared to the use of nonfixed
material and the examination of three different
preparations in the English study (37). The lower
participation of patients in the last 2 years of the
study might have caused an underestimate of
viral pathogens because the seasonal viral peak
was relatively low in the first year (24,38). In
spite of a less sensitive method of testing for
Norwalk-like viruses (electron microscopy in
England versus reverse transcriptase-poly-
merase chain reaction in the Netherlands), the
percentage of stool samples positive for Norwalk-
like viruses is higher in England (36). The low
response for the younger age groups might also
have reduced the percentage of rotavirus,
Sapporo-like viruses, and to a lesser degree
Norwalk-like viruses, which are most common in
young children (24). Differences in the proportion
of specific pathogens in the English study and in
our study may also be explained by differences in
consultation rates. A lower threshold for
consulting a GP might increase the proportion of
pathogens that cause relatively mild gastroen-
teritis, such as Norwalk-like viruses.

Parasites that were (possibly) nonpathogenic
were more frequently found in controls than in
patients. A more detailed study of differences
between patients and controls with these parasites

might identify factors related to the development
of disease after infection with these parasites.

Diagnostic Deficit
In spite of a diagnostic panel that included

most of the known pathogens that can cause
gastroenteritis, the percentage of patients in
which no pathogen could be detected was 61%
(including Sapporo-like viruses in 1998 and
excluding D. fragilis and nonpathogenic para-
sites). Some cases could be noninfectious because
an exclusive distinction between infectious and
noninfectious intestinal disease cannot be made
clinically. The high percentage of patients with
chronic gastrointestinal symptoms suggests that
a substantial proportion might not be infectious
but an expression of other illnesses, such as
inflammatory bowel disease. The symptoms
might also be caused by intestinal microorgan-
isms not included in this study or not yet known.
Several pathogens, such as Campylobacter,
verocytotoxin-producing E. coli, and torovirus
have only recently been recognized as a cause of
gastroenteritis, and it is likely that new
pathogens will be added to this list (39). In
addition, we did not screen for some pathogens,
such as some pathogenic E. coli (e.g., enterotoxi-
genic E. coli, enteroinvasive E. coli) and bacterial
toxins (Bacillus spp, Clostridium difficile cytotoxin,
C. perfringens enterotoxin), which were associat-
ed with 15% and 6% of the cases, respectively, in
the English study (36). However, all stool samples
from our study were stored and are currently being
tested for Sapporo-like viruses and can be tested
for other pathogens. Also, intestinal symptoms
can be caused by nonintestinal infections, such as
influenza, not included in our study. Approxi-
mately one quarter of gastroenteritis cases in an
American population-based study coincided with
respiratory disease (31). Detection of pathogens
in the study is also influenced by logistics factors
and the sensitivity of the testing method. The
timing of sampling was not ideal in many cases;
because of the relatively long patient delay, some
pathogens might no longer have been excreted in
the stool at the time of sampling. Some
pathogens, such as Campylobacter, do not grow
in culture after a long delay in shipping. At
present, we are conducting a study on
gastroenteritis in the community to elucidate the
role of sampling time and referral behavior on
pathogen-specific incidence.
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Bacterial infections are prototypical emerg-
ing diseases (1), and their recent history
challenges the premature view that the battle
against infectious diseases had been won. In the
last 25 years, disease caused by multidrug-
resistant Streptococcus pneumoniae became
established on several continents, reaching the
United States by the 1990s (2-4), and fatal
infections caused by S. pyogenes (group A
Streptococcus), a problem of the 19th century (5),

have returned in toxic and necrotic forms (6). By
the 1970s, group B Streptococcus replaced gram-
negative bacteria and Staphylococcus aureus as
the leading cause of sepsis in newborns (7,8).
Researchers tackled the public health challenge
of developing vaccines to protect children against
the major causes of bacterial meningitis:
Haemophilus influenzae type b, S. pneumoniae,
and Neisseria meningitidis (9,10). A critical step
for response to microbial adaptation is establish-
ing a reliable tracking system. We describe
active, population-based surveillance for serious
bacterial infections that was established by the
Centers for Disease Control and Prevention
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Active Bacterial Core surveillance (ABCs) is a collaboration between the Centers
for Disease Control and Prevention and several state health departments and
universities participating in the Emerging Infections Program Network. ABCs conducts
population-based active surveillance, collects isolates, and performs studies of invasive
disease caused by Streptococcus pneumoniae, group A and group B Streptococcus,
Neisseria meningitidis, and Haemophilus influenzae for a population of  17 to 30 million.
These pathogens caused an estimated 97,000 invasive cases, resulting in 10,000
deaths in the United States in 1998.  Incidence rates of these pathogens are described.
During 1998, 25% of invasive pneumococcal infections in ABCs areas were not
susceptible to penicillin, and 13.3% were not susceptible to three classes of antibiotics.
In 1998, early-onset group B streptococcal disease had declined by 65% over the
previous 6 years. More information on ABCs is available at www.cdc.gov/ncidod/dbmd/
abcs. ABCs specimens will soon be available to researchers through an archive.
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(CDC) as part of its response to emerging
infectious diseases (11,12).

Active Bacterial Core surveillance (ABCs)
was designed to estimate the burden of
community-acquired invasive bacterial infec-
tions that typically manifest as sepsis and
meningitis. The system determines incidence
and trends of these diseases in a multistate
population and uses molecular and microbiologic
methods to characterize the organisms causing
infection. As prevention strategies against some
pathogens are used routinely (9,13,14), ABCs
evaluates their impact and identifies missed
opportunities for their application.  Established
in four states in 1995, ABCs now operates within
the eight states of the Emerging Infections
Program (EIP) network, representing a popula-
tion of more than 30 million and ascertaining
cases from more than 600 clinical microbiology
laboratories. A ninth EIP state, Colorado, initiated
ABCs during 2000. ABCs currently focuses on
surveillance and special studies related to five
pathogens: S. pneumoniae, H. influenzae, N.
meningitidis, group A Streptococcus (S. pyogenes),
and group B Streptococcus (S. agalactiae).

ABCs’ predecessor was the active surveil-
lance program for invasive bacterial diseases
established in 1988 (also sponsored by CDC),
which evaluated the efficacy of H. influenzae type
b vaccines in infants (15), identified dietary risk
factors for sporadic listeriosis (16,17), and
compared the cost-effectiveness of strategies for
preventing group B streptococcal disease in
newborns (18). ABCs has expanded the scope of
targeted conditions to address additional emerg-
ing infections such as necrotizing fasciitis (the so-
called flesh-eating disease) and streptococcal
toxic-shock syndrome, both severe manifesta-
tions of disease caused by group A Streptococcus.
ABCs also now monitors the emergence of drug
resistance in the community-acquired pathogen
S. pneumoniae. ABCs is one of three core
activities conducted by  EIPs; the others are
FoodNet (19) and the Unexplained Critical
Illness and Death Project (20). This article, a
progress report of the first 5 years of the EIP
network’s ABCs project, identifies easily acces-
sible resources from this system for public health
and infectious disease constituencies.

ABCs Methods
In 1999, ABCs was conducted in Connecticut

as well as in part or all of the following states:

California, Georgia, Maryland, Minnesota, New
York, Oregon, and Tennessee (Figure 1). (For
certain pathogens, surveillance is conducted
statewide in Georgia, Maryland, Minnesota,
and Oregon).  The total population under
surveillance in 1998 ranged from approxi-
mately 17.4 million for S. pneumoniae to 30.4
million for N. meningitidis.

A case is defined as isolation of one of the five
pathogens from a usually sterile site (e.g., blood,
cerebrospinal fluid, pleural fluid) in a resident of
one of the surveillance areas. Detailed methods of
case-finding, data collection, and laboratory
audits conducted within ABCs have been
described (10,21). The key features are active
ascertainment of cases by state-based surveil-
lance officers, who make regular contact with
microbiology or infection control practitioners in
all clinical microbiology laboratories processing
sterile site cultures for the surveillance area;
collection of isolates of the specified pathogens for
laboratory testing by ABCs personnel (Table 1);
and semiannual audits of all participating
laboratories to identify missed cases. Because the
surveillance is population-based and cases
identified by audits are included in the final
database, ABCs data are used to monitor
incidence of these diseases in a large, defined
population. With the use of race- and age-
adjustment, ABCs data also permit annual
projections of the estimated incidence as well as
the estimated number of cases and deaths
occurring in the entire United States. For
national projections, cases with unknown race

Figure 1. States included in Active Bacterial Core
surveillance in 1999. Surveillance for all pathogens
was conducted statewide in Connecticut but in
selected counties only for some or all pathogens in the
other states.
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are distributed by area, on the basis of reported
race distribution for known cases within eight age
categories. U.S. census data for counties under
surveillance and natality data on live births are the
sources of denominators for incidence calculations;
the most recent year’s population data available
with age and race information at the county level
are used for rate calculations.

Core surveillance activities include collecting
epidemiologic and clinical data and characteriz-
ing isolates in terms of antimicrobial susceptibil-
ity, serotype or serogroup, and subtyping. ABCs
also conducts special studies that use the
surveillance infrastructure but require collection
of additional data by chart review, patient
interviews, or analysis of ABCs data together
with complementary data sources. ABCs uses the
following indicators to monitor performance:
sensitivity of >90% for active surveillance (based
on total cases detected by surveillance and the
laboratory audit); collection of >85% of isolates
from cases; and enrollment of 90% of eligible
participants into special studies.

ABCs is overseen by a steering committee
consisting of CDC and state EIP representatives
as well as external advisors from the public
health, infectious disease, and microbiology
fields. These parties convey views from key
constituents and annually evaluate the need to
add or subtract pathogens for surveillance. In
1999, CDC’s National Center for Infectious
Diseases awarded $10.7 million through coopera-
tive agreements to eight EIP states; approxi-
mately $2.5 million (23%) of these funds
supported ABCs-related activities.

Results

Surveillance Highlights
In 1998, 6,992 cases of invasive disease

caused by the five pathogens were reported from
the eight sites. The rates of invasive disease (per
100,000) ranged from 1.0 for N. meningitidis to
24.1 for S. pneumoniae (Table 2). An estimated
97,000 invasive infections and 10,000 deaths per
year in the United States are due to
S. pneumoniae, group A and B streptococci,

Table 1. Laboratory characterization of isolates collected
as part of the Active Bacterial Core surveillance program

Pathogen Test(s)
Group A Streptococcus emm- and T-typing for all

invasive isolates; antimi-
crobial susceptibility
testing of periodic samples

Group B Streptococcus Serotyping and antimicro-
bial susceptibility testing
of  isolates for selected
surveillance areas

Haemophilus influenzae Serotyping of all isolates
(a-f); molecular subtyping
of isolates as part of
special projects

Neisseria meningitidis Molecular subtyping of
isolates in  conjunction
with vaccine development;
antimicrobial resistance
on isolates periodically

Streptococcus pneumoniae Antimicrobial suscepti-
bility testing for all
invasive isolates;
serotyping on all invasive
isolates since January 1,
1998; subtyping of a
sample of isolates using
genotyping methods

Table 2. Incidence, case-fatality ratio, projected U.S. cases and deaths, and proportion nonsusceptible to penicillin of
invasive disease identified in the Active Bacterial Core surveillance (ABCs), 1998

     Group A      Group B Haemophilus    Neisseria Streptococcus
 Streptococcus  Streptococcus   influenzae meningitidis  pneumoniae

Aggregate incidencea     3.8     6.5     1.4     1.0    24.1
Range by areaa 2.6 - 4.1 4.8 - 8.5 1.1 - 2.3 0.6 - 2.0 20.0-28.9
Case- fatality ratio   12.2%    9.5 %   13.9%    13.7%     9.3%
  in ABCs areas
Projected U.S. cases 10,200 17,400   3,900   2,500   63,000
Projected U.S. deaths   1,300   1,700      500      400     6,100
Penicillin nonsusceptibilityb     0     0      - -    1.1%    25.0%
aIncidence = cases per 100,000.
bNonsusceptible includes isolates classified as either intermediate or resistant to penicillin. Results reflect testing of group A
streptococcal isolates from 1997 (n=183) and group B streptococcal isolates from 1997 and 1998 combined (n=188).
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H. influenzae, and N. meningitidis. Despite
continued availability of effective antimicrobial
agents for each pathogen, approximately 1 in 10
cases results in death (Table 2). Substantial
geographic variation exists in the incidence of
invasive infections caused by each pathogen
(Table 2). Among invasive S. pneumoniae
infections, the proportion caused by drug-
resistant organisms was three times higher in
some areas than others (4); 8.4% of invasive
pneumococci from New York were fully resistant
to penicillin (MIC >2.0), while 25.4% of isolates
from Tennessee were penicillin resistant. No
penicillin-nonsusceptible (intermediate or resis-
tant) strains of group A or group B Streptococcus
have been detected to date.

Recent temporal changes are most dramatic
for invasive group B streptococcal disease among
infants less than 1 week old (i.e., early-onset
disease), which declined 65% from 1993 to 1998
(Figure 2), during a period when the incidence of
disease in older infants and adults remained
stable (22). Data from ABCs provide a reliable
standard for evaluating alternative methods for
surveillance of drug resistance in S. pneumoniae,
including sentinel surveillance methods (4) and
use of aggregate data from antibiograms from
multiple hospitals (23). The recent emergence of
serogroup Y meningococci, demonstrated by ABCs,
suggests that vaccine companies should consider
incorporating serogroup Y in new meningococcal
vaccines. In addition, the diversity in the outer
membrane proteins of serogroup B meningococ-
cal strains suggests that vaccines against these

proteins may not be efficient means of preventing
endemic serogroup B meningococcal disease.

Applied Research
The population-based collections of isolates

from ABCs are used to evaluate subtyping
methods (24), identify genetic mechanisms of
antimicrobial resistance, determine vaccine
formulations (25,26), and assess capsular
switching among organisms (for vaccines based
on capsular types) (27,28). ABCs has identified
population-based risk factors for disease in
various age groups (Table 3). A case-control study
of invasive pneumococcal disease in young
children showed that attendance at day care was
associated with a substantial attributable risk for
disease (29). A similar study of invasive
pneumococcal disease in 18- to 64-year-old adults
who were not immunocompromised identified
active and passive smoking, in addition to
household contact with a child in day care, as
independent risk factors for disease (30). Models
of age- and serogroup- or serotype-specific rates
of invasive meningococcal and pneumococcal
disease in the ABCs population have compared
the potential impact of diverse immunization
strategies for meningococcal and combined
meningococcal-pneumococcal vaccines on disease
prevention (32). The increased risk for pneumo-
nia death occurring several days after illness
onset associated with antimicrobial-resistant
strains of S. pneumoniae was demonstrated by
using multistate clinical and epidemiologic data
from ABCs (33).

Figure 2. Invasive
group B streptococ-
cal disease in in-
fants less than 1
week of age per
1,000 live births
and in adults >65
years of age per
100,000 population,
Active Bacterial
Core surveillance,
1993-1998 (adapted
from ref. 22).
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Infrastructure
ABCs provides participating state health

departments active contact with all acute-care
hospitals and reference microbiology laborato-
ries in the surveillance area. This network
provides an infrastructure for public health
communication and education, as well as a
network of key contacts available for response to
new or emerging concerns. Periodic surveys of
laboratories within ABCs determined the
adequacy of methods used to detect group B
Streptococcus from prenatal screening specimens
(34), the computerization of clinical microbiology
laboratories and readiness for electronic labora-
tory-based reporting, and the routine procedures
used by ABCs laboratories to detect antimicrobial
resistance among S. pneumoniae, S. aureus, and
several other organisms (35). ABCs and other
EIP personnel have provided assistance with
multistate response efforts to determine the
burden of Creutzfeldt-Jakob disease (36) and
contributed to efforts to determine the rate of
rotavirus vaccine-related intussusception (37).
Further, the presence of ABCs personnel in state
health departments and academic institutions
has strengthened communication links required
for accurate reporting and feedback.

Prevention
Since publication of consensus guidelines for

the prevention of group B streptococcal disease in
newborns, ABCs assessed the implementation of
prevention practices and identified opportunities
for preventing more cases. ABCs showed that
hospital obstetric programs’ adoption of policies
to prevent group B streptococcal infection
increased significantly (38) and that hospitals

that had adopted or revised a policy in 1996 had
significantly fewer cases in 1997 (39). ABCs is
also tracking the characteristics of newborn
group B streptococcal cases that continue to occur
despite prevention guidelines to determine
whether these represent failures of intrapartum
antibiotic prophylaxis or failure to offer such
prophylaxis to mothers at risk. In several EIPs,
pilot prevention programs are in place to identify
efficient ways to reduce the incidence of disease
caused by ABCs pathogens. These include a
multifaceted program to reduce inappropriate
antibiotic use in the Baltimore metropolitan area
and efforts to promote pneumococcal polysaccha-
ride vaccine in populations at high risk in
Rochester, New York; Minneapolis-St. Paul,
Minnesota; metropolitan Atlanta, Georgia; and
Portland, Oregon. The Connecticut and Minne-
sota health departments conducted demonstra-
tion projects that integrated prevention of
group B streptococcal disease into routine
perinatal care, building on successes with
hepatitis B perinatal prevention programs and
contributing to reduction of perinatal HIV
transmission (40,41).

Discussion
Nearly 100,000 invasive infections and

10,000 deaths caused by ABCs pathogens occur
annually in the United States. Because few states
routinely collect data and isolates for all of these
infections, ABCs helps monitor disease and
evaluate prevention programs at the national
level. ABCs has now developed robust estimates
of the magnitude of disease and deaths attributable
to the five invasive pathogens (Table 2). A
number of future priorities have been identified

Table 3. Population-based risk factors for invasive disease, identified by Active Bacterial Core surveillance

      Age group, Factors associated with increased
Pathogen      other criteria    risk by multivariate analysis      References
Streptococcus pneumoniae       <5 years old Child-care attendance, underlying         29

  conditions, lack of breast-feeding,
  household crowding

    18-64 years old, Active or passive smoke exposure,         30
     not immuno-   black race, chronic diseases, household
     compromised   contact with child in day care

Neisseria meningitidis          All ages Active or passive smoke exposure,         31
  underlying conditions, steroid use,
  attendance at new school

Group B Streptococcus       <7 days old Black race, low birth weight,  CDC, unpub.
  maternal age <20 years        data
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that take advantage of the careful characteriza-
tion of isolates associated with invasive infection.
Licensure and introduction of a seven-valent
conjugate vaccine against S. pneumoniae neces-
sitate evaluation of the impact of this new
prevention tool on target populations (Table 4).
Of particular interest will be evaluating whether
indirect effects similar to those seen with the Hib
vaccine (42) occur. The large birth cohort under
surveillance through ABCs and the longitudinal
data on both early-onset cases and hospital
policies for disease prevention offer the opportu-
nity to compare the two alternative strategies for
group B streptococcal prevention (screening-
based vs. risk-based) through two studies during
the next few years. ABCs will continue to
contribute to tracking progress in Hib elimina-
tion, monitor for emergence of other serotypes of
H. influenzae, and provide data on strain-specific
disease (e.g., serotype, serogroup, outer mem-
brane type). Such information is valuable for
evaluating new vaccines for group B Streptococ-
cus and serogroup B meningococcus. ABCs data
will also be used to define clusters of invasive
group A streptococcal disease and to model the
impact of possible strategies and new formula-
tions of pneumococcal vaccines targeted against
pneumococcal pneumonia in adults (Figure 3) as
well as vaccines targeted against invasive group
A Streptococcus syndromes.

The molecular biology revolution and im-
proved understanding of host-pathogen interac-
tions offer great potential to advance knowledge
about ABCs bacteria. Emerging antimicrobial
resistance and other forms of pathogen adapta-
tion (e.g., capsular switching) lend an urgency to
such research. Specimens from invasive disease
surveillance represent well-characterized, popu-
lation-based collections with relevant clinical and
demographic information. These provide a

valuable resource for basic and applied research
focused on issues as varied as new drug and
vaccine development, evaluation of mechanisms
of virulence and antimicrobial resistance, and
genetic research. ABCs is planning to make these
strains available to outside researchers and
industry through a preserved collection. Such a
specimen bank could provide a lasting legacy of
the work of hundreds of infection control
practitioners, clinical microbiology laboratories,
and ABCs surveillance collaborators.

To ensure that ABCs’ lessons learned within
the EIP network reach other public health
constituents, a number of efforts are under way.
Additional details of the surveillance system and
outreach materials are available at http://
www.cdc.gov/ncidod/dbmd/abcs. Other educa-
tional materials are available at http://
www.cdc.gov/ncidod/dbmd/gbs and at http://
www.cdc.gov/ncidod/dbmd/antibioticresistance.
For laboratories evaluating new strains of group
A Streptococcus, genetic sequencing data of all
strains described thus far are also available on
the web. A similar site for meningococcal isolates
is under development.

Conclusions
ABCs is a model of collaboration between

public health and academia. The system provides
reliable data that can be used to address critical
public health concerns, improve understanding
of emerging infections, and help prevent the
consequences of these infections. While the
past 5 years have helped quantify the
magnitude of disease caused by these patho-
gens and document increasing antibiotic
resistance in some of them, the future provides
several challenges. To remain a vital component

Table 4. Future priorities for Active Bacterial Core
surveillance (ABCs) project

1. Define invasive group A Streptococcus clusters.
2. Determine effectiveness of screening vs. risk-

based prevention strategies for perinatal group
B streptococcal disease.

3. Determine feasibility of eliminating invasive
disease caused by Haemophilus influenzae type b.

4. Quantify culture-negative, polymerase chain
reaction-positive meningitis.

5. Measure direct and indirect effects of
introducing a seven-valent pneumococcal
conjugate vaccine.

Figure 3. Age-specific incidence (per 100,000) and
case-fatality ratio (percent) of invasive pneumococcal
disease, Active Bacterial Core surveillance, 1998.
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in the nation’s efforts to prevent and control
emerging infectious diseases, ABCs will need to
incorporate surveillance and research tools of the
21st century, including electronic laboratory-
based reporting, genotyping of pathogens, and
improved communication to promote behavioral
change and adoption of practice guidelines.
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The tropical moist broadleaf forests of Latin
America are an important region for conservation
of biodiversity (1). In the Amazon Basin (area
8,214,284 km2), blocks of original habitat are still
intact, while some ecoregions1 are almost
completely converted or degraded, allowing
major components of biodiversity to steadily
erode (1,2). Populations of several endangered
wildlife species have declined, and human
habitat and land use are considered a threat to
most native species and communities.

Palm trees propagate in ecoregions of the
Amazon Basin ecosystem amid other vegetation
or in enormous palm forests. Of approximately
2,800 palm species worldwide, 387 (13.8%) are
native to the basin (3,4). Palm trees have been

used to study the evolution of biological diversity
and are excellent markers of ecologic fitness in
the Amazon Basin (2,4). In addition, these trees
may play an important role in the forest
ecosystem. Palm trees produce 15 tons of dry
organic material per hectare per year (threefold
more than other species of trees) and recuperate
more rapidly after fire than other forest species.
A single native palm tree may serve as shelter
and food for diverse fauna (wild mammals,
snakes, scorpions, spiders, amphibians, and
many species of insects). Palm trees are also an
important economic resource for residents of the
Amazon region, who collect and sell palm roots,
stipe, leaves, fruits, seeds, heart of palm, and
inflorescences (4,5). The babassu palm (Attalaea
phalerata) reaches an average density of 200
trees per hectare in the state of Maranhão, but
lower densities were reported in the states of
Piaui, Goiás-Tocantins, and Mato Grosso (5), where
babassu trees number an estimated 11 x 108.
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A trophic network involving molds, invertebrates, and vertebrates, ancestrally
adapted to the palm tree (Attalaea phalerata) microhabitat, maintains enzootic
Trypanosoma cruzi infections in the Amazonian county Paço do Lumiar, state of
Maranhão, Brazil. We assessed seropositivity for T. cruzi infections in the human
population of the county, searched in palm trees for the triatomines that harbor these
infections, and gathered demographic, environmental, and socioeconomic data.
Rhodnius pictipes and R. neglectus in palm-tree frond clefts or in houses were infected
with T. cruzi (57% and 41%, respectively). Human blood was found in 6.8% of R. pictipes
in houses, and 9 of 10 wild Didelphis marsupialis had virulent T. cruzi infections.
Increasing human population density, rain forest deforestation, and human predation of
local fauna are risk factors for human T. cruzi infections.

1In this study, a major ecosystem is defined as a set of ecoregions of comparable dynamics, response characteristics to disturbance,
species diversity, and conservation needs. An ecoregion is a geographically distinct set of natural communities with similar species,
ecologic dynamics, environmental conditions, and ecologic interactions critical for long-term persistence (1).
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Not much attention has been given to human
health conditions in this ecosystem (6), probably
because pathologic conditions in tropical broad-
leaf forests are difficult to quantify in these
isolated, often impoverished communities. Nine-
teen sylvatic species of triatomines were identified
in the Amazon Basin (7-10), six in association
with palm tree microhabitats (Table 1). Eleven of

these species were infected with Trypanosoma
cruzi or T. cruzi-like flagellates (17,18). None of
these triatomine species, with the possible
exception of T. rubrofasciata, have adapted to
human habitats in the Amazon Basin (19). Since
1924, when T. cruzi infection in wild squirrel
monkeys (Crisotrix sciureus) was described (20),
sporadic human T. cruzi infections have been
reported in the basin (21). However, this enzootic
protozoan infection received attention only after
1969, when acute cases of human Chagas disease
were described in Belém, State of Pará, Brazil
(22,23). Further evidence shows that T. cruzi
infections are endemic in the Amazon Basin (12-
15,21-28) (Figures 1 and 2).

Spellerberg and Hardes (29) describe the
major threats to  rain forest conservation as
shifting agriculture, cattle ranching, logging, and
industrialization (mining, hydroelectric dams),
to which we add land colonization. We

Table 1. Reservoir hosts, triatomines and palm trees
participating in the life cycle of transmission of
Trypanosoma cruzi in the Amazon Basin
Mammal hosts of T. cruzia

  Primata
  Marsupialia
  Edentata
  Rodentia
  Carnivora
  Artiodactyla
  Chiroptera
Triatomines
  Belminus herreri
  Cavernicola lenti
  C. pilosab

  Eratyrus mucronatusb

  Microtriatoma trinidadensisb

  Panstrongylus geniculatusb

  P. rufotuberculatusb

  P. lignariusb

  P. arthruri
  Rhodnius brethesi
  R. nasutus
  R. neglectusb

  R. paraensisb

  R. pictipesb

  R. prolixusb

  R. robustusb

  Triatoma maculata
  T. rubrofasciata
  T. rubrovaria
Palm trees
  Acrocomia aculeata
  A. sclerocarpac

  Astrocaryum aculeatum
  Attalaea phaleratac

  A. vulgare
  Bactris gasipaes
  Euterpe oleraceac

  E. precatoria
  Leopoldina piassaba
  Mauritia flexuosac

  Maximiliana elegansc

  M. regia
  Oenocarpus bacaba
  O. bataua
  O. mapora
  Phytelephas macrocarpa
  Scheelea martiana
  Sheelea sp.c
a>100 mammal wildlife species are reservoirs of T. cruzi (11).
bTriatomine species found with T. cruzi infection (12-14).
cPalm species with triatomines infected with T. cruzi (13,15,16).

Figure 1. Human cases of acute human Trypanosoma
cruzi infections in the Amazon Basin (19-28). French
Guiana, 15; Colombia, 100; Ecuador, 14; Peru, 85; and
Brazilian States: Amapá, 27; Acre, 7; Amazonas, 33;
Pará, 57; and Maranhão, 50 cases. Insert shows Paço
do Lumiar county in the island São Luis, State of
Maranhão, an ecoregion vulnerable to human
predation, where acute T. cruzi infections have been
identified.
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county is part of the Tocantins moist forest
ecoregion (1). We worked in 15 villages,
separated by partly deforested argilaceous
pathways with scattered houses, where mud-
walled, thatch-roofed houses are usually located
beneath or beside large palm trees. The
surroundings consist of shady, partly deforested
areas, where dogs, cats, chickens, pigs, cows, and
horses live; no clear delineation separates
peridomestic areas from the dense rain forest
habitat of wild animals. The county’s economy
depends on subsistence agriculture and fishing.
Raising domestic animals, producing manioc root
flour and grains, and harvesting greens and
fruits necessitate clearing areas of forest.

We conducted a serologic survey to assess the
prevalence of T. cruzi infection in 25,451 county
residents >1 and <75 years of age (72% were <30
years of age) in these 15 villages with <1,200
houses. Fingerprick blood samples from study
participants were collected onto Whatman (Clifton,
NJ) 1-mm filter paper for seropositivity assess-
ment. After air-drying at room temperature, each
set of 10 blood samples was sealed in clean plastic
wrap and kept dry in an ice box during the day of
collection. The blood samples were then stored
frozen until analysis. At the laboratory, filter paper
blood samples were punched out and eluted in 100
µL of phosphate-buffered saline (PBS), pH 7.4, as
described (30). The test was standardized for
obtaining 5 µL of blood in 1 cm2 of the filter paper,
and serum proteins were eluted in 100 µL of PBS,
pH 7.4, yielded a 1:20 final dilution for screening
seropositivity. For quality control, 10% of the
samples were analyzed by a second examiner.

Trapping Triatomines
The strategy for trapping sylvatic triatomine

bugs derived from published work (12,17), as well
as observations by local residents that triatomines
attracted by light fly from palm trees to houses at
night. A night visit to one house resulted in
capturing two triatomines on the wall near a light
bulb; both these specimens had protozoan
flagellates in the intestinal contents.

Researchers and field workers spoke to
residents at clubs or social organizations. Dried
triatomines were displayed, and community
leaders requested that triatomines in houses be
captured and stored (in a 5x3-cm translucent
plastic container with holes in the cap). This
strategy proved efficient for collecting triatomines
in the rainy season, when they invaded the houses.

hypothesized that certain effects of human
economic activity (population growth, land use,
deforestation, lack of environmental education
programs, and human predation on mammals
and birds) in a defined ecoregion of this major
ecosystem may therefore pose a risk for outbreaks
of acute Chagas disease. We evaluated these risk
factors in the Tocantins River moist forest
ecoregion (1), which is considered vulnerable to
human intervention. We conducted a pilot study
to assess seropositivity for T. cruzi infections in
the human population of Paço do Lumiar County,
state of Maranhão, Brazil, and to search for
triatomines that harbor these infections in palm
trees. We also gathered and analyzed demo-
graphic, environmental, and socioeconomic data.

Methods
The field study was carried out in Paço do

Lumiar county (population 55,000), 20 km from
São Luiz, capital of the state of Maranhão. The

Figure 2. Human population growth and acute T. cruzi
infections in the Brazilian Amazon Basin (19-28). In
A, population density increased 2.5-fold in the last
three decades; in B, acute T. cruzi infections increased
several-fold in the same timespan.        = break in scale.
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We systematically dissected 23 palm trees
(A. phalerata) in backyards in five villages of the
county. Each tree was cut into segments: stipe,
crown shaft, fronds, petiole, and leaves. Each
segment was carefully searched for insects,
mammals, bird nests, and animal vestiges.

During microhabitat dissection, we captured
67 nymphs and 95 adults of three species of
triatomines. The precipitin test was used to type
blood in the intestinal contents of 44 adult male
and female triatomines. The test consisted of
two-dimensional immunodiffusion of blood in the
insects’ intestinal fluid against taxon-specific
antisera (31,32).

Trapping and Identifying Wild Animals
The rich bird fauna in the research area

included Aratinga jandaia, Buzeo magnirostris,
Colombina passerine, Coragyps atratus,
Crotophaga ani, Guira guira, Otus choliba,
Pitangus sulphuratus, Turdus fumigatus, and
Tyranus muscivora. We did not capture birds
because they are refractory to T. cruzi infections.
However, we captured sylvatic mammals (Didel-
phis marsupialis) near houses in the study area.
These ancient marsupials eat palm-tree fruits
and rest and nest in the clefts between the stipe
and their fronds. They leave these hiding places
at night to search for fruits, chicken eggs, baby
chicks, and food scraps. Using nylon net or
wooden box-traps baited with mango and
banana, we captured 12 adult D. marsupialis but
were unable to trap Caluromys sp. seen in the
palm trees around the study area.

Biologic Characterization of
Kinetoplastid Flagellates

Parasitic protozoa in the feces of insect
vectors of Chagas disease infections or in blood
agar broth were demonstrated directly by light
microscopy. Flagellate protozoan infections in
D. marsupialis were detected by xenodiagnosis or
hemoculture (33). For xenodiagnosis, 20 first-
instar uninfected nymphs of Dipetalogaster
maximus took a blood meal from each adult
D. marsupialis captured in the field. Thirty days
later, the feces of the triatomines were examined
by microscopy for flagellates. Any parasitic
flagellates in the feces of triatomines or in
hemocultures were subjected to passage in
weanling mice. This procedure consisted of
intraperitoneal injection of a saline dilution of the
metacyclic flagellates into mice. Two weeks later,

trypomastigote forms of the parasite were
identified in the blood of the mice, then 100 µL of
infected blood was seeded in blood-agar slants,
the supernatant of which yielded parasitic forms,
which were used for mass production in nutrient-
rich liver infusion tryptose medium. One isolate
from R. pictipes (Rp1) and three isolates from
D. marsupialis (Dm1, Dm2, and Dm3) were
characterized.

Phenotypic and Genotypic Characterization
of T. cruzi-like Isolates

Specific antibodies in sera from Chagas
disease patients with parasitologically confirmed
T. cruzi infection were used as phenotypic
markers for the counterpart herein called
T. cruzi-like parasitic infection. Binding of
antibodies to epimastigote forms grown in liver
infusion tryptose (LIT) medium and to amastigote
forms in sections of murine tissues was detected
by indirect immunofluorescence assay (30,34).
Epimastigote and amastigote forms of the
archetype Berenice stock of T. cruzi were used as
positive controls. For negative controls, parasitic
forms from both sources were treated with sera of
T. cruzi antibody-negative persons.

We extracted DNA of parasitic forms from
each of three flagellate protozoa derived from
D. marsupialis and one isolate of R. pictipes. The
epimastigote forms grown in LIT were used for
extraction of nuclear and kinetoplast DNA,
essentially as described (35). DNA samples were
analyzed by polymerase chain reaction (PCR)
with specific primers for the constant regions of
minicircles of kDNA and for highly repetitive
sequences of nuclear DNA of T. cruzi, as
described (35-37). In addition, we used the rDNA
nested set of primers D71/72A, which can amplify
sequences of 125 and 110 base pairs (bp),
respectively, from type II or I parasites (38-41).
The reactions were run in parallel with 100 pg of
protozoan flagellates Rp1, Dm1, Dm2, and Dm3.
As positive controls, we used 100 pg of DNA
from T. cruzi Berenice (Type 1) and Dm28 (Type
2). Negative controls were 100 pg of DNA from
Leishmania braziliensis (42) and T. rangeli
(43,44).

Formalin-killed epimastigote forms of
T. cruzi-like flagellates from Rp1, Dm1, Dm2,
Dm3, and Dm4 and the Berenice stock of T. cruzi
were used. The probes consisted of a nuclear
DNA sequence PCR amplified with primer sets
TcZ1/2 (37). The probe was labeled with biotin
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according to the manufacturer’s protocol. Cells
fixed in glass slides were hybridized with selected
DNA probes and stained with fluorescein-labeled
streptavidin (Sigma Chemical Co., St. Louis, MO).

Each of 10 D. marsupialis trapped in the wild
and BALB/c mice receiving T. cruzi-like parasites
isolated from triatomines were subjected to
histopathologic study. The animals were eutha-
nized, and tissue samples from organs and
tissues were fixed in 10% formalin. Three
representative sections of skeletal muscles,
heart, esophagus, small and large intestine, liver,
kidney, spleen, and lung were stained with
hematoxylin and eosin for examination by
microscopy. An average of six sections from the
scent glands of the marsupials was taken for
histopathologic study.

Results
By indirect immunofluorescence test for anti-

T. cruzi antibodies in human blood collected on
filter paper (30), 212 (0.83%) of persons tested
had specific antibodies for T. cruzi infections
(Figure 3). Positive serologic results in young
populations indicate recent transmission and
acute infection. Forty-six children <10 years of
age (0.18% of the total study population) were
antibody-positive for T. cruzi and were consid-
ered acutely infected.

Our results, which show seroprevalence of
T. cruzi infections in the absence of hematopha-
gous bugs or their vestiges (excreta and molted
skins) in houses, prompted us to search for
triatomines in the ecosystem where the
population was infected or continues to be at risk.
The strategy for capture of triatomines
consisted in surveillance of houses by residents
(household members captured bugs in the
house and placed them in plastic containers) or
in dissection of palm trees in backyards of
houses (16,45-49). This householder-assisted
surveillance and capture method yielded 52
triatomine bugs (36 R. pictipes and 16
R. neglectus). Triatomine excreta and molted
skins in these houses were neither reported by
inhabitants nor detected by field workers.
Adult triatomines were captured in houses only
during the rainy season. We also captured 133
triatomines in 23 palm trees cut down in
backyards in five villages. Careful dissection of
these trees allowed detection of different
developmental stages of triatomines in clefts of
palm frond-sheets (Figure 4, Tables 2-4).

Figure 3. Human population growth and acute
Trypanosoma cruzi infections in the Amazonian
county Paço do Lumiar (19-28). In A, population
density increased approximately fourfold in the last
three decades. In B, autochtonous acute T. cruzi
infections increased fourfold in the same timespan
(comparing percentages of seropositivity in 41- to 50-
year-olds vs. 11- to 20-year-olds), affecting younger
age groups.

Figure 4. Palm tree (Attalaea phalerata) frond-sheet
microsystem and cycle of transmission of Trypano-
soma cruzi. This natural dwelling of triatomine
species and top predators (Didelphis marsupialis,
circle) consists of clefts formed by the insertion of frond
sheets into the stipe of babassu palm.
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Remains of animal species (e.g., nests, hair,
feathers) on which triatomine bugs prey were
identified in palm trees in backyards in five
villages. Twice when a tree was cut down, adult
opossums (Didelphis, Figure 4) ran out of the
fronds into the forest. Nests of marsupials and
birds were easily detected on dissection of palm
fronds and crowns. In addition to opossums and
birds, we identified molds and captured and
identified different species of various taxa of

invertebrate and vertebrate animals (50-60) in
the 23 palm trees (Table 5, Figure 5). Molds were
found in stipes, fronds, and crowns, and insects in
roots, stipes, inflorescence, fruits, fronds,
crowns, and leaves. The clefts formed by frond
sheets were particularly rich in Amphibia,
Arachnida, and Hemiptera.  Triatomines were
detected at the bottom of clefts where marsupials
built their nests. Bird nests were found in the
fronds and crowns where abundant species of
insects were available for predation.

Scarcity of blood flagellates in marsupials
precluded detection by direct microscopy.
However, the metacyclic flagellates recovered by
xenodiagnosis were subinoculated in weanling
mice. Two weeks after injection, trypomastigote
forms of the parasitic protozoan morphologically
indistinguishable from T. cruzi were detected in
blood of the mice. To define and further
characterize these isolates, we used phenotypic
and genotypic molecular characterizations. In
the first group, antibodies in sera of chronic
Chagas disease patients reacted indistinctly with
antigenic determinants in the surface of T. cruzi
Berenice and with isolates Dm1, Dm2, and Dm3
from D. marsupialis and with Rp1 from
R. pictipes.

Genotypic kDNA and nuclear DNA (nDNA)
markers were used to genetically characterize
these wild flagellate protozoan isolates. PCR
amplification of template DNA from each of these
T. cruzi isolates showed that kDNA primers S35/
36 (35-37) amplified T. cruzi, a laboratory
standard for virulent T. cruzi. In addition, when
we used PCR with mini-exon intergenic spacer
primers TC/TC1/TC2 (38) and rDNA primers
D71/72 (39-41), amplification resulted in the
same bands, using template DNA from wild T.
cruzi Dm 28c, Dm1, Dm2, Dm3, and Rp1 and from
Berenice T. cruzi isolated from a patient with
acute Chagas disease (Figure 6). These molecular
features allowed classification of wild isolates of

Table 4. Type of blood in triatomine bugs captured in palm trees and houses

    Bird/ Didelphis/ Canine/
Bird Didelphis Didelphis Rodent    Rodent Human Equine

Triatomine Total  (%)      (%)      (%)    (%)       (%)     (%)    (%)
Rhodnius pictipes 28   26.6 26.6 26.6 13.4 6.8 6.8   -
R. neglectus 10   40    - 40    -   - 20
Panstrongylus lignarius   6 100    -    -    -   -   -
%   36.6 18.2 27.3   9.1 4.5 4.5   4.5
*The blood type in the gut of triatomine bugs was identified by the agarose gel precipitin test with taxon-specific antiserum
(31,32).

Table 2. Triatomine bugs infected with Trypanosoma
cruzi in palm trees and houses, Paço do Lumiar,
Maranhão, Brazil*

     Pan-
Rhodnius       R. strongylus Total

Triatomines   pictipes neglectus  lignarius   (%)
Palm trees

No. captured 89 33 11 133
% infected 68 39 27   57

Houses
No. captured 36 16 -   52
% infected 28 31 -   41
*The triatomines nymphs and adults were captured either by
careful dissection of palm trees or surveillance of houses (12).
Flagellate forms in the feces of the Triatomines were detected
by microscopy and further identified as T. cruzi (see text).

Table 3. Developmental stages of Rhodnius pictipes,
R. neglectus, and Panstrongylus lignarius found in
houses and palm trees Attalaea phalerata*

Reduviid
species R. pictipes R. neglectus P. lignarius

Nymphs
1st instar     4   3   1
2nd instar   14   -   -
3rd instar     9   5   1
4th instar     6   3   1
5th instar   14   4   2

Adults
Male   27 10   3
Female   29 13   3
Total 103 38 11
*No nymphs were found in houses.
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Table 5. Trophic network in randomly selected palm trees of an Amazonian county*
Network Trophic level† Palm tree localization Local given names
Metaphyta:
   Attalaea phalerata 1 Rainforest Babaçu
Mold: (50, 51)
 Meliolaceae 2 Stipe & crown shaft Bolor
     Meliola  acristae
Catabotrydaceae
     Catobotrys decidium
Metazoa:
Insecta (52, 53)
  Coleoptera
Curculionidae
     Homalinotus coriaceus
     Rhynchophorus palmarum
     R. barbirosstris
     Amerrhynus inca 3 Stipe, fronds & crown Besouro
Chrysomelidae 3 Crown Barata do coqueiro
     Coraliomela brunea
     Mecistomela marginata
Scarabaeidae 3 Roots Rola bosta, broca raiz
     Strategus aloeus
Bruchidae 3 fronds Broca, bicho do côco
     Pachimerus nucleorum
  Homoptera
Asphidae 3 Crown Pulgão
     Cerataphis lataniae
Diaspididae 3 Crown Cochonilha coqueiro
     Aspidiotus destructor
  Lepidoptera
Brassolidae 3 Crown Borboleta
     Brasssolis sophorae
     Brassopholis astyra astyra
  Hymenoptera
Formicidae
     Acromyrmex histrix
     A. landolti
     A. laticeps migrosetosus 2 & 3 Roots, stipe & fronds Formiga
     A. nobilis
     A. lundi carli
  Hemiptera
Reduvidae (6, 7, 10, 17) 4 fronds & crown Barbeiro
     Rhodnius pictipes
     R. neglectus
     Panstrongylus lignarus
Aracnidea, Araneae (38) 4
Theraphosidae fronds Aranha
Amphibia 4 fronds Perereca
     Scinax sp
Aves (56) 5 fronds & crown
     Aratinga jandaia Jandaia
     Buzeo magnirostris Gavião
     Colombina passerine Rolinha
     Coragyps atratus Urubú
     Crotophaga ani Anu
     Guira-guira Anu branco
     Otus choliba Caburé
     Pizangus sulphuratus Bem-te-ví
     Turdus fumigatus Sabiá
     Tyranus muscivora Tesourinha
Marsupialia (54-59) 5 fronds
     Didelphis marsupialis Mucura
     Caluromys sp. Cuíca
*Palm trees were randomly selected from five different localities (backyards) in the Paço do Lumiar county.
†Trophic levels in microhabitat following the flux of energy: 1) Palm tree, predated by molds, insecta, birds and mammals; 2)
molds, predated by Formicinae and Ponarinae; 3) Insects, predated by arachnids, amphibians and birds; (4) Arachnids and
amphibians, predated by birds; 5) Birds and mammals, predated by hematophagus insects and man (50-60).
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T. cruzi as phylogenetic type I, while Berenice
was T. cruzi II (11,38-41). These results were
further confirmed by in situ hybridization of wild
T. cruzi with a biotinilated 198-bp sequence
derived from Berenice template DNA (Figure 7),
which was amplified with specific nDNA primers
Tcz1/2 (37).

Conclusions
Several authors (7,8,17-19,12) described T. cruzi-
like flagellate protozoans (instead of T. cruzi) in
the blood of various classes of mammals and in
the feces of triatomine species from the Amazon
Basin. We detected blood flagellates in 9 of 10
Didelphidae captured in backyards of houses in
Paço do Lumiar county. In addition, we isolated
flagellates from feces of R. pictipes, which showed
the same morphologic features described for
T. cruzi. In biological characterizations, these

flagellates induced low-level parasitemia in
laboratory mice. However, histopathologic le-
sions in marsupials and laboratory mice were
similar to those described in Chagas disease
patients. Furthermore, nuclear DNA markers
displayed all features of the T. cruzi standards
Berenice and Dm 28c T. cruzi, which differed
from those shown by T. rangeli and L. braziliensis.
These data confirm the parasitic flagellates
present in triatomines and mammals in this
ecoregion as T. cruzi.

Birds are refractory to T. cruzi infections (33),
but several authors (54-60) describe marsupials
as important wildlife reservoirs of this parasitic
protozoon. We used traps with fruit baits to
capture 12 marsupials, which underwent karyo-
typing and parasitologic and pathologic examina-
tions. The karyotyping confirmed these mam-
mals as D. marsupialis. Nine of 10 trapped
marsupials had protozoan blood flagellates
isolated by xenodiagnosis or hemoculture.
Histopathologic study of heart sections from

Figure 5. The informal economy: man carrying a
babassu palm frond to be sold as soft thatch. A single
palm tree enclosing five trophic levels associated with
the Rhodnius pictipes (Hemiptera: Reduviidae)
transmission of T. cruzi in the babassu microsystem.

Figure 6. Genotypic characterization of wild-type
flagellates by PCR amplification with rDNA and mini-
exon specific primers derived from Trypanosoma cruzi.
A, template DNAs amplified with mini-exon intergenic
spacer primers (38): Blank, negative control; Tcb,
archetypic type II T. cruzi Berenice; Rp1, Dm1, Dm2,
and Dm3, flagellates isolated from Rhodnius pictipes
and from Didelphis marsupialis; Dm28, standard type
I, sylvatic T. cruzi isolate. B, same template DNAs
amplified with rDNA primers (39-41). Tcb yielded
typical 300-bp band of type II lineage, whereas Rp1,
Dm1, Dm2, and Dm3 and Dm28 yielded a 350-bp band
of type I T. cruzi lineage, with mini-exon spacer
primers. In addition, Tcb yielded a typical 125-bp band
of type II, whereas the sylvatic T. cruzi isolates yielded
a 110-bp band of type I, with rDNA primers. These
findings confirm sylvatic Rp1, Dm1, Dm2, and Dm3 as
T. cruzi.
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these infected animals showed typical myocardi-
tis, characterized by mononuclear cell infiltrates
and target cell lysis. Inflammatory infiltrates
were seen in skeletal muscles, esophagus, and
small and large intestines. Histopathologic study
of representative tissue sections taken from the
only opossum that did not have the parasite
detected showed no histopathologic alterations
(data not shown).

American trypanosomiasis has been consid-
ered an ancient zoonosis in which insect vectors
and mammal hosts sympatrically occupy vast
areas of South America (33). Wild T. cruzi
infections and the bug vectors are syntopically
adapted to mammalian host habitats under
natural equilibrium. T. cruzi infections and human
Chagas disease occur over a large geographic
area, limited by parallels 42° N to 42°S (33). The
Tocantins moist forest, much of which is subject
to severe disturbance of the environmental
equilibrium, provided conditions for disease
outbreaks (61-64). The growing human popula-
tions encroaching on that natural ecoregion are
fed upon by the triatomine vector R. pictipes, and
cases of acute T. cruzi infections in humans have
exponentially increased in the last three decades.

In this study, we describe a trophic network
of five levels comprising different species
dwelling in palm tree microhabitats. A single
class of top predator mammal (Didelphidae) was
found in the study area. The absence of other taxa
of top wild predators upon which bugs feed may
contribute to peridomiciliar and domiciliar

invasion during the wet season. This observation
contrasts with earlier descriptions of seven
families of mammals, belonging to Primates,
Edentates, Marsupials, Carnivores, Rodents,
and Chiroptera classes (10,55,57), which were
hosts for triatomines in relatively undisturbed
ecoregions. Elimination of a single class of
invertebrate or vertebrate animals in a trophic
network may be a major risk factor leading to
more triatomine species entering houses and
initiating a new cycle of transmission of T. cruzi
infection.

In our study, a child  <10 years of age with a
positive immunofluorescence test (see methods)
was considered a host of acute T. cruzi infection.
Considering the age-specific prevalence of T.
cruzi infections in adults (30) and the fact that for
each acute case that is clinically identified an
estimated 20 to 100 others are unrecognized (34),
autochthonous human Chagas disease in the
Amazon Basin may reach 7,860 to 39,300 cases.
The latter figure is consistent with serologic
evidence of T. cruzi infection in the Brazilian
Amazon region presented in the national report
on Chagas disease (65). The characteristics of
transmission of infections described here do not
indicate a need for insecticide spraying in the
Amazon region, for the cycle of transmission of
T. cruzi is deeply embedded in a natural trophic
network comprising wild animals belonging to
several classes and trophic levels.

Risk factors associated with the possibility of
emergence of endemic Chagas disease in the

Figure 7. In situ hybridization of Rhodnius pictipes-derived flagellates with an archetypic Berenice Trypanosoma
cruzi-specific probe. The byotinylated 198-bp sequence amplified with Tcz1/2 nuclear DNA probe (37) was
revealed with fluorescein-conjugated streptavidin. This genotypic marker, representing 12.5% of total parasitic
nuclear DNA, also confirms this sylvatic isolate as T. cruzi.
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Amazon Basin have been described
(10,12,17,19,25,54,55,62-64). First, the broadleaf
moist rain forest ecosystem may be invaded by
triatomine species (T. infestans and
T. rubrofasciata), which are considered complete-
ly adapted to human domiciles, or by other
triatomines (P. megistus and T. brasiliensis, T.
pseudomaculata, and T. sordida), which can be
found in different ecosystems but frequently
enter and colonize houses (64). Second, several
Amazon Basin triatomine species (R. pictipes,
R. prolixus, R. neglectus, R. nausutus,
T. vitticeps, T. rubrovaria and others) can adapt
to human dwellings, where they could become
important vectors of the T. cruzi infections (63-
69). We found no vestiges of triatomine
colonization in houses or their surroundings in
our study area. We hypothesize that starving
adult R. pictipes and R. neglectus may leave their
natural shelters at night to feed on human hosts,
probably attracted by light in the houses.

Factors associated with triatomines flying
from palm tree to houses need to be clarified. The
scarcity of birds and mammals during the wet
season may be an important factor associated
with anthropic predation and the presence of
T. cruzi-infected insects in houses in the rainy
season. Domiciliation of triatomines may not be
required for an increasing endemicity of Chagas
disease in the Amazon Basin (13,14,19). For
example, sylvatic Rhodnius brethesi recently bit
people harvesting palm fibers in Barcelos in the
northwestern part of the State of Amazonas, 490
km upriver from Manaus, leading to an acute
case of Chagas disease (13). Blood samples from
residents of this locality tested by immunofluo-
rescence assay had 12.5% positivity for anti-
T. cruzi antibodies (70). These observations
suggest that to prevent transmission of T. cruzi
infections to humans in the Amazon Basin, new
strategies are needed, which will not necessarily
be similar to those used in controlling endemic
Chagas disease in other ecosystems, such as the
Cerrado and Caatinga ecosystems in Brazil
(1,63,66,67,71).

The risk for endemic Chagas disease in the
Amazon Basin appears related to deforestation
and new population settlements, shifting cultiva-
tion, and rapid human colonization of the vectors’
natural ecotope in the last three or more decades,
as well as to lack of multiple blood sources (hosts)
for the vectors in the rainy season. Amazon Basin
periurban and urban areas where acute cases of

Chagas disease have been reported did not show
signs of colonization of houses with triatomine
bugs. Instead, transmission of sylvatic T. cruzi to
humans has been associated with sylvatic species
(R. pictipes, R. neglectus, P. lignarius), which fly
from palm trees to houses. New prevention and
control strategies should take into consideration
risk factors leading to endemicity of the disease
in the Amazon. An entomologic and epidemio-
logic system for surveillance of Chagas disease in
Amazonia has been suggested (68,69).

Alternatively, the enormous task of control-
ling emerging Chagas disease in the Amazon
Basin should rely initially on an information,
education, and communication program, which
encourages control measures by the householder
(e.g., use of screens, bed nets, insecticide-treated
fabrics, and vegetation management) (69-73).
Such a program for prevention of contact with
triatomines should be conducted directly in
communities, elementary schools, and churches
and social clubs, reinforced by social marketing
and mass media communications. Further
studies are also needed for identifying new and
integrated (chemical and nonchemical) strate-
gies required for controlling T. cruzi vectors in
the Amazon Basin, which may not necessarily be
similar to those already shown to be partially
effective in controlling the domestic vectors of
endemic Chagas disease in other ecosystems in
the Americas.
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Pulmonary infection due to chronic microbial
colonization is the major cause of illness and
death in cystic fibrosis (CF) patients. Mucoid
Pseudomonas aeruginosa, which is involved in
pulmonary damage, is the most frequently
recovered pathogen. In contrast, little informa-
tion is available about the role of other nonfer-
mentative gram-negative rods. An increasing
incidence of Stenotrophomonas maltophilia iso-
lates has been reported in some CF centers during
the last decade (1-4). Although an association
between S. maltophilia colonization and lung
damage has been observed (2,3), the role of the
organism is still undetermined (5,6). In non-CF
patients (e.g., immunocompromised or intensive-
care unit patients), exposure to wide-spectrum
antimicrobial drugs, long-term antimicrobial ther-
apy, previous pulmonary infections, and chronic
respiratory disease contribute to S. maltophilia
acquisition and increase the risk for respiratory
infection with this organism (7,8). All these risk
factors are present in the CF population.

We analyzed S. maltophilia from respiratory
isolates of 25 CF patients of the same CF unit
during an 8-year period to determine a) the
overall and yearly incidence of S. maltophilia
infection or colonization and incidence as
determined by molecular typing, ribotyping, and
pulsed-field gel electrophoresis (PFGE); b) the
age distribution of acquisition of S. maltophilia
pulmonary infection or colonization in patients
with single or repeated episodes; c) the
persistence and variability of S. maltophilia
isolates in patients who had more than one
episode and the degree of genomic similarity
identified among clones; and d) the epidemiologic
link between similar isolates from different
patients. We also investigated pulmonary
function and other clinical aspects of
S. maltophilia-infected or colonized patients.

Materials and Methods
From 1991 to 1998, 25 CF patients (12 female

and 13 male) of 104 who were clinically and
microbiologically followed at the Hospital Ramón
y Cajal CF Unit had at least one positive
respiratory culture for S. maltophilia. CF was
diagnosed by a positive sweat chloride test
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During 1991 to 1998 at least one Stenotrophomonas maltophilia pulmonary
infection was observed in 25 (24%) of 104 cystic fibrosis patients at the same unit of our
hospital in Spain. Ribotyping and pulse-field gel electrophoresis (PFGE)
characterization of 76 S. maltophilia isolates from these patients indicated an overall
clonal incidence of 47.1%, reflecting new strains in 44% of patients with repeated
positive cultures for S. maltophilia. Six patients with repeated episodes were
persistently colonized (>6 months) with the same strain. S. maltophilia bacterial counts
were higher (geometric mean, 2.9 x108 cfu/mL) in patients with repeated episodes than
in those with a single episode (8.4 x104 cfu/mL, p<0.01). Single episodes of
S. maltophilia occurred in patients <10 years of age (43% [6/14]), whereas chronic
colonization occurred more frequently in older patients (>16 years of age).
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(>60 mEq/L) in association with typical pulmo-
nary and gastrointestinal findings or a positive
family history. The age range of patients was <1
to 32 years (median 14.5 years). Eleven patients
were homozygotes and eight heterozygotes for
∆F508, the most common mutation in the cystic
fibrosis transmembrane conductance regulator
(CFTR) gene, and one patient was negative for
∆F508. Mutation in this gene could not be
determined in five patients. The mean number of
sputum samples examined was 6.7 specimens per
patient per year. All 25 patients were followed for
at least 1 year during the study period (range 1 to
8 years, mean 5.8 years). Culture results were
used to establish age at acquisition of
S. maltophilia. When available, retrospective
cultures obtained before 1991 were also taken
into account.

S. maltophilia colonization in CF patients
was considered persistent if positive cultures
were obtained for >6 months, regardless of
bacterial counts. Overall incidence was defined
as the number of patients infected or colonized
with S. maltophilia, independent of the number
of positive cultures during the study period. The
denominator was the total number of patients
seen at the CF unit (104 patients). Yearly
incidence was defined as the number of patients
with new episodes of S. maltophilia infection or
colonization, with the denominator the number of
patients seen per year in the CF unit. The overall
incidence and yearly incidence were recalculated
when molecular typing data were available. These
values were defined as overall clonal incidence and
yearly clonal incidence, respectively, which
represent the incidence of S. maltophilia episodes
caused by different clonal strains.

Bacteriologic Study and S. maltophilia Isolates
Respiratory secretions, mostly expectorated

sputum, were homogenized with N-acetyl-
cysteine and processed by a modified quantita-
tive technique (9). Columbia 5% blood,
MacConkey, mannitol and salt, and a selective
Burkholderia cepacia agar media were incubated
in air for 24 hours at 37°C, followed by 24 hours at
25°C. In addition, bacitracin-chocolate agar was
plated and incubated in 5% CO2 for 48 hours and
Sabouraud-chloramphenicol and Sabouraud-
chloramphenicol-cyclohexamide agar media for 4
weeks at 30°C and 37°C. A culture for
S. maltophilia was considered positive when any
growth of this organism was observed, regardless

of bacterial count. Biochemical identification of
S. maltophilia isolates was performed both with
the API 20NE gallery (BioMerieux, Marcy-
l´Étoile, France) and the semiautomatic PASCO
system (Difco, Detroit, MI). Bacterial counts and
co-colonization with other respiratory pathogens
were also considered in the analysis. The same
microbiologic protocol was applied to all patients,
regardless of clinical condition.

Ribotyping
DNA from all S. maltophilia isolates was

prepared by treatment with hexadecyl-
trimethylammonium bromide (10). Ribotyping
was performed as described (11). BamH1,
Bsu15I, EcoRI, and HindIII restriction endonu-
cleases (Roche Diagnostic, Mannheim, Germany)
were also tested in a representative number of
isolates. The best-defined restriction pattern
with a higher number of bands was observed with
BamH1 and HindIII. Digoxigenin-labeled phage
λHindIII-digested DNA (Roche) was used as a
molecular size marker. DNA fragments were
separated by electrophoresis in 0.7% agarose gels
and were blotted onto nylon membranes.
Membranes were hybridized with a digoxigenin-
labeled rRNA probe with 16S+23S rRNA
sequences of Escherichia coli (Roche) at 68ºC for
18 hours (12). Differences in numbers and the
position of bands were considered.

Pulsed-Field Gel Electrophoresis
S. maltophilia DNA was prepared and

contained in agarose plugs for digestion with 30
U of XbaI (Roche). Closely related isolates using
XbaI were reanalyzed with 20 U of SpeI (Roche)
as described (13). Digested samples were melted
and loaded onto 1% agarose gels. PFGE was
performed with the CHEF-DRII system (Bio-
Rad, Hemel Hempstead, UK). Standard lambda
ladders comprising 48.5-kbp concatemers were
run as molecular weight markers (Roche).
Electrophoresis pulse times for XbaI-digested
DNA were 10 to 60 seconds for 24 hours, followed
by a second ramp from 5 to 20 seconds for 5 hours.
Both ramps were performed at 5.4 V/cm and 12º
C. For SpeI, pulse times were 25 to 45 seconds for
20 hours at 6 V/cm and 12°C. Macrorestriction
fragments were visually compared and interpreted
according to the criteria of Tenover et al. (14).

A genetic similarity dendogram was designed
and calculated by the Dice correlation coefficient
(15) and represented by UPGMA with Molecular
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Analyst Software (BioRad) and a tolerance
position of 1%. Only well-resolved bands
corresponding to fragments exceeding 97.0 kbp
were included in the computer analysis.

Patient Data
Chart records from S. maltophilia-positive

CF patients were reviewed. Patients were
classified according to age, sex, and severity of
lung disease. Correlation between colonization or
infection with S. maltophilia and pulmonary
function was studied. Pulmonary function was
tested in accordance with American Thoracic
Society Guidelines (16). Forced expiratory
volume (FEV1) (% predicted) value was expressed
as the percentage predicted according to
Knudson norms for adjusting data for age,
height, and sex (17). Trends in FEV1 were
estimated by comparing values at the time of the
first recovery of S. maltophilia with those
obtained within a year from the last isolation.
P. aeruginosa and other pathogens commonly
encountered in CF were also recorded as outcome
criteria for evaluating the progression of
pulmonary disease.

Statistic Analysis
Statistical significance for comparison pro-

portions was calculated by Chi square or Fisher’s
exact test with Epi-Info 6.04a. Quantitative
values were compared by Student’s t test; p<0.05
was considered statistically significant.

Results
From 1991 to 1998, at least one respiratory

culture positive for S. maltophilia was observed
in 25 of 104 patients. Thus, the overall incidence
of S. maltophilia-infected or -colonized patients
was 24%; yearly incidence was 2.9% to 14.0%
(Figure 1). Fourteen (56%) of these 25 patients
had a single episode of S. maltophilia (SM-SE
group), and 11 patients (44%) had repeated
episodes (SM-RE group). No differences in
sampling frequency (number of sputum samples
studied per year) or length of follow-up were
found between the two groups.

Eighty-eight S. maltophilia isolates were
recovered from these 25 patients. Seventy-six
isolates, 14 from the SM-SE group and 62 from
the SM-RE group, were available for further
study. PFGE results indicated an overall clonal
incidence of 47.1%, reflecting new strains with
different PFGE profiles that had been acquired
by the SM-RE group (Figure 1). The highest
yearly clonal incidences were detected in 1991
and 1996.

In the SM-SE group, the median age at
acquisition of S. maltophilia was 13.4 years
(range <1 to 27 years). Nearly 43% of patients (6
of 14) acquired S. maltophilia at 6 to 10 years of
age (Figure 2). In SM-RE patients, the median
age at first S. maltophilia isolation was 16.7
years (range 3 to 32 years). In this group, 45% (5
of 11) acquired S. maltophilia at 11 to 20 years of
age. PFGE analysis of all S. maltophilia strains

Figure 1. Yearly
incidence, yearly
clonal incidence,
and yearly preva-
lence of Stenotro-
phomonas malto-
philia acquisition
in 104 cystic fibro-
sis patients, 1991–
1998.
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indicated that nine new acquisitions occurred in
11- to 15-year-old patients. Because of the small
sample size, differences in age of acquisition
between the groups could not be demonstrated
with statistical significance.

Ribotyping
To select the suitable enzyme(s) for

S. maltophilia ribotyping, BamH1, Bsu15I,
EcoRI, and HindIII endonucleases were used in
five different strains isolated from the same
patient, resulting in 4, 4, 2, and 4 different
ribotypes, respectively. The number of copies of
the ribosomal rRNA operon in S. maltophilia was
2 to 5 per isolate for BamHI, 2 to 4 Bsu15I for
HindIII, and 4 to 5 for EcoRI, with hybridization
band sizes of 3 Kbp to 20 kbp. Great
heterogeneity in ribotypes, 21 with HindIII and
20 with BamHI, was found among the 76 S.
maltophilia isolates, with a Simpson index (15) of
0.8992 and 0.9158, respectively. The genetic
similarity was 29% to 100% for HindIII and 38%
to 100% for BamHI.

PFGE Analysis
Forty-seven well-defined profiles of genomic

DNA under XbaI digestion were obtained from
the 76 S. maltophilia isolates. According to Tenover
criteria (14), 41 types and 6 subtypes were
considered. These 6 subtypes were associated
with 3 of the 41 main subtypes. Fragment size
was <48 kbp to >1,000 kbp. Discrimination based
on Simpson´s index peaked at 0.97. Genetic
heterogeneity is illustrated by the dendogram of
the 47 XbaI-PFGE profiles (Figure 3). Repeated
isolates displaying an identical PFGE profile from

Figure 2. Distribution of age of acquisition of
Stenotrophomonas maltophilia in 25 cystic fibrosis
patients with a single episode (SM-SE group) or with
repeated episodes (SM-RE group).

Figure 3. Percentages of genetic similarity between 47
XbaI-PFGE clonal types from 76 Stenotrophomonas
maltophilia strains isolated in 25 cystic fibrosis
patients of the same unit, 1991–1998.
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the same patient or resulting from presumed
patient-to-patient transmission were excluded
from the dendogram. Forty-one types displayed
similarity coefficients from 25% to 75%; each was
coded with a number. Each subtype was coded
with a letter (similarity  >80%). Strains sharing the
same XbaI digestion pattern could not be further
distinguished by SpeI. XbaI was more efficient
than SpeI in distinguishing between subtypes or
closely related strains; 14a and 14b subtypes
showed an indistinguishable PFGE pattern with
SpeI. This was also the case with 16a and 16c
subtypes.

Persistence and Variability
of S. maltophilia Strains

The SM-SE group of 14 patients had 14
different PFGE types. One of these PFGE

patterns (pattern 1a) was also seen in two of the
SM-RE patients (patients 1 and 3). During the
study period, each of the 11 patients in the SM-
RE group had one to five strains with different
PFGE profiles. Strains from five patients (1, 3, 8,
10, and 11) completely met the criteria for
persistence (Figure 4). The strains were
recovered from these patients during periods of
persistence of 29, 86, 6, 9, and 8 months,
respectively. A turnover of this predominant
strain with a different strain occurred in four of
these patients. In patient 4, two strains with 4
and 32 months of persistence were isolated
during two different periods. All these patients
were considered persistently colonized with
identical S. maltophilia isolates (Figure 4).
Variable colonization, defined as the isolation of
S. maltophilia strains with different PFGE

Figure 4. Persistence and variability of Stenotrophomonas maltophilia strains in 11 patients with repeated
episodes of infection or colonization with this organism. S. maltophilia recovered is indicated by a ♦   (identical
isolates from the same patient), ◊  (different isolate from a single patient) or O (no isolate available). Distinct
S. maltophilia isolates are identified by numbers, and a letter was added when a closely related strain was
observed.  + = time at which sputum specimens were obtained.
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Table. Demographic characteristics and co-colonization status of cystic fibrosis patients with Stenotrophomonas
maltophilia infection or colonization

Characteristics SM-SEa (14 patients) SM-REb (11 patients)
Gender

Male   8   5
Female   6   6
Patient genotyped 11   9

Homozygous ∆F508   8   3
Heterozygous  ∆F508   3   5
Other   0   1

Mean age at first S. maltophilia isolation (SD, years) 13.4 (7.3) 16.7 (7.4)
FEV1

c  measured 11 10
FEV1  (% predicted) before S. maltophilia recovery (Mean [SD]) 68.7 (29.6) 74.2 (28.3)

>100   2   1
70–99   3   5
40–69   4   3
<40   2   1
FEV1  (% predicted) after S. maltophilia recovery (Mean [SD]) 63.8 (20.7) 62.9 (24.2)

ABPAc condition   2   1
Death (%)   4    (28.5)   2    (18.2)
S. maltophilia bacterial counts (geometric mean, cfu/mL)   8.4 x 104 d   2.9 x 108 d

Pseudomonas aeruginosa detected (%) 12    (85.7)   9    (81.8)
Aspergillus detected (%)   7    (50.0)   7    (63.6)
S. maltophilia co-colonization with:e

Only S. maltophilia detected (%)   1    (7.1)   1    (9.1)
P. aeruginosa (%)   8    (57.1)   3    (27.2)
Staphylococcus aureus (%)   6    (42.8)   3    (27.2)
Burkholderia cepacia (%)   1    (7.1)   1    (9.1)
Aspergillus spp. (%)   1    (7.1)   3    (27.2)
Candida (%)   3    (21.4)   2    (18.2)

aSM-SE = CF patients with a single episode of S. maltophilia colonization.
bSM-RE: CF patients with repeated episodes of S. maltophilia colonization.
cFEV = Forced expiratory volume.
dABPA: allergic bronchopulmonary aspergillosis.
ep<0.05 comparing both groups.
fPatients in the SM-RE group colonized with organisms in addition to S. maltophilia. When different co-colonizations occurred
in the same patient, we recorded only the cocolonization that was at least twice as frequent.

profiles, was identified in five patients (patients
2, 5, 6, 7, and 9).

Suspected Cross-Transmission
In 1996, three patients, two in the SM-RE

group (patients 1 and 3) and another (patient 12)
in the SM-SE group, shared S. maltophilia
isolates with indistinguishable ribotype and
PFGE type under all restriction enzymes tested
(profile 1a). Patient 1 was persistently colonized
with this strain for 2 years, and patient 3 was
transiently colonized (Figure 4).

Bacterial Counts and Clinical Findings
SM-SE patients had higher S. maltophilia

bacterial counts when either the first
S. maltophilia isolate (geometric mean, 4.3 x105

cfu/mL) or all isolates (2.9 x108 cfu/mL) were
taken into account (p<0.05), compared with

patients with a single episode (8.4 x104 cfu/mL). A
similar rate of P. aeruginosa recovered from the
respiratory tract during the study period was
noted in both groups (Table). In contrast,
Aspergillus spp. was detected more frequently in
the SM-RE group of patients. No statistical
differences were found when co-colonization was
evaluated. However, S. maltophilia co-coloniza-
tion with Aspergillus spp. in the SM-RE group
had a risk ratio of 3.8 compared with the SM-SE
group.

Demographic and selected medical charac-
teristics and results of respiratory tract cultures
were analyzed for S. maltophilia-infected or -
colonized patients (Table). Before S. maltophilia
colonization, slightly lower pulmonary function
levels (FEV1, % predicted) were observed in
patients with a single S. maltophilia episode
than in patients with repeated episodes (Table).
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This value decreased in SM-RE patients from
74.2 ± 28.3 (mean value ± SD) (first isolation
of S. maltophilia) to 62.9 ± 24.2 (last isolation of
S. maltophilia), which could indicate a decreas-
ing trend in FEV1 after the first episode.
However, this difference was not statistically
significant. On the other hand, SM-SE patients
had a higher death rate (28.5%) than the SM-RE
group, but death rates in both groups were higher
than those observed in S. maltophilia-negative
patients (12.6%).

Conclusions
S. maltophilia, an essentially environmental

organism, is the fourth organism in prevalence in
bronchial secretions of CF patients, after
P. aeruginosa, Staphylococcus aureus, and
Haemophilus influenzae (5,18). Since it was first
reported in CF patients in 1979 (19), this
organism has been investigated for its role in the
progression of CF pulmonary disease (5), and
consensus documents have emphasized the
importance of clinical microbiology laboratories
in detecting its presence in CF respiratory
secretions (20). Despite some virulence factors
shared with P. aeruginosa, its potential for
pathogenicity remains uncertain (21). We have
reported a high incidence of S. maltophilia-
colonized CF patients (30.7%) over a 5-year
period (3), but, as in other studies (2,6,22), we did
not address (through epidemiologic typing
studies) whether this high rate was a conse-
quence of patient-to-patient transmission or
whether bacterial colonization was sporadically
or chronically established.

The 1997 Cystic Fibrosis Foundation Patient
Registry from the United States (18), which
included 17,996 CF patients in a cross-sectional
study analyzing one respiratory sample per
patient per year, showed a percentage of positive
cultures for S. maltophilia of 5.1%, a value
slightly higher than in 1996 (3.9%) and 1995
(3.4%). In our study, the overall incidence, 24%, is
higher than that observed in other studies (10.6%
to 16.6%) with a similar length of follow-up (2,22),
but slightly lower than in studies with a longer
follow-up period (27.3%) (6). Consistent with
other results, our data showed no clear trend
towards increasing or decreasing over the study
period (Figure 1).

The main purpose of our study was to apply
molecular typing, both with ribotyping and
PFGE, to S. maltophilia isolates recovered from

patients seen in our CF Unit. Among 76 isolates,
47 PFGE profiles were identified, and these
results were used to calculate the incidence of
episodes of S. maltophilia colonization or
infection in our series. Without typing, the
overall incidence was 24% for the entire study
period; by PFGE the incidence was 47.1%. This
result clearly indicates that SM-RE patients had
new episodes with different S. maltophilia
strains. Molecular typing also differentiated
patients who were chronically infected or
colonized with the same strain (persistence) from
those with repeated episodes with different
S. maltophilia strains (variability).

PFGE has been recommended for epidemio-
logic studies of S. maltophilia isolates (13,23-25).
The technique has been shown to be more
discriminatory than enterobacterial repetitive
intergenic consensus polymerase chain reaction
and other molecular techniques for differentia-
tion within this species (13). In our study,
restriction endonuclease XbaI provides discrimi-
natory patterns, with a high discrimination value
on Simpson´s index (0.97), enabling easy
interpretation of banding profiles. This enzyme
has been used to study the stability of
S. maltophilia from a CF patient over a 15-month
period (26), the relationship between CF and
environmental S. maltophilia isolates (13), and
the epidemiology of S. maltophilia isolates from a
hematology department (27). Other studies have
been based on DraI (25,28,29) and SpeI
(23,27,30). In our study, XbaI was more efficient
than SpeI in distinguishing between subtypes or
closely related strains.

We observed only one positive culture of
S. maltophilia over the study period in 14
patients, in accordance with the results of Demko
et al. (6), who showed that 50% of CF patients had
only one positive culture of S. maltophilia over a
13-year period. In contrast, 11 patients (44%)
from our CF unit had repeated episodes of
S. maltophilia colonization or infection. Typing
studies, however, demonstrated different strains
in five patients and, with the exception of patient
8, a persistent strain was characterized in the
remaining six patients, but with a turnover with
distinct strains (Figure 4). Because of sampling
bias, some of these patients may also have had
persistent colonization. Of 11 patients with
repeated SM-RE isolates, 6 had evidence of
persistent colonization (Figure 5). More frequent
sampling could have increased this proportion.
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Cross-transmission was suspected in three
patients who shared isolates with an identical
PFGE profile. No overlapping hospitalizations,
clinical visits, or other epidemiologic relationship
were demonstrated in these patients. Recently,
Alfieri et al. (30) reported cross-transmission of
S. maltophilia in non-CF patients during two
consecutive nosocomial outbreaks in an intensive
care unit, but an environmental ventilator isolate
was temporally associated with infection.

Heterogeneity is also illustrated among
S. maltophilia isolates recovered from the same
patient. SM-RE patients 2, 5, 6, 7, and 9 were
colonized at different times by different clones
with PFGE similarity genetic coefficients of 24%
to 61%. Among S. maltophilia isolates recovered
from different patients, the genetic coefficient
range was even wider (25% to 75%). This
heterogeneity could result from acquisition from
different environmental sources, probably out-
side the nosocomial setting. In fact, a high
diversity of S. maltophilia isolates has also been
confirmed in the environment (13,25). The
precise mode of acquisition of S. maltophilia in
CF patients has not been determined, but
different studies strongly suggest that faucets,
ventilators, sink drains, and other devices

frequently in contact with water could be
common sites of contamination (13,25,28,30,31).

In most cases, chronic colonization with
P. aeruginosa occurs with a single strain, which
undergoes phenotypic variation over time (32).
This changing adaptive response is probably
driven by stressful conditions of the lung
environment for bacterial organisms and results
from the selection of hypermutable genetic
variants (33). In the case of S. maltophilia, the
isolation of the same clonal type after years of
apparent absence suggests a long low-grade
persistence that could not be detected by
microbiologic culture. In patient 3, the same
strain was isolated 11 times over a 7-year period
without change in its PFGE profile. The differing
subtypes in patients 1, 10, and 11 may be
accounted for by genetic events during chronic
colonization (Figure 4).

The 1997 Cystic Fibrosis Patient Registry
Annual Report (18) showed that S. maltophilia
respiratory colonization was 3.1% to 8.6% in
patients 2 to 5 and >45 years of age, respectively,
with a clear increase in patients >35 years of age.
We analyzed the age at first acquisition of an
S. maltophilia isolate, including all 25 patients
with at least one positive culture for this
organism during the study period. When
available, a retrospective review of cultures
obtained before 1991 was also taken into account.
Colonization rates were 4% to 24% in the 31-35
and 16-20 age groups, respectively. The peak age
of acquisition was 16-20 years, as reported by
Demko et al. (6), but the two groups of
S. maltophilia-colonized patients, SM-SE and
SM–RE, differed in age of acquisition. In SM-SE
patients, peak age of acquisition was 6 to 10 years
(42.8%); in the SM–RE group it was 16 to 20 years
(27.2%). These results suggest that S. maltophilia
colonization in younger CF patients could be an
isolated event, whereas chronic colonization with
this organism occurs more frequently when
acquired in 16- to 20-year-old patients.

Higher significant (p<0.05) differences in
S. maltophilia bacterial counts were obtained in
patients persistently colonized with this organ-
ism compared with those with single episodes,
suggesting that the colonizing ability of a given
strain may be a marker for future persistence. In
addition, the former group had a decline in
pulmonary function as indicated by FEV1 (%
predicted) values closest to the first and last
S. maltophilia isolations. Reduction in pulmonary

Figure 5. Pulsed-field gel electrophoresis pattern of XbaI-
digested genomic DNA of Stenotrophomonas maltophilia
isolates from two SM-RE patients. Lanes 1-10 from
patient 1 (persistence group): pattern 1a (lanes 1,3-6,8),
pattern 1b (ln 7), pattern 1c (lane 9) and pattern 2 (lane
2); lanes 10-15 from patient 5 (variability group): pattern
3 (lane 10), pattern 4 (lane 11,12), pattern  5 (lane 13),
pattern 6 (lane 14), pattern 7 (lane 15). Lanes M,
bacteriophage lambda standard marker.
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function could also reflect increased age or the
effect of other pathogens. In fact, a higher rate of
Aspergillus spp. isolation was detected in CF
patients chronically colonized with S. maltophilia.
However, a higher death rate was observed in
patients with a single episode of S. maltophilia
(28.5%) than in patients with repeated episodes
(18.2%), but both these values were higher than
those obtained in S. maltophilia-negative
patients (12.6%). Demko et al. recently reported a
lower death rate in patients with long-term
chronically S. maltophilia-positive cultures
(7.7%) than in those with transient or acute
positive cultures (21.1%)(6). Moreover, the
combined death rate in S. maltophilia-positive
patients (19.0%) was slightly higher than in
S. maltophilia-negative patients (16.5%). In
contrast, Goss et al. (34) demonstrated in a cohort
study that S. maltophilia acquisition did not
decrease survival in patients with CF, but
patients with this organism had significantly
lower FEV1 (% predicted) values. These data
suggest that isolation and persistence of
S. maltophilia could contribute to a progression
of clinical deterioration, particularly in patients
with lower pulmonary function. Increased
S. maltophilia colonization may be observed in
the future as a result of improvements in life
expectancy.
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From 1990 to 2000, tuberculosis (TB) caused
an estimated 88 million new infections and 30
million deaths worldwide (1). In Peru, tuberculo-
sis is highly endemic; a shantytown in Lima had
an annual incidence of pulmonary tuberculosis of
364 per 100,000 population (2). Despite the
implementation of community-based treatment
and control programs in Peru (3), management of
the disease has been complicated by high rates of
multidrug-resistant (MDR) TB. In one study in
Peru, 4.5% of all reported cases were resistant
to isoniazid and rifampin (4). Nosocomial
spread of MDRTB has been reported in both
industrialized and developing countries and has

been linked to inadequate hospital infection
control practices (5-7).

We investigated the potential for nosocomial
spread of MDRTB in one city hospital in Lima.
We assessed the prevalence of TB among
hospitalized patients on a general medicine
ward, the rate of MDRTB and the extent to which
active pulmonary TB had been suspected in
patients at the time of admission.

Methods

Study Population and Design
The study was conducted from January to

December 1997 in the Arzobispo Loayza
Hospital, an urban public hospital in Lima, Peru.
This hospital was founded as a women’s hospital
in the eighteenth century and continues to serve
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We examined the prevalence of tuberculosis (TB), rate of multidrug-resistant
(MDR) TB, and characteristics of TB on a female general medicine ward in Peru. Of 250
patients,  40 (16%) were positive by sputum culture and 27 (11%) by smear, and 8 (3%)
had MDRTB. Thirteen (33%) of 40 culture-positive patients had not been suspected of
having TB on admission. Six (46%) of 13 patients whose TB was unsuspected on
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MDRTB, is neglected.
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a largely female patient population. We solicited
the participation of all patients admitted to one of
the hospital’s eight female internal medicine
wards (an open room with 30 beds) during the
study period. The most common admission
diagnoses over the year of study were
pneumonia, bronchiectasis, cardiac insufficiency,
TB, cellulitis, diabetes mellitus and chronic renal
failure. The study protocol was approved by the
institutional review boards of the Johns Hopkins
University and Loayza Hospital. All study
participants gave informed consent.

Patients who agreed to participate in the
study answered a brief questionnaire and
underwent physical examination. The medical
records were reviewed. A tuberculin skin test
(TST) (5 tuberculin units, Connaught, Swiftwater,
PA) was administered and was read after 48 to 72
hours. The TST was considered positive if the
area of induration measured >10 mm both
vertically and horizontally. At least one sputum
specimen >1 mL in volume was obtained;
whenever possible, additional sputum specimens
were obtained on consecutive days.

Laboratory Testing for TB

Acid-fast Bacilli Smear Microscopy
All samples were digested and concentrat-

ed by the standard N-acetyl-L-cysteine NaOH-
Na citrate method for processing mycobacterial
specimens (8). Ziehl-Neelsen and Auramine
staining were performed by standard tech-
niques (8).

Cultures
Mycobacterial growth indicator tubes (Becton

Dickinson, Sparks, MD) containing both 10%
OADC (oleic acid, albumin, dextrose, and
catalase) (Becton Dickinson, Sparks, MD), and
100 µL of PANTA Antimicrobic Supplement
(Polymyxin B, Amphotericin B, Nalidixic acid,
Trimethoprim, and Azlocillin) (Becton Dickinson)
were injected with 500 µL of decontaminated
sputum sample according to the manufacturer’s
specifications. Löwenstein-Jensen slants (Difco,
Detroit, MI) and Middlebrook 7H11 medium
plates (Difco, Detroit, MI) were injected with
250  µL of decontaminated sample. Tubes were
incubated at 37°C and examined for mycobacte-
rial growth at least weekly for up to 6 weeks with
a 365-nm UV transilluminator. Löwenstein-
Jensen slants and micro-agar 7H11 plates were

incubated at 37°C with and without 5% CO2 and
examined by light microscopy for mycobacterial
growth at least weekly for 2 to 8 weeks after
injection (8). Criteria for positive mycobacterial
growth have been previously described by the
Centers for Disease Control (9).

Sensitivity Testing
The microplate alamar blue assay was used

to determine mycobacterial drug resistance (10).
Bacterial suspensions were prepared from
colonies grown on Middlebrook 7H11 agar.
Samples of the bacterial suspension (20 µL) were
grown in 96-well plates containing serial
dilutions of anti-TB drugs (isoniazid, rifampin,
ethambutol, streptomycin, capreomycin,
ciprofloxacin) until control wells tested positive
for mycobacterial growth, usually in 5 to 6 days.
Alamar blue reagent was then added to each well,
and mycobacterial growth was identified by a
change in media color from blue to pink. MIC was
defined as the lowest drug concentration at which
no blue-to-pink color change was observed. MICs
for the panel of six anti-TB drugs were
determined for each isolate.

Data Analysis
Patients were included in the study if they

completed the questionnaire, had a physical
examination, and provided one adequate sputum
specimen. A patient was considered to have
MDRTB if the sputum exhibited growth in media
containing both isoniazid and rifampin. HIV tests
were not performed as part of this study, but HIV
test results were available for some patients.

All data were entered twice, and the two
databases were compared to eliminate data entry
errors. Data were analyzed with SPSS version
7.5 (SPSS Inc., Chicago, IL) and Epi Info version
6.0 (CDC, Atlanta, GA). The chi-square and
Fisher’s exact tests were used to measure
strengths of association for categorical variables.
The Wilcoxon 2-sample test was used to compare
continuous variables.

Results
From January to December 1997, 250 (78%)

of 319 patients admitted to the ward had a
completed questionnaire and physical examina-
tion and at least one adequate sputum specimen.
Forty patients (16%) had sputum cultures
positive for Mycobacterium tuberculosis, and 26
of these had positive sputum smears. One patient
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had a positive smear but a negative culture. Only
three patients had a diagnosis of HIV infection;
none of the three had a positive sputum
specimen. Of the 69 ward patients who declined
to participate or were unable to provide an
adequate sputum specimen, 4 (6%) had been
admitted with a diagnosis of suspected TB. If we
assume all excluded patients to be negative for
TB, the minimum estimated TB prevalence on
the ward was 13%.

Patients with a cough of any duration, a
cough that lasted >2 weeks, reported weight loss,
hemoptysis, or a family history of TB were more
likely to have sputum cultures positive for TB
(Table 1). Anorexia was associated with a lower
likelihood of TB. Because of logistic constraints,
we were able to place and read a TST at 48 to 72
hours only on a subset of patients. Of the 67
patients with TST results, a positive reading was
observed in 11 (55%) of 20 culture-positive
patients compared with 10 (21%) of 47 patients
without TB (p=0.007). Among culture-positive
patients, those with a positive TST response were

younger than those with a negative reading
(median 23 years of age[range 19-66] vs. 47 years
[range 25-88], p=0.02 by Wilcoxon 2-sample test).
The socioeconomic status of patients with and
without TB was similar.

Of the 181 patients who reported past BCG
immunization, 178 (98%) had a scar. No vaccine
scars were observed among the 68 persons who
reported no history of BCG immunization.
However, having a BCG scar was not associated
with any apparent protective effect (Table 1). The
presence of a BCG scar was not associated with a
positive TST, even when TB culture positive
patients were excluded (p=0.7).

Of 40 patients with at least one positive
sputum culture, 23 (58%) had strains resistant to
at least isoniazid, 8 (20%) to rifampin, 4 (10%) to
ethambutol, and 1 (3%) to streptomycin. None
were resistant to ciprofloxacin or capreomycin.
Eight patients (20%) had TB resistant to both
isoniazid and rifampin and were classified as
having MDRTB. All 8 patients with resistance to
rifampin also had resistance to isoniazid, and 15
patients had strains resistant to isoniazid but not
to rifampin. Of the eight strains resistant to both
isoniazid and rifampin, one was also resistant to
ethambutol, one to streptomycin, and one to both
ethambutol and streptomycin. Of 8 patients with
MDRTB, 3 had a previous history of TB
treatment.

Culture-positive patients for whom TB was
the admitting diagnosis differed from those in
whom TB was not suspected at the time of
admission (Table 2). Patients whose TB had not
been suspected were older and less likely to have
the classic findings of cough, hemoptysis, weight
loss, and prior personal or family history of TB.
Patients whose TB had not been suspected at the
time of admission were less likely to have a
positive sputum smear, but this difference did
not reach statistical significance (p=0.16 by
Fisher’s exact test). However, patients whose TB
had not been suspected were significantly more
likely to have MDRTB. Six (75%) of 8 patients
with MDRTB were not suspected to have TB on
admission; 3 (50%) of these six were also smear
positive. Admitting diagnoses among culture-
positive patients whose TB had not been
suspected on admission included two patients
with diabetes mellitus, one with systemic lupus
erythematosus, and one with a lung lesion
thought to be a hydatid cyst.

Table 1. Female patients admitted to a general medicine
ward of a hospital, Lima, Peru

Mycobacterium tuberculosis
culture results

   Positive   Negativea

Characteristic N=40, n (%) N=209, n (%)
Median age (range) 43 (18-96)   46 (14-92)
Cough 35 (88)b 125 (60)b

Cough for > 2 weeks 25 (63)b   64 (31)b

Weight loss 33 (83)b 122 (58)b

Hemoptysis 12 (30)c   29 (14)c

Anorexia 22 (55)c 149 (71)c

Fever 24 (60) 108 (51)
Dyspnea 22 (55) 107 (51)
TST positived 11 (55)c   10 (21)c

BCG scar 28 (70) 150 (71)
History of BCG 29 (73) 152 (72)
  vaccination
Family history of TB 12 (30)c   32 (15) c

Prior history of TB   9 (23)   34 (16)
Socioeconomic indicators
   Electricity in home 36 (90) 196 (93)
  Piped water 32 (80) 180 (86)
  Able to read and write 31 (78) 159 (76)
aOne patient who was smear positive but culture negative
was excluded from the analysis.
bP value < 0.01 by Mantel-Haenzsel chi-square test.
cP value < 0.05 by Mantel-Haenzsel chi-square test.
dA total of 67 patients, 20 M. tuberculosis culture-positive
and 47 M. tuberculosis culture-negative, had tuberculin skin
tests (TST).
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Conclusions
The overall prevalence of TB among our

study patients was high: at least 13% of all
patients admitted to this general medicine ward
had active TB. Two-thirds of TB patients were
smear positive and therefore highly infectious,
one-fifth had multidrug-resistant strains, and
75% of the patients with MDRTB had not been
suspected of having TB when they entered the
hospital. As in most Latin American hospitals, no
masks or other respiratory devices were used to
prevent spread in this hospital, even when the
patient was known to be smear positive and
highly infectious.

Nosocomial outbreaks of MDRTB in the
United States in the 1980s and early 1990s
heightened enforcement of stringent hospital
control measures (11), leading to measurable
decreases in TST conversion rates among
hospital staff (12). Although the rate of TB in
Peru is approximately 20 times higher than that
of New York City (13), no concerted effort has
been made to improve TB control measures in
Peruvian hospitals.

The spread of MDRTB threatens control
efforts (14). The fact that the majority of our
patients with MDRTB had no history of past
treatment of TB implies that person-to-person

transmission of multidrug resistant strains
occurs in Peru. Our data suggest that hospital
wards may be one of the sites of transmission.

In developing countries where resources are
limited, TB control programs focus on identifica-
tion and treatment of infectious cases (15).
Although treatment is clearly an important
component of control, person-to-person spread of
resistant strains makes isolation a high priority
for preventing transmission. TST testing was not
useful in identifying the group in need of
screening. Anergy, which was common among
culture-positive TB cases, was associated statisti-
cally with older median age and was perhaps
related to concurrent systemic illness and poor
nutritional status among hospitalized patients.

Although Peru has implemented an effective
community-based TB control program, hospital
control has not been a focus. Control measures
such as isolation and respiratory precautions,
stringently enforced in the past, were relaxed
worldwide after the advent of inexpensive,
effective anti-TB medications. After 50 years of
selective drug pressure, the outbreak of MDRTB
in New York City (5) dramatically highlighted
the consequences of lapses in infection control.

Our data show that in countries or locales
with a known high prevalence of TB, hospitals
should screen all patients with respiratory
symptoms by sputum smear within 12 hours of
admission to hospital. Those found to be smear-
positive should be placed in respiratory isolation,
apart from TB-negative patients, until the smear
becomes negative. Hospital personnel should
observe respiratory precautions in caring for
these patients. A system of rapid culture
diagnosis and susceptibility testing should be
implemented, allowing the presumptive diagno-
sis of MDRTB within 2 weeks (16). In
combination, admission screening for TB, re-
implementation of effective hospital respiratory
control, and rapid TB diagnosis can substantially
decrease the transmission of TB, especially
MDRTB, in countries like Peru.
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Table 2. Mycobacterium tuberculosis culture-positive
patients, by admission diagnosis, Lima, Peru

M. tuberculosis
                    culture-positive patients

Suspected TB No suspected TB
Characteristic N=27, n (%) N=13, n (%)
Median age (range) 27 (18-87)a 58 (22-96)a

Cough 27 (100)b   8 (62)b

Cough for > 2 weeks 20 (74)c   5 (39)c

Weight loss 25 (93)c   8 (62)c

Hemoptysis 10 (37)   2 (15)
Fever 16 (59)   8 (62)
Anorexia 13 (48)   9 (69)
Dyspnea 17 (63)   5 (39)
Prior history of TB   8 (30)   1 (8)
Family history of TB 10 (37)   2 (15)
Smear positive 20 (74)   6 (46)
MDRTB   2 (7)c   6 (46)c

MDRTB and smear   2 (7)   3 (23)
  positive
ap value < 0.05 by Wilcoxon 2-sample test.
bp value < 0.01 by Fisher’s exact 2-tailed test.
cp value < 0.05 by Fisher’s exact 2-tailed test.
MDRTB = Multidrug-resistant tuberculosis.
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West Nile (WN) virus is a member of the
Japanese encephalitis (JE) antigenic complex of
the genus Flavivirus, family Flaviviridae.
Mosquito-borne WN virus fever is endemic in
Africa, the Middle East, and Southwest Asia. The
antigenically and genetically related Kunjin
virus is a WN virus counterpart in Australia and
Southeast Asia and has recently been taxonomi-
cally classified as a subtype of WN virus. Until
recently, WN virus infection in humans was
considered a relatively mild, influenzalike
disease with full recovery, although occasionally
(<15% of cases) acute aseptic meningitis or
encephalitis occurred  (1). No large outbreak of
WN virus fever was reported in Europe until
August and September 1996, when more than
500 clinical cases were observed in Romania
(Bucharest region), with  high rates of neurologic
disorders and death (up to 10%) (2). WN virus had
never been detected in the Western Hemisphere
until August 1999, when an outbreak of human
WN encephalitis in New York City (56 confirmed
cases, 7 deaths) coincided with unusual deaths in
crows and exotic birds (3-5).

The Study
In August and September 1999, an outbreak

of acute viral infection consistent with arboviral
infection occurred in the Volgograd Region,
Russia. Epidemiologic and clinical data were
collected and analyzed in the Center of Sanitary
and Epidemic Control for the Volgograd Region
in collaboration with the Commission of the
Russian Ministry of Public Health. From July 25
to October 1, 826 patients were admitted to area
hospitals with the clinical diagnosis of acute
aseptic meningoencephalitis (code A86, ICD-10;
84 patients), acute aseptic meningitis (code
A87.9; 308 patients), or acute viral infection with
fever (code B34.9; 347 patients). Serum samples
from 318 patients were tested for WN  virus
antibody by immunoglobulin (Ig)M-capture
enzyme-linked immunosorbent assay (ELISA)
and indirect IgG ELISA (2,6); 183 (58%) samples
demonstrated a level of anti-WN virus IgM
indicative of acute infection. This proportion was
approximately the same in patients with aseptic
meningoencephalitis, aseptic meningitis, and
acute fever. These 183 cases were considered
serologically confirmed WN virus cases; all 826
cases were considered clinically compatible WN
virus cases. The total number of suspected overt
human WN virus cases was estimated to be 480.

Outbreak of West Nile Virus Infection,
Volgograd Region, Russia, 1999
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From July 25 to October 1, 1999, 826 patients were admitted to Volgograd Region,
Russia, hospitals with acute aseptic meningoencephalitis, meningitis, or fever
consistent with arboviral infection. Of 84 cases of meningoencephalitis, 40 were fatal.
Fourteen brain specimens were positive in reverse transcriptase-polymerase chain
reaction assays, confirming the presence of West Nile/Kunjin virus.
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Volgograd City (population 1 million) is
located on the west bank of the Great Volga River
(latitude 48°N, longitude 44°E) in the Russian
steppe; Volzskii City (population 300,000) is on
the opposite bank. Approximately 65% and 30%
of WN virus cases were from Volgograd and
Volzskii, respectively; the rest occurred in the
rural region around Volgograd, near the Volga
River or its tributaries. The male:female
infection ratio was 1:1. The incidence of infection
was age specific; more than 50% of patients were
>50 years of age and less than 15% were <15
years. The epidemic peaked between August 21
and August 25, waning with the onset of cooler
temperatures in late September. Figures were
similar for serologically confirmed and clinically
probable WN virus cases.

The clinical characteristics of the Volgograd
WN virus epidemic differed somewhat from those
of previous outbreaks (1). In Volgograd, the
disease was generally more severe, with a higher
than normal case-fatality rate. The central
nervous system was usually involved, and acute
aseptic meningitis or encephalitis was frequently
observed. Rash and conjunctivitis were rarely
observed. Abdominal pain, diarrhea, respiratory
symptoms, and lymphadenopathy were rare or
absent. As in other WN virus epidemics, clinical
features included abrupt onset of disease,
asthenia, high fever (up to 39°C-40°C), headache,
and vomiting.

Of the 84 cases of acute aseptic meningoen-
cephalitis, 40 were fatal (7). Autopsies of
laboratory-confirmed WN meningoencephalitis
cases revealed perivascular hemorrhages, ecta-
sis of ventriculi of the brain, foci of encephaloma-
lacia, dislocation of the brain trunk (30% of
cases), and hydropericarditis with flabbiness of
the cardiac muscle. Microscopy findings included
signs of focal encephalitis and vasculitis,
lymphocytic perivascular inflammatory infiltra-
tion, profound degenerative and necrobiotic
changes of ganglion cells in the cerebral cortex,
and signs of brain edema, as well as parenchymal
myocarditis (stromal edema, degeneration of
myocytes, foci of myolysis, and fragmentation of
myofibrils). Thirty (75%) of the patients who died
were >60 years of age.

We have developed reverse transcriptase-
polymerase chain reaction (RT-PCR) assays
specific for WN/Kunjin genome and a consensus
assay for the detection of all flavivirus genomes
(5,8, 9). Two pairs of oligonucleotide primers

(WN11/WN2, WN1/WN2) were designed to
hybridize to a relatively conserved region within
the envelope (E) gene of WN/Kunjin viruses. The
expected amplification product was 222 base
pairs long (WN1, 5'- AGG, GGC, CAC, CCA, GGC,
TGG, AAG, ATT, CA- 3'; WN11,   5'-TGG, GGC,
CAC, TCA, GGC, AGG, GAG, ATT, CA-3'; WN2,
5'-CAC, GTG, GTG, CTT, CCA, GCA, CTG, CTC,
CA-3'). Another pair of primers, FLV1/FLV2, was
designed to hybridize to conserved regions within
the RNA replicase (NS5) gene of a wide variety of
flaviviruses, amplifying nearly a 220-bp frag-
ment (FLV1, 5'-GGI, AGC, AGI, GCC, ATI, TGG,
T(A/T)C, ATG, TGG - 3'; FLV-2, 5'-C(G/T)I, GTG,
TCC, CAI, CCI, GCI, GTG, TCA, TC-3').

Brain tissue samples taken at autopsy from
14 patients with  meningoencephalitis were
subjected to RT-PCR with primer pairs WN11/
WN2, WN1/WN2, and FLV1/FLV2. The samples
and corresponding viral RNA/cDNA prepara-
tions are designated below as Volgograd-1999-1,
Volgograd-1999-2, and the like. Two WN virus
strains isolated in 1967-1970 in the Republic of
Azerbaijan (former Soviet Union) and the
prototype JE strain isolated in Tokyo were used
as control templates in the RT-PCR assay. All 14
brain samples were strongly positive in the RT-
PCR assays with WN11/WN2, WN1/WN2, and
FLV1/FLV2, confirming the presence of WN/
Kunjin sequences. The WN-Azerbaijan-1967 and
WN-Azerbaijan-1970 control RNA preparations
were positive only with WN11/WN2 and FLV1/
FLV2 primer pairs, indicating that some
differences in the corresponding region of the E
gene from the old and new “Russian” WN virus
strains were likely. As expected, the JE-Tokyo-
1935 RNA preparation was negative in the WN-
specific RT-PCR assay, but positive with FLV1/
FLV2 primers.

The amplification products obtained from the
E and NS5 genes from seven patients (#1, 3, 7, 11,
12, 13, 14) and from the reference WN-Azerbaijan-
1967 and WN-Azerbaijan-1970 strains were
subjected to DNA sequencing. The sequences
obtained from the Volgograd patients were
identical, suggesting infection with a single WN
virus strain.

The E sequences of the Volgograd and
Azerbaijan WN viruses were aligned with each
other and with 38 other WN/Kunjin strains, by
using CLUSTAL W alignment software. The NS5
sequences of the Volgograd and Azerbaijan WN
viruses were aligned with 16 other flavivirus
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strains by CLUSTAL W. The high level of
sequence similarity confirmed the WN virus
source of the Volgograd cases (Table). Phyloge-
netic trees of WN/Kunjin viruses and all
flaviviruses derived from E and NS5 gene
sequences (5,8-10) have been previously de-
scribed. We used smaller gene fragments, 165
bases of E gene and 147 bases of NS5 gene;
however, the deduced phylogenetic trees were
practically the same. Therefore, we limited the
analysis to the most similar strains, including the
epidemiologically important WN-New-York-1999
and WN-Romania-1996 strains, and some

representatives of other taxonomic subdivisions.
For comparison, the designation of strains
coincides with the designation in publications
where the additional details of strain history are
given (5,10).

The Volgograd and old Azerbaijan WN virus
strains clearly belonged to “lineage 1” of WN
virus isolates (5,9-10). Within lineage 1, the
Volgograd patient strains were most closely
related to the current Kenya and Senegal strains
and the Romanian mosquito isolate (the identical
E gene fragment of 165 nucleotides [nt]). The
Azerbaijan isolates were more closely related to

Table. Percentage identity of nucleotide sequence for E and NS5 gene fragments among West Nile/Kunjin viruses

     WN-
  WN-  New York-

  Kenya-   1999F
1998 and     and   WN-   WN-

    WN-     WN-     WN-   Azer-   Azer-     WN-  WN- Kunjin-     WN-
Romania- Senegal- New York- baijan- baijan- Romania- Egypt-  Aust-   Nigeria

Virus strain   1996M    1993   1999H  1967  1970   1996H  1951  1960 (Wengler)
WN-Volgograd- 100 100 98.2 93.9   93.9   93.9 92.3 86.7 74.5
  1999-1 and WN-   96.6 94.6 95.2   92.5 85.0 78.2
  Volgograd-
  1999-11*

Romania-1996M 100 98.2 93.9   93.9   93.9 92.3 86.7 74.5
96.6 94.6   95.2 92.5 85.0 78.2

WN-Kenya-1998 98.2 93.9   93.9   93.9 92.3 86.7 74.5
  and WN-
  Senegal-1993

WN-New York- 95.8   95.8   95.8 94.5 87.3 75.8
  1999F and WN- 95.2   94.6 93.2 85.7 78.9
  New York-1999H

WN-Azer- 100 100 97.6 88.5 75.8
  baijan-1967   99.3 98.0 87.8 78.2

WN-Azerbaijan- 100 97.6 88.5 75.8
  1970 97.3 88.4 78.2

WN-Romania- 97.6 88.5 75.8
  1996H

WN-Egypt-1951 87.9 75.8
87.1 76.2

Kunjin-Aust-1960 75.1
72.8

WN-Nigeria
  (Wengler)
*First lines in a row = percentage identity of nucleotide sequence for E gene fragment; second lines in a row = percentage
identity of nucleotide sequence for NS5 gene fragment (if available). The strains with identical sequences of E and NS5
fragments are placed in the same row or column.
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WN-Egypt-1951 strain and the Romanian human
isolate (Figure). The New York-1999 isolate
differed from the Volgograd isolates in 3 nt
positions and from the Azerbaijan isolates in 7 nt
positions. All 10 polymorphic sites in sequences
of Volgograd, New York, Azerbaijan, and

Figure. Phylogenetic trees based on nucleic sequence data of E-glycoprotein gene fragment of 165 bp. The trees
were constructed with the program CLUSTAL by using the neighbor joining method of Saitou and Nei with
bootstrapping. Tree is rooted by using Japanese encephalitis sequence as an outgroup. The designation of isolates
corresponds to that in publications (5,10), where details of isolate history are given. Alignments used for analysis
are available upon request from the authors.
aWN virus strains used in phylogenetic analysis. WN-Volgograd-1999-1 = human brain tissue from female patient, Volgograd,
Russia, GenBank accession # AF239988 (E gene fragment) and #AF239990 (NS5 gene fragment); WN-Kenya-1998 = strain
KN3829 isolated from Culex univittatus, # AF146082; WN-Senegal-1993 = strain SEN-ArD93548 isolated from Culex neavei,
# AF001570; WN-Romania-1996M = strain RO97-50 isolated from Culex pipiens pool, # AF260969; WN-New-York-1999F =
strain NY99-flamingo382-99 isolated from Bronx Zoo flamingo 1999, # AF196835; WN-New-York-1999H = strain HNY1999
isolated from total human brain RNA, # AF202541; WN-Azerbaijan-1967 = isolated from a bird, # AF241822 (NS5 gene
fragment); WN-Azerbaijan-1970 = strain A-72 isolated from a tick Ornitodorus coniceps, # AF241821 (NS5 gene fragment) and
# AF237564 (E gene fragment); WN-Romania-1996H = strain RO96-1030 isolated from human CSF, # AF130363; WN-Egypt-
1951 = strain Eg101, #AF260968; Kunjin-Aust-1960 = Kunjin virus MRM61C, # D00246; WN-Nigeria = West Nile virus, #
M12294 and #NC_001563.

Romania strains were in the third codon position,
producing silent mutations. WN-Volgograd-1
differed from WN-Egypt-1951 in 1 amino acid
(aa) (Leu vs. Trp), from Kunjin in 1 aa (Asn vs.
Ser) and from WN-Nigeria in 5 aa within the E
fragment of 55 aa.
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Although a few sequences of WN virus NS5
gene were available, the data confirmed that the
WN virus strains of lineage 1 were more close to
each other (the differences in 0-11 nt of 147) than
to Kunjin, and especially distant from WN-
Nigeria (Wengler) strain (Table). Again, all 10
polymorphic sites in sequences of lineage 1
strains corresponded to the silent mutations
only. WN-Volgograd-1 differed from Kunjin in 1
aa (Lys vs. Arg) and from WN-Nigeria in 3 aa (Arg
vs. Lys, Arg vs. Lys, and Ile vs. Val) but differed,
for example, from Saint Louis (AF013416) in 11
aa within the NS5 fragment of 48 aa. The
isolation of WN virus from one of our clinical
brain samples, Volgograd-1999-4, will make
complete genome sequencing and further viro-
logic investigations possible (11).

Conclusions
Our data, together with those of previous

publications, document several outbreaks of
emerging WN virus infection in regions where
this disease was not found or was rarely found.
(There were a few isolations of WN virus in
Romania and the former Soviet Union before
1996-99.) Some isolates demonstrate a high
degree of similarity (New York-1999 and Israel-
1998; Volgograd-1999, Romania-1996-mosquito
isolate, Kenya-1998, and Senegal-1993;
Azerbaijan-1967 and Romania-1996-human iso-
late). Moreover, the last three large outbreaks
were caused by genetically similar strains (WN-
Romania-1996, WN-New York-1999, and WN-
Volgograd-1999), indicating the wide circulation
and emergence of potentially epidemic strains of
WN virus. All three cities, Bucharest, New York,
and Volgograd, are located near large bodies of
water and on bird migration pathways and all
had unusually dry summers the year of the
outbreak (12). Some clinical characteristics of the
recent WN virus epidemics were unexpected,
such as the high rate of neurologic disorders and
death. These unusual characteristics may be due
to the expansion of new pathogenic WN virus
strain(s) or to the peculiarities of the human host
response.
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Molecular subtyping, primarily by multilocus
enzyme electrophoresis (MEE) and ribotyping,
has identified substantial genetic diversity
within the Corynebacterium diphtheriae species,
leading to the identification of a unique clonal
group that emerged in Russia in 1990 at the
beginning of the current diphtheria epidemic (1).
Strains of this clonal group belong to a distinct
electrophoretic type complex (ET8 complex) and
are of ribotypes G1 and G4. Identification of this
clonal group has permitted precise monitoring of
the epidemic’s growth and rapid detection of
imported cases in neighboring and other
European countries.

Use of traditional subtyping methods in
monitoring the expansion of the epidemic clone
has helped differentiate epidemic, endemic, and
imported cases and has allowed timely preven-
tive measures. Even as the epidemic declines
(from more than 50,000 cases in 1995 to 1,436
cases in 1998), identifying organisms belonging
to this epidemic clone in cases of suspected
importation into locations where diphtheria is
rarely encountered continues to provide valuable
information. Since both ribotyping and MEE are

time-consuming, taking 3-4 working days to
produce results, rapid methods that could
distinguish the predominant clone would im-
prove epidemic surveillance and prevention
measures.

Random amplified polymorphic DNA (RAPD)
is a simple and rapid molecular subtyping
method. Recently, Nakao et al. (2) optimized and
standardized this assay for C. diphtheriae and
showed that the discrimination level obtained by
RAPD correlated well with that of ribotyping;
each of 20-plus ribotyping patterns was
associated with one or more distinct RAPD
patterns. We compared these two techniques on a
large number of C. diphtheriae Russian isolates
from 1995 to 1997, focusing on the ability of
RAPD to identify the isolates of the epidemic
G1/4 clonal group.

The Study
All C. diphtheriae strains were collected by

the Russian Federal Diphtheria Diagnosis
Reference Laboratory. Of 199 isolates from
different regions of Russia, 187 were isolated
from 1995 to 1997; 12 were isolated during 1993
to 1994; 68 were recovered from clinically
diagnosed diphtheria patients; and the remain-
ing 131 isolates were obtained from carriers.

Identification, biotype, and toxigenicity
determination were performed by standard
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microbiologic methods (3,4). RAPD was per-
formed by the Ready-To-Go RAPD Kit (Pharmacia
Biotech, Piscataway, NJ)(2). RAPD type designa-
tions were adopted from those previously
documented by Nakao et al. (2). Ribotyping was
carried out as previously described (1) with some
modifications (Table). MEE was performed as
previously described (1). The genetic relatedness
of the electrophoretic types (ETs) was illustrated
as a dendrogram, generated by the average-
linkage method of clustering the ETs (7) and by
using an SAS macro program described by Jacobs
(8).

Of the 199 C. diphtheriae isolates, 185 were
biotype gravis, and 14 were biotype mitis. All
isolates were toxigenic by the Elek assay. When
assayed by RAPD using primers 3 and 4, the 199
isolates that were identical by primer 3 were also
identical by primer 4, with the single exception of
isolate B506. Of 185 isolates of the gravis biotype,
183 were the G1/4 RAPD type. Isolate B325 had a

Table. Random amplified polymorphic DNA (RAPD)
assay and ribotyping for 79 Russian Corynebacterium
diphtheriae isolatesa,b

 Number   RAPD
Ribotype Biotype of strains Primer 3 Primer 4
G1 G 38 G1/4 G1/4

M   2 G1/4 G1/4
G4 G 25 G1/4 G1/4

M   1 G1/4 G1/4
G   1 Newc G1/4

G4v G   1 G4v G4v
M1 M   5 M1/1v M1/1v
M1v M   5 M1/1v M1/1v
New M   1 New New
aG, biotype gravis; M, biotype mitis. Cultures were kept
lyophilized at room temperature or were stored in
defibrinated sheep blood and held at -70°C until needed.
Before use, the strains were inoculated onto blood agar plates
(trypticase soy agar with 5% sheep blood; Becton Dickinson,
Cockeysville, MD) and were incubated at 37°C overnight.
bDNA for ribotyping was isolated by the universal isolation
procedure (5). Hybridization of restricted DNA fragments
was performed using a mixture of five digoxigenin-labeled
oligonucleotide probes at 37°C for 4 hours as recently
described by Regnault et al. (6). Posthybridization washes
were also performed at 37°C in 2X SSC (1 X SSC is 0.15 M
NaCl plus 0.015 M sodium citrate), 0.1% sodium dodecyl
sulfate (SDS) for 2x5 minutes and in 0.1X SSC, 0.1% SDS for
2x10 minutes. Detection was performed by using the DIG
Wash and Block Buffer Set (Boehringer Mannheim
Biochemicals, Indianapolis, IN), sheep anti-digoxigenin
antibody conjugated with alkaline phosphatase, nitroblue
tetrazolium chloride (NBT), and 5-bromo-4-chloro-3-
indolylphosphate (BCIP).
cNew = pattern had not been previously observed.

G4v pattern, and isolate B506 had the G1/4
pattern only by primer 4. When primer 3 was
used on this isolate, a different pattern was
observed.

The RAPD patterns of the 14 isolates of the
mitis biotype were distributed into three groups.
The first group included three isolates of the G1/4
RAPD type (B294, B399, B400). The second group
included 10 isolates that had RAPD patterns
types M1 and M1v. The third group included only
one isolate (B306), which had a RAPD pattern
completely different from any previously assayed
strain.

Seventy-nine isolates were ribotyped. Of the
186 isolates with RAPD G1/4 patterns (183 gravis
and 3 mitis), 66 were selected to be ribotyped for
their geographic and temporal diversity. In
addition, all non-G1/4 isolates were ribotyped.
The ribotyping results correlated extremely well
with the RAPD data (Table, Figure). With one
exception, all isolates of the G1/4 RAPD type also
had a G1 or G4 ribotype; 40 had the G1 ribotype,
and 26 isolates possessed the G4 ribotype. In
addition, the G4v ribotype was observed in the
isolate with the G4v RAPD pattern. Isolate B306,
which had an RAPD type not previously
observed, also had a ribotype that did not
resemble any previously established ribotypes.
Five M1 and five M1v ribotypes were identified
among the 10 M1/1v RAPD type isolates.

Twenty-nine isolates of RAPD types G1/4 and
ribotypes G1 or G4 were analyzed by MEE.
Among all isolates of this group, seven individual
ETs, which clustered at a genetic distance of
<0.12, were identified; all ETs were members of
the previously defined ET8 complex. Only one to
three enzyme differences from the ET8 complex
were observed among the individual enzyme
types (data not shown). The ET8 complex
contains 27 ETs, which are related to each other
at a genetic distance of 0.20 and have a maximum
of four enzyme differences within the complex.

Conclusions
The C. diphtheriae epidemic clonal group

associated with the recent diphtheria epidemic in
the Russian Federation is characterized as being
of ribotypes G1 and G4 and belonging to the ET8
complex. Detection of a unique epidemic clonal
group has allowed continuous monitoring of the
circulation of existing clones and rapid detection
of new or unusual clones. The epidemic
emphasized the need for continuous study of the
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biologic properties of C. diphtheriae. Thus, a
Corynebacterium ribotype database has been
established, and substantial efforts are under
way to standardize molecular subtyping ap-
proaches in diphtheria reference centers world-
wide (9).

Given that ribotyping still takes several days
to be completed, we evaluated the role RAPD
might have as a rapid and reliable molecular
subtyping tool by comparing its differentiation
abilities to those of ribotyping; 199 C. diphtheriae
isolates were analyzed, and RAPD was shown to
be as discriminative as standard ribotyping. All
but one isolate of ribotypes G1 or G4 were
correctly identified as belonging to the G1/4
RAPD group by both primers. For comparative
purposes, we analyzed a smaller number of
isolates with M1 and M1v ribotypes; all of these
isolates were also correctly identified as
belonging to the M1/1v group by both RAPD
primers. The two isolates that gave non-G1/4 or
M1/1v ribotypes (B325 and B306) were obtained
in the Asian part of Russia (Barnaul and
Cheljabinsk, respectively).

Furthermore, of the 29 isolates that were
analyzed by MEE, 7 closely related ETs (all
members of the ET8 complex) were identified.
These ETs differed from the predominant ET8 by
one to three enzymes. MEE still provides a higher
level of differentiation of the epidemic
C. diphtheriae isolates (27 ETs) than ribotyping
and RAPD (2 and 1 types, respectively). However,
by all three methods, the isolates in our study
were still clearly defined as belonging to the
earlier described epidemic clonal group.

Our data unambiguously show that RAPD
can be reliably and reproducibly used for rapidly
screening strains of the predominant epidemic
clonal group. Such rapid identification is
extremely useful in investigations of potentially
imported cases so that timely preventive
measures can be implemented.

Dr. Kombarova is a microbiologist at the
Gabrichevsky Institute of Epidemiology and Microbiol-
ogy in Moscow, Russia. Her areas of expertise are isola-
tion, identification, and molecular subtyping of Coryne-
bacterium diphtheriae. She was extensively involved in
identifying the epidemic clonal group associated with the
diphtheria epidemic in Russia.

Figure. A) RAPD patterns of Corynebacterium
diphtheriae isolated from 1995 to 1997. Lane 1, 1740
(strain #), gravis, G1/4 RAPD type strain. Lane 2,
B327, gravis, G1/4 (RAPD type), 1997 (year of
isolation). Lane 3, B400, mitis, G1/4, 1995. Lane 4,
490, gravis, G1/4 ribotyping type strain. Lane 5, B375,
gravis, G1/4, 1995. Lane 6, B294, mitis, G1/4, 1996.
Lane 7, B325, gravis, G4v, 1997. Lane 8, 860, mitis,
M1/M1v RAPD type strain. Lane 9, B389, mitis, M1/
M1v, 1995. Lane 10, B324, mitis, M1/M1v, 1997. Lane
11, B306, mitis, new RAPD pattern, 1997. B)
Ribotyping patterns of C. diphtheriae isolated from
1995 to 1997. Lane 1, G4174 (strain #), gravis, G1
ribotyping type strain. Lane 2, B327, gravis, G1
(ribotype) 1997 (year of isolation). Lane 3, B400, mitis,
G1, 1995. Lane 4, G4183, gravis, G4 ribotyping type
strain. Lane 5, B375, gravis, G4, 1995. Lane 6, B294,
mitis, G4, 1996. Lane 7, B325, gravis, G4v, 1997. Lane
8, G4212, mitis, M1 ribotyping type strain. Lane 9,
B389, mitis, M1, 1995. Lane 10, B324, mitis, M1v,
1997. Lane 11, B306, mitis, new ribotype, 1997.

A
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Shigella spp. cause acute, debilitating
diarrheal disease in humans (particularly young
children) worldwide (1). In developing countries,
where affected populations are immunologically
compromised by poor nutrition and background
infections, deaths attributed to shigellosis are
common. Four Shigella species are recognized as
pathogenic to humans: S. sonnei, S. boydii,
S. flexneri, and S. dysenteriae. Both S. sonnei and
S. boydii are usually associated with mild illness
of short duration in which the stool may be
watery or bloody (2). S. flexneri is generally more
severe, lasts longer, and causes blood in stools.
S. dysenteriae, particularly type 1, causes the
most severe diarrheal illness, reflected in high
death rates (3). S. flexneri is a principal cause of
endemic shigellosis in many developing coun-
tries, while shigellosis in both endemic and
epidemic form has been attributed to
S. dysenteriae type 1 (2). Changes in the
worldwide epidemiology of Shigella spp. have

been documented in the last decades of the 20th
century. In industrialized regions, S. dysenteriae
was first replaced by S. flexneri, and then by
S. sonnei (4,5); S. flexneri remains the leading
cause of shigellosis in most of the developing
world (2,6-8).

In Indonesia, the last cases of S. dysenteriae
diarrhea were reported in 1985 from Jakarta
(8,9). This report, based on a study using a
systematic surveillance approach that included a
standardized detailed bacteriologic examination,
provides an Indonesia-wide geographic profile of
Shigella spp.

The Study
From June 1998 through November 1999, a

total of 3,848 children and adults seeking
treatment for debilitating diarrheal disease were
identified from eight hospital sites in Medan,
North Sumatra; Padang, West Sumatra; Batam,
Riau Island; Jakarta, Java Island; Denpasar,
Bali (two hospitals); Pontianak, West Kalimantan;
and Makassar, South Sulawesi. Rectal swabs
were obtained from patients in the study before
antibiotic therapy was administered. Specimens
were placed in Cary-Blair transport medium,
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From June 1998 through November 1999, Shigella spp. were isolated in 5% of
samples from 3,848 children and adults with severe diarrheal illness in hospitals
throughout Indonesia. S. dysenteriae has reemerged in Bali, Kalimantan, and Batam
and was detected in Jakarta after a hiatus of 15 years.



138Emerging Infectious Diseases Vol. 7, No. 1, January–February 2001

Dispatches

held at 4°C, and sent on wet ice within 2 to 4 days
after collection to the U.S. Naval Medical
Research Unit No. 2, Jakarta. Bacteriologic
evaluation was performed by standard culture
method (10). Species was confirmed by using API
20E (Biomerieux, Marcy l’Etoile, France) and
slide agglutination with specific Shigella antis-
era (Difco Laboratories, Detroit, MI). Antibiotic
susceptibility testing was accomplished by the
disk-diffusion method (11).

Overall, bacterial isolates of Shigella spp.
were identified in 180 (5%) of 3,848 rectal swabs.
The proportional contribution of S. flexneri,
S. sonnei, and S. dysenteriae among shigellosis
cases was 80%, 12%, and 8%, respectively. No
S. boydii was detected. The percentage of
representation among the three species did not
vary substantially by geographic location.
Notable was the reemergence of S. dysenteriae in
Bali, West Kalimantan, and Batam, as well as in
Jakarta after a hiatus of >15 years (Table). The
proportional distribution of S. flexneri, S. sonnei,
and S. dysenteriae for the 5- to 12-year-old and
>12-year-old groups was similar. There appeared
to be no consistency in the seasonal distribution
patterns of Shigella spp. (Figure). S. flexneri was
the most frequently isolated organism, followed
by S. sonnei and S. dysenteriae.

Other enteric pathogens isolated were
Salmonella spp. (95, 2.5%), Vibrio cholerae (80,
2.1%), V. parahaemolyticus (38, 1%), V. cholerae
non-O1 (9, 0.2%), and Campylobacter spp. (27,
0.7%). Enterotoxigenic Escherichia coli were
detected in 225 (18.1%) of 1,240 specimens tested
by the GM1 enzyme-linked immunoassay (12). Of
the 541 specimens examined for rotavirus in the
age groups < 5 years, 191 (35.3%) were positive.
Tests to detect parasites showed Ascaris
lumbricoides in 8 (2%), Blastocystis hominis in 23
(5.6%), Giardia lamblia in 3 (0.7%), and Endolimax
nana in 2 (0.5%) of 407 stool specimens examined.

Clinical presentations associated with non-
S. dysenteriae included abdominal cramping
(79%), vomiting (56%), and fever (48%); for
S. dysenteriae, percentages of the same symp-
toms were 100%, 64%, and 27%, respectively.
Stool samples from patients with S. flexneri,
S. sonnei, and S. dysenteriae were principally
characterized by mucus in the absence of blood
(45%) or mucus and visible blood (27%).

Overall, antibiotic susceptibility patterns
showed greater resistance to ampicillin,
trimethoprim-sulfamethoxazole, chlorampheni-
col, and tetracycline for S. flexneri (85%, 59%,
82%, and 98%, respectively, from examination of
144 isolates) and S. sonnei (32%, 79%, 37%, and
100%, respectively, from examination of 22
isolates), than for S. dysenteriae (36%, 43%, 7%,
and 29%, respectively, from examination of 14
isolates). There was no evidence of resistance to
ceftriaxone, norfloxacin, ciprofloxacin, or nalid-
ixic acid, regardless of Shigella species.
Antimicrobial resistance was only apparent
among isolates obtained from Jakarta, Bali, and
Pontianak.

Conclusions
Our study showed that a substantial

proportion (5%) of acute, debilitating diarrheal
illness throughout Indonesia can be ascribed to
shigellosis; moreover, S. dysenteriae was docu-
mented from various geographic locations. Both
findings suggest that greater attention should be
paid to highlighting the endemic and epidemic
community impact of this pathogen and that
laboratory detection capabilities need to be
enhanced. Recognition of emerging and or
reemerging disease pathogens requires reliable
baseline and ongoing surveillance data.

Shifting patterns of antimicrobial-drug resis-
tance, particularly in much of the developing
world, are generally a function of overuse and

Table. Distribution of Shigella spp. from patients with diarrhea in Indonesia, June 1998 through November 1999

No. specimens No. pos. for    Proportional distribution of Shigella spp. (%)
Sites        tested    Shigella (%) S. flexneri S. sonnei S. dysenteriae
Jakarta 2495 122 (5)   97 (80) 17 (14)   8 (6)
Makassar   146     4 (3)     3 (75)   1 (25)   0 (0)
Denpasar (2)   607   35 (6)   29 (83)   2 (6)   4 (11)
Pontianak   330   16 (5)   13 (81)   2 (13)   1 (6)
Batam     99     1 (1)     0 (0)   0 (0)   1 (100)
Padang     51     2 (4)     2 (100)   0 (0)   0 (0)
Medan   120     0 (0)     0 (0)   0 (0)   0 (0)
Total 3848 180 (5) 144 (80) 22 (12) 14 (8)
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misuse of antibiotic drug therapies. The spread of
drug resistance is the result of poorly regulated
and enforced policies. Resistance to nalidixic acid
(100%) among isolates of S. dysenteriae has been
reported in Bangladesh (13); however, we found
no such resistance. Nevertheless, other data from
Indonesia indicate increasing resistance. In a
previous report (8), 72% of Shigella spp. were
resistant to tetracycline, but less than 30% were
resistant to chloramphenicol, trimethroprim-
sulfamethoxazole, or ampicillin. Previous studies
from Bangladesh and Tanzania (13,6) showed
that almost all tested isolates were resistant to
the antibiotics used for treatment. Similar
antimicrobial resistance profiles for Shigella spp.
were reported from Thailand (14), where high
resistance to ampicillin, trimethroprim-
sulfamethoxazole, chloramphenicol, and tetracy-
cline was documented.

The reemergence of S. dysenteriae from
several locations in Indonesia should prove cause
for concern to health officials, particularly in
monitoring acute, debilitating diarrheal out-
breaks. The epidemic potential attributed to
S. dysenteriae, as documented in Central America,
Asia, and Africa, in conjunction with notably high
death rates, warrants close attention to this
reemerging pathogen in Indonesia (13,15,16).
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Cryptosporidium parasites cause infection in
humans and other vertebrates. Two genotypes of
Cryptosporidium parvum are responsible for
most cases of human infection; the human
genotype (genotype 1 or anthroponotic genotype)
is found almost exclusively in humans, whereas
the bovine genotype (genotype 2 or zoonotic
genotype) is found in both ruminants and
humans (1-4). In addition to zoonotic and person-
to-person transmission, both genotypes of
C. parvum have caused waterborne and
foodborne outbreaks. Current genotyping tools
permit only differentiation of Cryptosporidium
parasites at the genotype level, which limits
ability to track infection and contamination
sources in outbreaks.

Two double-stranded (ds) extrachromosomal
viruslike RNAs have recently been identified in
C. parvum (5). Both ds-RNAs have been found in
all C. parvum oocysts examined. Sequence
analysis of both the small and large ds-RNAs
from seven C. parvum human genotype isolates
and five bovine genotype isolates showed distinct
ds-RNA sequences in isolates from the same
genotype (6), indicating that ds-RNA has
potential as a subgenotyping tool for Cryptospo-
ridium. We report sequence diversity in the small
ds-RNA of C. parvum human and bovine
genotype isolates and discuss the usefulness of
this technique for laboratory investigations and
for tracking the source of cryptosporidiosis
outbreaks.
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We sequenced a 173-nucleotide fragment of the small double-stranded viruslike
RNA of Cryptosporidium parvum isolates from 23 calves and 38 humans. Sequence
diversity was detected at 17 sites. Isolates from the same outbreak had identical double-
stranded RNA sequences, suggesting that this technique may be useful for tracking
Cryptosporidium infection sources.

The Study
We sequenced the small ds-RNA of 61

C. parvum isolates (23 isolates from cattle and 38
from humans) (Table). Eighteen of the 38 human
isolates were from two foodborne outbreaks
(Spokane, Washington, 1997; and Washington,
D.C., 1998) and one waterborne outbreak
(Minnesota, 1997) with well-defined infection
sources (7-9). These isolates had been genotyped
by polymerase chain reaction (PCR)-restriction
fragment length polymorphism analysis of the
SSU rRNA and TRAP-C2 genes (10,11). All
bovine isolates and the human isolates from the
Minnesota outbreak were of the C. parvum
bovine genotype, and the other human isolates
were of the C. parvum human genotype (Table).
Total nucleic acid was extracted from purified
oocysts or oocyst-containing fecal materials by
the phenol-chloroform method (11) and stored at
-20°C before molecular analysis.

A 173-nucleotide fragment of small ds-RNA
was amplified by reverse-transcription (RT)-PCR
with the GeneAmp RNA PCR Core kit (PE
Applied Biosystems, Foster City, CA), according
to the manufacturer’s protocol. Random primers
were used, and the nucleic acid was preheated at
65°C for 30 min. An aliquot (2 µL) of the RT
mixture was used for PCR. The primers used
were 5'-TGCAGTTTACTATCCAGTGG-3' and 5'-
GCAGAAGGGTTCTATGATTC-3', and the PCR
conditions were those described by Khramtsov et
al. (5). PCR products were sequenced on an ABI
377 Automated Sequencer (Perkin Elmer, Foster
City, CA). Sequence accuracy was confirmed by
two-directional sequencing and sequencing of a
second RT-PCR product. Nucleotide sequences
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Table. Cryptosporidium parvum isolates used in this study*
Isolate Host Source Genotype  ds-RNA sequence type
6 Calf Ohio, 1996a Bovine B
7 Calf Ohio, 1996 Bovine M
11 Calf Ohio, 1996 Bovine G
16 Calf Ohio, 1996 Bovine B
28 Calf Ohio, 1996 Bovine G
45 Calf Ohio, 1996 Bovine D
46 Calf Ohio, 1996 Bovine G
49 Calf Ohio, 1996 Bovine G
50 Calf Ohio, 1996 Bovine D
51 Calf Ohio, 1996 Bovine G
53 Calf Ohio, 1996 Bovine B
57 Calf Ohio, 1996 Bovine D
3 Calf Oklahoma, 1996 Bovine D
29 Calf Oklahoma, 1996 Bovine D
89 Calf Pennsylvania, 1997 Bovine D
21 Calf Idaho, 1996 Bovine F
37 Calf Utah, 1996 Bovine M
1346 Calf California, 1999 Bovine G
1347 Calf California, 1999 Bovine G
43 Human via calf Maryland, 1996b Bovine A
Beltsville Calf Maryland, 1996 Bovine H
AUCP Calf Alabama, 1996 Bovine A
KSU-1 Calf Kansas, 1996 Bovine A
1676 Human Peru, 1995c Human J
1677 Human Peru, 1996 Human J
1683 Human Peru, 1997 Human I
1684 Human Peru, 1997 Human I
1685 Human Peru, 1997 Human I
1902 Human Kenya, 1999d Human Q
1904 Human Kenya, 1999 Human Q
1905 Human Kenya, 1999 Human R
1911 Human Kenya, 1999 Human R
1927 Human Kenya, 1999 Human R
1935 Human Kenya, 1999 Human R
HGA5 Human Georgia, 1995 Human N
HNO3 Human New Orleans, 1997e Human N
HNO6 Human New Orleans, 1997 Human E
HNO23 Human New Orleans, 1998 Human P
HNO27 Human New Orleans, 1998 Human N
HNO30 Human New Orleans, 1998 Human N
HNO32 Human New Orleans, 1998 Human N
HNO35 Human New Orleans, 1998 Human O
HNO52 Human New Orleans, 1999 Human N
HMOB1 Human Minnesota outbreak, 1997 Bovine C
HMOB3 Human Minnesota outbreak, 1997 Bovine C
HMOB4 Human Minnesota outbreak, 1997 Bovine C
HMOB5 Human Minnesota outbreak, 1997 Bovine C
HWA1 Human Spokane outbreak, 1997 Human L
HWA3 Human Spokane outbreak, 1997 Human L
HWA4 Human Spokane outbreak, 1997 Human L
HWA5 Human Spokane outbreak, 1997 Human L
HWA6 Human Spokane outbreak, 1997 Human L
HDC1 Human Washington, DC, outbreak, 1998 Human K
HDC2 Human Washington, DC, outbreak, 1998 Human K
HDC6 Human Washington, DC, outbreak, 1998 Human K
HDC7 Human Washington, DC, outbreak, 1998 Human K
HDC14 Human Washington, DC, outbreak, 1998 Human K
HDC16 Human Washington, DC, outbreak, 1998 Human K
HDC23 Human Washington, DC, outbreak, 1998 Human K
HDC25 Human Washington, DC, outbreak, 1998 Human K
aThe Ohio bovine samples were collected from four dairy farms in central Ohio over a 12-month period.
bThe dates for laboratory isolates (Beltsville, KSU-1, and AUCP) were dates that oocyst passages were harvested for DNA extraction.
cPeruvian samples 1683, 1684, and 1685 were taken from the same patient on different days.
dKenyan samples were collected from patients visiting two hospitals in Nairobi.
eThe New Orleans samples were from HIV-positive patients.
ds = double-stranded
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from all isolates were aligned, and the
relationship between isolates was assessed by
unweighted pair group method with arithmetic
means, by using the Wisconsin Package Version
9.0 (Genetics Computer Group, Madison, WI).

Eighteen distinct nucleotide sequences were
obtained from the 61 isolates, dividing the 23
isolates of C. parvum bovine genotype into 8
subgenotypes (A,B,C,D,F,G,H, and M) and the 38
isolates of the human genotype into 10
subgenotypes (E,I,J,K,L,N,O,P,Q, and R).
Subgenotype A sequence was identical to that
obtained from the laboratory isolate KSU-1,
whereas others showed 1- to 13-nucleotide
differences from KSU-1 at 17 positions over the
173-nucleotide fragment of the small ds-RNA.
Isolates of the C. parvum bovine genotype
generally had more similarity in small ds-RNA

sequences to KSU-1 (subgenotype A) than those
of the C. parvum human genotype. However, no
nucleotide changes indicative of the genotypes
(bovine or human) were present in the 173-
nucleotide fragment (Figure 1).

Phylogenetic analysis was inconsistent in
separating isolates of the C. parvum bovine
genotype from those of the  human genotype
(Figure 2). However, isolates from the same
outbreak clustered together: all isolates from the
Washington, D.C., outbreak (subgenotype K); the
Spokane outbreak (subgenotype L); and the
Minnesota outbreak (subgenotype C) had
identical ds-RNA sequences (Table, Figure 2).
Similarly, a subgenotype (such as subgenotypes
B, N, and R) was sometimes present in several
isolates from the same geographic location. Some
subgenotypes (for example, D and G) had broad

Figure 1. Sequence diversity in the 173-nucleotide fragment of double-stranded RNA of Cryptosporidium parvum.
Dots denote nucleotides identical to the KSU-1 isolate of the C. parvum bovine genotype. Representative
sequences for each subgenotype were deposited in GenBank under accession numbers AF266262 to AF266277.
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geographic distribution, and isolates from a given
geographic area (such as those from calves in
Ohio and humans in New Orleans) frequently
had several subgenotypes.

Conclusions
Subgenotyping tools are needed for studies of

the molecular epidemiology of cryptosporidiosis.
Such tools would facilitate laboratory character-
ization of cryptosporidiosis outbreaks and
identification of contamination and infection
sources. Analysis of the variations in subgenotype
occurrence may also shed light on the transmis-
sion dynamics of Cryptosporidium parasites in
different geographic areas and epidemiologic
settings. The extensive intragenotypic heteroge-
neity in the small ds-RNA sequence exhibited by

isolates of the C. parvum bovine and human
genotypes indicates that ds-RNA has potential as
a high-resolution tool for subgenotyping
Cryptosporidium parasites.

Our analysis of outbreak specimens illus-
trates the potential utility of subgenotyping tools
for epidemiologic investigations. The waterborne
outbreak in Minnesota affected children who
played around a water fountain in a zoo (7). All
four isolates had the same subgenotype (C),
confirming that the children’s infections came
from the same source. In the foodborne outbreak
in Spokane, which affected attendees at a holiday
party (8), all five isolates analyzed had the
subgenotype L sequence of the C. parvum human
genotype, supporting the epidemiologic conclu-
sion of a single source. The outbreak in
Washington, D.C., was attributed to contamina-
tion of food by a food-handler who had
symptomatic cryptosporidiosis in the week before
the outbreak (9). As in the other outbreaks, all
eight isolates were of the subgenotype K of the
C. parvum human genotype, again confirming a
common source. Analysis of a sample (HDC14)
from the food-handler demonstrated a small ds-
RNA sequence identical to those from the
outbreak cases, providing further evidence that
the food-handler was the likely source of the
oocysts that caused the outbreak.

The presence of multiple subgenotypes at the
same geographic location, the wide distribution
of certain subgenotypes, and the apparent
geographic segregation of some subgenotypes
seen in this preliminary study highlight the
complexity of cryptosporidiosis epidemiology.
The two subgenotypes of C. parvum in Kenya
were quite divergent from isolates from other
areas, which suggests localized transmission
cycles. This hypothesis is further supported by
the predominance of one subgenotype (N) in New
Orleans AIDS patients. However, the presence of
four subgenotypes (B,D,G, and M) of the
C. parvum bovine genotype in calves in central
Ohio suggests that multiple C. parvum parasites
of the same genotype can circulate simulta-
neously in a region. Both phenomena may occur
in any given locality, leading to the pattern seen
in eight specimens from AIDS patients in New
Orleans, where five specimens were subgenotype
N and the other three specimens were of three
different subgenotypes. Analysis of more isolates
from diverse locations is needed for a firm
extrapolation of data.

Figure 2. Genetic relationships of various subgenotypes
of Cryptosporidium parvum human and bovine
genotypes inferred by the unweighted pair group
method with arithmetic means analysis of the small
double-stranded RNA.
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A disadvantage of the ds-RNA subgenotyping
tool is lack of specificity at the genotype level.
Perhaps as a result of the use of a short fragment
as the target, this technique does not distinguish
the two genotypes of C. parvum and must
therefore be used in combination with routine
genotyping tools. Initial attempts targeted longer
fragments of the large and small ds-RNAs.
However, the RT-PCR that targeted longer
fragments in amplifying samples of the C. parvum
human genotype was much less efficient,
probably because of sequence diversity at the
primer regions and lower efficiency of reverse
transcription of longer fragments. A recent
sequence analysis by Khramtsov et al. of five
isolates of the C. parvum bovine genotype and
seven isolates of the human genotype consis-
tently separated the two genotypes in both the
large and small ds-RNAs (6). It remains to be
determined whether these primers and others
can be developed for sensitive genotyping and
subgenotyping Cryptosporidium parasites.
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During April through July 1998, an outbreak
of hand, foot, and mouth disease occurred in
Taiwan; enterovirus 71 (EV71) was identified as
the main etiologic agent. The outbreak was
associated with an unusually high death rate in
young children. At least 55 fatal cases were
initially reported (1,2) in healthy children, who
had refractory shock after an acute prodromal
illness; many of them manifested neurologic
disorders during illness and died within 24 hours
of hospitalization (3). In many fatal cases, EV71
was indicated as the etiologic agent by  serologic,
virologic, and polymerase chain reaction tests
conducted on specimens from nonsterile sites,
such as throat swabs or stool specimens. While
these results may indicate a precedent EV71
infection in the fatal cases, they do not directly
implicate EV71 as the causative agent of
neurologic disorders and eventual death. In
contrast, histopathologic examination in con-
junction with special pathology techniques, such
as immunohistochemistry (IHC), in situ hybrid-
ization, and electron microscopy, can provide
unequivocal evidence linking a particular agent

to death. We report results of pathologic
examination of two fatal cases during this
outbreak.

The Study
The clinical and histopathologic features of

the first case were initially reported by Chang et
al. (4); the second case was in a patient admitted
to the same hospital with a similar clinical
course. Histopathologic features were similar in
both cases and showed severe and extensive
encephalomyelitis. An IHC technique using a
monoclonal mouse anti-EV71 antibody and an in
situ hybridization test using a digoxigenin-
labeled enterovirus probe were performed on
formalin–fixed, paraffin-embedded central ner-
vous system (CNS) tissues and major organs of
both patients. In the first case, positive staining
of enteroviral antigens and nucleic acids was
observed in neurons, neuronal processes, and
inflammatory foci at various CNS sites, including
the cerebral cortex, brain stem, and all levels of
spinal cord (Figure 1A, B). No immunostaining or
hybridization was present in lung, heart, liver,
spleen, or kidney. Electron microscopy evalua-
tion of spinal cord tissues showed a highly
vacuolated neuron containing scattered picor-
navirus-like particles and viral inclusions
(Figure 1C).
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The second case was negative for EV71 by
IHC, in situ hybridization, polymerase chain
reaction, and viral isolation. An IHC test using an
anti-Japanese encephalitis antibody showed
intense immunostaining of flaviviral antigens in
neurons, neuronal processes, and inflammatory
foci at various CNS sites (Figure 2A, B). No
immunostaining of flavivirus was present in
other major organs. Further study was conducted
by injecting neurologic tissue of the patient into
suckling mice. CNS material from an inoculated
mouse was passed onto Vero-E6 cells and
produced cytopathic effect. Electron microscopy
examination of mouse brain and infected cell
culture revealed flavivirus particles (Figure 2C),
and polymerase chain reaction with sequencing
confirmed the isolate as Japanese encephalitis
virus.

Conclusions
In addition to classic hand, foot, and mouth

disease, EV71 can cause severe CNS infections
with a high death rate (5). Two previous EV71
outbreaks were associated with neurologic
disorders and increased deaths; the first one
occurred in Bulgaria in 1975 (5) and the second in
Malaysia in 1997 (1,6). The neurologic disorders
and clinical courses of acute viral CNS infections
can be very similar regardless of causative
agents, and definitive diagnoses are sometimes
very difficult to establish without further

pathologic studies. A definitive laboratory and
pathologic diagnosis is crucial for implementing
effective measures to control an outbreak (7); the
Nipah virus encephalitis outbreak in Malaysia
(8,9) and the West Nile encephalitis outbreak in
New York City (10,11) lend additional support to
this statement.

Our report illustrates how two different
etiologic agents can cause similar diseases
during an outbreak and emphasizes the need for
postmortem examination.

Dr. Shieh is a staff pathologist, Division of Viral and
Rickettsial Diseases, Centers for Disease Control and
Prevention.  His research interests include infectious dis-
ease pathology, pathology and pathogenesis of viral en-
cephalitides, molecular epidemiology, and infectious dis-
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Neocosmospora vasinfecta, a common plant
pathogen in tropical and subtropical areas (1), is
little known as a pathogen in humans. We report
a case of fatal systemic N. vasinfecta infection in
an African patient with leukemia. This is the
third reported case of a human infection with this
organism and the first case in which the infection
was disseminated.

The Case Study
A 38-year-old man was admitted to the

University Hospital of Cologne, Germany, with a
4-week history of fatigue, vertigo, and bone pain.
He had been living in Germany for 15 years and
had returned from a holiday in Nigeria 2 weeks
before admission. Past medical history included
hepatitis C and malaria.

A bone marrow aspirate showed a predomi-
nance of atypical promyelocytes, suggesting
acute nonlymphocytic leukemia FAB M3. The
patient was treated with high-dose all-trans-
retinoic acid for 14 days, followed by a first
induction chemotherapy regimen consisting of
cytarabine, daunorubicine, and thioguanine.
Prophylactic treatment with fluconazole (400 mg/d)
and trimethoprim-sulfamethoxazole (960 mg/d)
was started because severe granulocytopenia,
defined as an absolute neutrophil count below
100/µL of up to 4 weeks’ duration, was anticipated.

Pain projecting to the lateral side of both feet
developed on day 12 of chemotherapy, when the
patient’s absolute neutrophil count had fallen
below 100/µL. His feet were swollen and
hyperthermic. Arthritis and deep vein thrombo-
sis were ruled out. Pain resolved under
symptomatic treatment with acetaminophen. On
day 16 of induction therapy, bone marrow
examination yielded persistence of blast cells.
Therefore, a second induction chemotherapy was
administered, despite ongoing granulocytopenia.
The regimen comprised high-dose cytarabine and
mitoxantrone. On day 16 after the onset of
granulocytopenia, fever developed. Results of a
chest X-ray and a high-resolution computerized
tomography scan were unremarkable. Broad-
spectrum antibiotic treatment was started, but
the fever persisted. Several chest X-rays were
nondiagnostic; however, after 24 days of
granulocytopenia, another computerized tomog-
raphy scan revealed interstitial and patchy lung
infiltrates. Because of persistent fever and newly
developing lung infiltrates under broad-spec-
trum antibiotic therapy, invasive fungal infection
was suspected, and conventional amphotericin B
was administered (1 mg/kg/d). After 1 week of
antifungal therapy, the patient reported bilateral
pleuritic chest pain. Because the patient’s condition
was deteriorating, antifungal therapy was
altered to 2 mg/kg/day liposomal amphotericin B,
but pulmonary infiltrates persisted. Granulocy-
topenia resolved after 34 days, and a bone
marrow aspirate showed complete remission of
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leukemia. On the same day, an abdominal
ultrasound exam revealed hepatosplenomegaly
and hypodensic lesions in the liver, suggesting
possible hepatosplenic involvement of fungal
disease. A lateral purulent ulcerous lesion of the
right foot developed, accompanied by worsening
pain and swelling. Swab cultures revealed a mold
that was not initially identified. Subsequently,
the same mold was isolated from sputum
samples, transtracheal aspirates, a second
biopsy of the foot lesion (Figure 1), and blood
cultures. The patient’s condition deteriorated
rapidly; cholestasis and septic shock developed,
and mechanical ventilation and high doses of
vasopressors were required. Fifteen days after
resolution of neutropenia and while undergoing
antimycotic treatment, the patient died of
multiorgan failure caused by systemic fungal
infection. Consent was not given for autopsy.

Samples were cultivated on Sabouraud agar
at 30°C and 37°C in ambient air. Subcultures
were prepared on malt yeast agar, oatmeal agar,
and potato dextrose agar. The fast-growing,
white-to-pale-buff colonies developed at 26°C and
37°C without special requirements.

The micromorphologic features of the mold,
cultured 3 to 4 days only, resembled a Fusarium
or Acremonium species (Figure 2a). Supported by
subculturing on oatmeal agar with Lupinus sp.,
orange-brown to copper-colored fruiting bodies
developed until day 8 (Figure 2b); after 14 days of
incubation, these bodies were identified as
perithecial ascomata (diameter 200 µm-300 µm).

They contained hyaline cylindrical asci, 9 x 80-
90  µm, with 8 ascospores each (Figure 2c); the
latter were globose to ellipsoidal, pale brown,
rough walled with age, and 8-9 x 10  µm. The
isolate was subsequently identified at the
Centraalbureau voor Schimmelcultures, Baarn,
Netherlands, as a small-spored N. vasinfecta E.F.
Smith var. vasinfecta and was deposited under
the collection number CBS 101957.

Sequence analysis of the internal transcribed
spacer (ITS) region inside the nuclear rDNA was
performed. DNA was extracted by sonication in
CTAB buffer (cetyl trimethyl ammonium bro-
mide) (2) and amplified with the primer pair
ITS5/ITS4. The polymerase chain reaction

Figure 2. A) Neocosmospora vasinfecta after 4 days’
subculture on Sabouraud agar (lactophenol cotton blue
stain, x400). B) N. vasinfecta perithecial ascomata after 4
weeks on oatmeal agar with lupine stem (x160). C) Asci
with ascospores of N. vasinfecta (x400).

Figure 1. Biopsy of foot lesion: area of extended dermal
necrosis with inflammatory infiltration. In the center,
PAS-(periodic acid-Schiff stain)positive septate hy-
phae branching at an acute angle (x400).

A

B

C



151Vol. 7, No. 1, January–February 2001 Emerging Infectious Diseases

Dispatches

product was purified from agarose gel by using
the Gel Extraction Kit (Qiagen GmbH, Hilden,
Germany) and directly sequenced with the primers
ITS2, ITS3, ITS4, and ITS5 (3). DNA sequencing
was performed by the dideoxynucleotide termi-
nation method, using the dye deoxy terminator
chemistry and the ABI 377 automated sequencer
(PE Applied Biosystems, Foster City, CA). The
results were compared with the published ITS
sequence, GenBank accession no. L36627.

When we compared our results to the
published 544-bp ITS sequence, we found
differences in three positions: T to C exchange at
nucleotide position 72, C to T exchange at
position 102, and an insertion of a seventh
C between positions 381 and 388.

The MICs of amphotericin B and 5-
flucytosine were determined by the ATB Fungus
kit (Biomérieux SA, Marcy l’Étoile, France).
Susceptibility testing to fluconazole, itraconazole,
terbinafine, and voriconazole (Pfizer Inc., New
York, NY) was performed by using a casitone-
based microdilution system (4). The MIC for
itraconazole was simultaneously determined
according to the National Committee for Clinical
Laboratory Standards (NCCLS) M27-A protocol
(5). The inoculum had a final amount of 1x104

conidia per microliter. Incubation time at 35°C
was 44 hours for amphotericin B and 5-flucytosine
and 30 hours for the other antifungals.

MICs were as follows: amphotericin B > 8 µg/
mL-1, 5-flucytosine >128 µg/mL-1, fluconazole
>128 µg/mL-1, itraconazole >2 µg/mL-1 versus >8
µg/mL-1 (according to NCCLS), voriconazole 1 µg/
mL-1 , and terbinafine 0.125 µg/mL-1.

Conclusions
In the early days of incubation, the

micromorphologic features of N. vasinfecta
isolates may be misleading, suggesting Fusarium
or Acremonium species (1), which could lead to an
inadequate therapeutic regimen because of the
different amphotericin B susceptibility of these
genera. While high-dose amphotericin B intrave-
nously is the first-line therapy in systemic
fusarioses, polyene antimycotics are probably
not beneficial against infections caused by
N. vasinfecta, as demonstrated in our patient and
in a recently reported immunocompetent patient
with posttraumatic N. vasinfecta infection (6).

Our patient died of disseminated infection by
N. vasinfecta despite high-dose antimycotic

therapy with amphotericin B and remission of
the underlying hematologic malignancy. The in
vitro susceptibility test results confirmed the
resistance of the isolate against amphotericin B
and fluconazole and nearly all of the few other
antifungal agents available for systemic therapy.
Not enough data on terbinafine are available to
allow valid interpretation. In comparison to the
MICs of voriconazole against other filamentous
fungi such as Aspergillus fumigatus (7), the
susceptibility for voriconazole in our isolate
might not have been sufficient for adequate
antifungal treatment.

Neither the mechanism of infection nor the
incubation period could be determined. Our
patient did not remember any injury, so infection
most likely occurred through minimal trauma.
Although he might have been infected during his
recent stay in Nigeria, infection might have
occurred in Africa considerably longer ago: The
latency period for N. vasinfecta can be several
years between infection and the symptomatic
stage (8). The infection might never have been
detected had the patient remained immunocom-
petent. Once the infection became systemic, it
was likely incurable.

The two previously reported patients (6,8,9),
both from Senegal, had been cured by a radical
surgical intervention that prevented dissemina-
tion of disease, limiting it to the lower
extremities. Because of the poor susceptibility of
the fungus, complete surgical excision prompted
by early diagnosis is the only means to influence
the clinical outcome. Currently, no medical
treatment option exists for a patient with
systemic disease caused by N. vasinfecta.

Imported mycoses should be taken into
consideration in patients who have traveled or
lived abroad, especially former residents of
tropical and subtropical countries, even years
after their stay abroad. Recent epidemiologic
data on plants suggest that persons working in
cotton production might also be at risk (10).

This is the first case of disseminated
N. vasinfecta infection. Physicians may consider
this infection as a new differential diagnosis of
purulent subcutaneous leg lesions in the severely
immunocompromised host.
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Adventitious Viral Genomes
in Vaccines but Not in Vaccinees

It is a pleasant change to write about
viruses that might have emerged but haven’t.
In this issue, Hussain and colleagues at the
Centers for Disease Control and Prevention, the
U.S. Department of Agriculture, and Harvard
University report that recipients of measles,
mumps, and rubella (MMR) vaccine show no
evidence of infection by endogenous avian
retroviruses, even though viral genomes and
reverse transcriptase activity have been de-
tected in vaccine preparations. Influenza,
yellow fever, and MMR vaccines are usually
prepared in embryonated eggs or in cultures of
chick embryo fibroblasts (CEF). These fibro-
blasts contain and express endogenous
retroviral genomes (1). In any vaccine, adventi-
tious agents in the cellular substrate may
contaminate the biological product. In live,
attenuated vaccines, such contaminants are not
inactivated, and endogenous retroviruses by
their very nature as Mendelian transmitted
genomes are particularly difficult to eliminate.
Endogenous retrovirus release also has ramifi-
cations for pharmaceutical proteins made in cell
substrates (e.g., monoclonal antibodies) and for
xenotransplantation (2,3).

Some 45 years ago, it was found that
apparently healthy hens could transmit avian
leukosis virus (ALV) vertically in eggs (4); later
it was demonstrated that live virus vaccines
made in CEF were contaminated with infec-
tious ALV (5). However, no increased risk for
cancer was found in yellow fever vaccinees with
the longest presumed exposure to ALV (6).
Nevertheless, vaccine manufacturers were soon
required to use eggs or CEF from leukosis-free
flocks. To screen for ALV infection, a comple-
ment fixation for ALV (COFAL) antigen test
was devised, and through pioneering work in
the 1960s, the existence of endogenous
retroviruses came to light because many ALV-
free birds were COFAL positive (7-9).

As a graduate student at the time, I ob-
served that CEF of COFAL-positive embryos
complemented envelope-defective Rous sarcoma
virus, yielding pseudotype viruses with xenotro-
pic properties. The endogenous virus was
genetically transmitted in chickens but was
infectious for other hosts such as quail and
pheasant. Many copies of partial or complete

ALV genomes were located in chicken DNA (1).
We showed that ALV had colonized the host
germ line of red jungle fowl before domestica-
tion to become chickens but after divergence of
the genus Gallus into distinct species. Even so,
it proved possible in the 1970s to breed white
leghorns free of endogenous ALV genomes; such
chickens are now being introduced by Merck as
preferred substrates for vaccine production.

A second class of endogenous avian
retroviral genome (EAV), discovered in 1985
(10), is present in all breeds of chicken and
cannot be eliminated. EAV can release nonin-
fectious virus particles containing active re-
verse transcriptase; and this is the genome
most commonly found in MMR and other
vaccines (Hussain et al., this issue; 11). The
major retroviral pathogen of meat-strain
chickens is an infectious recombinant between
ALV gag and pol genes and an env gene related
to EAV (12). This virus has not been observed
to infect human cells.

May we assume, therefore, that chicken cell
substrate vaccines are safe? With biological
products, as with crossing the street, there is no
such thing as absolute safety. The paper by
Hussain et al. is reassuring, and I agree with
the authors that no change in current U.S.
policies (or WHO policies, for that matter) is
warranted, and the public should continue to
enjoy the benefit of the vaccine. However, it
may be useful to probe the possibility of interac-
tion between endogenous avian viruses and the
infectious components of MMR. We showed that
vesicular stomatitis virus (VSV) could assemble
its glycoprotein G on avian retrovirus virions
and vice versa (13). Indeed, VSV G protein has
become an envelope of choice for retroviral
vectors developed for gene therapy. By analogy,
the assembly of the hemagglutinin and fusion
glycoproteins of measles or mumps viruses
might confer a human host range on
endogenous ALV or EAV particles. The
possible generation of such pseudotypes or
phenotypically mixed virions in vaccines may
be worthy of investigation.

In addition, with ultrasensitive techniques,
such as polymerase chain reaction (PCR) gene
amplification, we can detect viral genomes and
reverse transcriptase activity more readily in
vaccine preparations. Virtually all vertebrates
studied, including humans, carry endogenous
retroviral genomes as part of their natural
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genetic constitution (1,14). Therefore, almost
any cell substrate for vaccine production (avian,
rodent, or primate) is likely to contain and
express (at low level) endogenous retroviral
genomes.

Vaccine contamination by adventitious
viruses in the cellular substrate has, of course,
occurred before. In one instance, the discovery
of SV40 in rhesus macaque kidney cultures (15)
soon led to the adoption of cynomolgus macaque
and later African green monkey (AGM) kidneys
as the preferred substrate for polio vaccines.
That was, perhaps, a near escape as AGMs are
now known to frequently harbor a strain of
simian immunodeficiency virus (SIV) that
luckily does not appear to infect humans.
Following the potential exposure of millions of
polio vaccinees to SV40, no evidence was found
of increased cancer incidence (16). More re-
cently, it has been reported that SV40 is
present in some human cancers (17). Cases
include pediatric tumors in patients born long
after SV40 was eliminated from polio vaccines.

Ironically, it was the misguided attention of
regulatory groups on hypothetical oncogenic
DNA that led to vaccine contamination by
adventitious oncogenic viruses in the first place.
Fear of oncogenic DNA made tumor cell lines
taboo as cellular substrates for vaccine produc-
tion. Despite all we have learned about
oncogenes and tumor suppressor genes in
multistep progression to cancer, the possible
trace of “oncogenic” DNA in vaccines prepared
in established cell lines remained of greater
concern to regulators than adventitious infec-
tions in primary cells. It is high time to reevalu-
ate the relative risks, so it is heartening that
the Food and Drug Administration held a
workshop last year to begin that process.

Robin A. Weiss
University College London, London, UK
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Strengthening National Preparedness
for Smallpox: An Update

Concern that smallpox virus may be used as
a biological weapon of mass destruction has
prompted calls for production of additional
vaccine and new research into variola virus
diagnostics and clinical interventions. Only 15.4
million doses of smallpox vaccine, produced
approximately 20 years ago, exist in the United
States (1). While virtually all lots remain
potent, additional vaccine would clearly be
needed in a national emergency involving
smallpox virus. Global eradication of natural
smallpox disease was declared in 1980; with
eradication, most research activities involving
the virus ended. Although the complete ge-
nomic sequence of selected isolates of variola
virus is known (2), the diagnosis and treatment
of smallpox infection have not changed in the
past two decades. Recognizing the need for
advancement in these areas before variola virus
stocks are destroyed, the World Health Organi-
zation (WHO) passed a resolution (WHA 52.10)
in 1999 extending the date of destruction of all
remaining variola virus stocks until the end of
2002. The midpoint of this period is an appro-
priate time to review progress made in vaccine
production and variola virus research and to
outline the next steps.

Vaccine Production
On September 20, 2000, the Centers for

Disease Control and Prevention (CDC) entered
into an agreement with OraVax (Cambridge,
MA) to produce a new smallpox vaccine. Like
the vaccine used to eradicate smallpox, the new
vaccine will contain live vaccinia virus; how-
ever, it will be produced in cell cultures by
modern vaccine production techniques. OraVax
will coordinate full clinical testing of the vac-
cine and submit a licensing application to the
U.S. Food and Drug Administration (FDA) for
the prevention of smallpox in adults and chil-
dren. Forty million doses of the new vaccine
will be produced initially, with anticipated
delivery of the first full-scale production lots in
2004. The agreement calls for sustained annual
production through 2020 to replace outdated
vaccine and allows for increased production
should an emergency arise. The vaccine will be
administered with bifurcated needles (also
produced by OraVax), which create a localized

vaccine “pock” and confer protective immunity.
The vaccine will be held in reserve as part of
the national stockpile and be released only in
the event of a confirmed case of smallpox or
when vaccination against vaccinia virus is
warranted. The agreement allows OraVax to
produce additional vaccine for other markets,
including international buyers.

Variola Virus Research
A research plan, implemented at CDC by

scientists from both the Department of Defense
and CDC and including extensive collaborations
with scientists from the National Institutes of
Health and other organizations, is being under-
taken with WHO concurrence. All work with
live variola virus is done under biosafety level 4
containment conditions at CDC. Smallpox virus
is officially retained at only two facilities in the
world: at CDC in the United States and the
State Research Center of Virology and Biotech-
nology in Novosibirsk, Russia. Research teams
from both institutions are coordinating activi-
ties to avoid duplication and gain the maximum
amount of information possible before final
destruction of the virus.

Strain Evaluation
Of 461 isolates in the smallpox virus collec-

tion at CDC, 49 were selected for further
characterization. These isolates, which included
both variola major and variola minor, were
selected to represent the greatest diversity in
date of collection and geographic region. Of the
49 isolates tested for viability, 45 were success-
fully recovered, and seed stocks were prepared
for subsequent studies. This group of 45 repre-
sented isolates from as early as 1939 and as
late as the 1970s; all major geographic regions
were represented. Study of these isolates is
based on three research themes: application of
modern serologic and genomic methods in the
diagnosis of variola virus disease; determina-
tion of candidate antiviral drug activity against
this virus; and investigation of the pathogenesis
of smallpox infection, especially through the
development of a nonhuman primate model to
replicate human smallpox infection. The re-
search team carefully outlined all experimental
work to be undertaken with variola virus,
incorporating suggestions from a peer group of
highly qualified external experts from academia
and industry; the first set of experiments was
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conducted from January to July 2000 in the
CDC maximum containment laboratory.

Serologic Assays
Because enzyme immunoassay technology

was still in its infancy when smallpox was
eradicated, during the first series of experi-
ments, polyclonal and monoclonal antibodies
had to be produced for developing enzyme-
linked immunosorbent assays to measure
variola virus-specific immunoglobulin (Ig) M,
IgG, and antigen. These reagents are now being
evaluated by prototype assays with inactivated
viral antigens. This work will continue for the
foreseeable future.

Nucleic Acid-Based Diagnostics
Viral DNA was extracted from all 45 suc-

cessfully recovered isolates, was purified and
inactivated, and is now being examined by
restriction fragment-length polymorphism
developed by an extended polymerase chain
reaction assay that amplifies viral genome into
20 overlapping products of approximately 10
kilobases each. These products cover virtually
the entire length of the viral genome and
include sequences in essential genes and genes
likely needed for pathogenesis. Preliminary
results indicate that the data thus generated
offer a good low-resolution overview of genetic
diversity of variola viruses and are being used
to differentiate strains, infer phylogeny, and
identify as many as 10 additional variola
isolates for complete genome sequencing. Two
isolates, Somalia 77 and Congo 70, were specifi-
cally suggested by WHO for sequencing, and
this work has begun. A dedicated sequence and
bioinformatics facility being developed at CDC
will be used to undertake this effort and to
begin constructing a genomic signature data-
base, not only for smallpox but also, over time,
for other pathogens with bioterrorism potential.

Antiviral Drugs
Two hundred seventy-four antiviral drug

compounds were screened for activity and
therapeutic indices against variola, monkeypox,
cowpox, camelpox, and vaccinia viruses by two
cell culture assays. Many of these compounds
were provided for testing under collaborative
arrangements facilitated by an orthopox antivi-
ral research initiative of the National Institute
of Allergy and Infectious Diseases. Previous

studies identified a nucleoside phosphonate
DNA polymerase inhibitor, cidofovir (Vistide),
as being active against poxviruses, including
variola. In the current trial, cidofovir and its
prodrug (cyclic HPMPC) were evaluated against
31 strains of variola, which were selected to
cover a wide geographic area and time span. No
substantial differences in inhibition among
strains were observed, which suggests that
cidofovir-resistant strains are unlikely. The in
vitro inhibition was further characterized in
multiple cell lines to meet FDA requirements.
However, another class of antiviral drugs, the
S-adenosylhomocysteine hydrolase inhibitors,
showed considerable variation in the 50%
inhibitory dose between variola isolates; this
effect should be investigated further.

Two approaches to the development of an
oral prodrug of cidofovir yielded compounds
with improved antiviral activity. In addition,
the current series of experiments identified 27
other compounds, including completely new
classes of drugs, that appear to be active
against variola and other orthopoxviruses. In
fact, 10 compounds had therapeutic indices
greater than 200, while cidofovir had indices
greater than 10; 3 compounds had therapeutic
indices greater than 1,500. When work resumes
in early 2001 with live variola virus, we will
continue to evaluate these and additional
compounds for activity, including analogs
designed for oral administration. The most
promising compounds emerging from this in
vitro testing will be evaluated in animal mod-
els, e.g., cowpox and vaccinia in mice and
eventually monkeypox virus challenge in
nonhuman primates. All promising compounds
will be tested against a battery of surrogate
orthopox viruses to guide evaluation of new
antiviral compounds after variola virus is no
longer available.

Animal Models
A major goal of the current research is to

define an animal model that faithfully repli-
cates human smallpox. Such a model would be
extremely valuable in evaluating candidate
antiviral drugs and novel diagnostic assays and
in defining the pathogenesis of smallpox.
Consequently, two groups of four cynomolgus
macaques were exposed to two variola virus
strains at a high dose (>108 PFU) by the aerosol
route. Clear evidence of infection was found; the
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animals had transient fevers, perturbations in
cytokine titers in serum, and mild exanthemous
lesions. A few of the monkeys showed signs of
bronchopneumonia, but none died or had
disease similar to the classic smallpox seen in
humans. Another series of experiments will be
undertaken with different variola isolates to
confirm these preliminary observations and
generate additional clinical material to validate
the diagnostic assays under development.

The results of the research now under way,
coupled with the promise of renewed production
of smallpox vaccine, will better prepare the
United States—and indeed the entire world—
for the possibility that smallpox virus might be
used as a terrorist weapon of mass destruction.

James W. LeDuc* and Peter B. Jahrling†
*Centers for Disease Control and Prevention,

Atlanta, Georgia, USA; †United States Army Medical
Research Institute of Infectious Diseases, Fort

Detrick, Frederick, Maryland, USA
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High-Level Ciprofloxacin Resistance
in Neisseria gonorrhoeae:
First Report from Israel

To the Editor: We report a case of male gonococ-
cal urethritis that persisted despite
ciprofloxacin therapy. The isolate was found to
be highly resistant (MIC 32 µg/mL).

A 30-year-old man visited his family physi-
cian with a 2-day history of urethral discharge
and dysuria. The symptoms began 7 days after
a single, unprotected orogenital contact with a
female hitchhiker. The patient denied exchange
of money for the act and reported no other
recent sex partners or travel outside Israel.
After a urethral swab was obtained for culture,
the patient received a single dose of
ciprofloxacin (500 mg orally). Growth of Neis-
seria gonorrhoeae was subsequently reported.
However, symptoms persisted, and a regimen of
doxycycline (100 mg orally twice a day for 10
days) was initiated. After temporary clinical
improvement, the patient returned with wors-
ening symptoms: bloody urethral discharge,
severe dysuria, edema of the penis, and painful
erection. N. gonorrhoeae was reisolated from a
repeat urethral swab. When a single dose of
ceftriaxone (250 mg) was administered intra-
muscularly, clinical cure was prompt.

Susceptibility testing was performed on the
second isolate by using the E-test method (AB
Biodisk, Solna, Sweden) on a medium contain-
ing GC agar base and 1% defined growth
supplement. The MIC of ciprofloxacin was
32 µg/mL, penicillin 1.5 µg/mL, tetracycline
2 µg/mL, and ceftriaxone 0.016 µg/mL. The
isolate did not produce beta-lactamase. It was
classified as a CMRNGPT phenotype
(N. gonorrhoeae with chronomosomally
mediated resistance to both penicillin and
tetracycline).

Gonorrhea was considered a rare disease in
Israel in the 1990s: the average annual inci-
dence was 0.89 reported cases per 100,000
population (1). Most laboratories did not carry
appropriate media, and susceptibility testing of
N. gonorrhoeae was not performed routinely.
Quinolones and spectinomycin are the antibiot-
ics most commonly used to treat the infection.
Nevertheless, we are not aware of any instance
of clinical failure following fluoroquinolone

therapy. More recently, however, the incidence
of gonorrhea has been increasing (2). In re-
sponse, a surveillance program for monitoring
antimicrobial resistance in N. gonorrhoeae has
been launched.

Fluoroquinolones and cephalosporins
became the recommended drugs for treatment
of gonococcal infection after penicillin- and
tetracycline-resistant N. gonorrhoeae appeared
(3). Gonococcal strains with reduced in vitro
susceptibility to fluoroquinolones (MIC,
0.125 µg/mL to 0.5 µg/mL) were first described
in the mid-1980s (4) and are now occurring
worldwide (5).

Fluoroquinolone-resistant N. gonorrhoeae
(ciprofloxacin MIC  >1.0 µg/mL) emerged
during the 1990s and became well established
in several Asian countries (6). In Japan, the
rate of ciprofloxacin resistance increased from
6.6% in 1993-1994 to 24.4% in 1997-1998 (7).
More recently, high-level resistance to
ciprofloxacin and reports of treatment failure
have appeared (8). Strains with ciprofloxacin
MICs of  >8.0 µg/mL were first isolated in 1994
(6) and are detected mostly in the Far East.
Two cases of gonococcal infection by strains
with an MIC of 16  µg/mL were recently re-
ported in the United States (9). Gonococcal
resistance to fluoroquinolones is associated
with mutations in the genes encoding DNA
gyrase (gyrA) and topoisomerase (parC) as well
as change in porin permeability and reduced
intracellular drug accumulation (6). In view of
the increasing resistance to fluoroquinolones,
ceftriaxone, cefixime, or spectinomycin is now
recommended if an infection was acquired in
Asia or other areas with known fluoroquinolone
resistance (9).

Our patient reported no travel to the Far
East, and his sex partner, who could not be
located for follow-up, was not Asian; her travel
history was unknown. The mode of transmis-
sion of this infection was fellatio. Condoms are
often not used in this form of intercourse, even
by those who regularly use condoms for genito-
genital sex, because of the mistaken belief that
infection is not spread through this form of
intercourse. It is now well established that oral
sex plays an important role in HIV transmis-
sion (10), and condoms should be used with any
form of intimate sexual contact.
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An Unusual Bacterium
Causing a Brain Abscess

To the Editor: Intracranial abscesses are an
important cause of illness and death in a
neurologic/neurosurgical unit. Early presump-
tive clinical diagnosis supported by radiologic
evidence (computerized axial tomography [CAT]
scan and magnetic resonance imaging) is the
mainstay of diagnosis (1). Abscess contents are
aspirated under stereotaxic guidance and
cultured to isolate causative organisms and

determine their antibiotic sensitivities. Organ-
isms isolated from brain abscesses are usually
streptococci, anaerobic and facultative gram-
negative bacilli, staphylococci, or pseudomonads
(2).

A 24-year-old male farmer came to us with
progressive headache, dizziness, and a low-
grade fever of 2 weeks’ duration. He had had a
pimple on his right cheek approximately 3
weeks before, which had discharged “bluish”
pus on forcible evacuation and subsequently
healed without treatment. No focal neurologic
signs were detected on physical examination.
Because an intracranial space-occupying lesion
was suspected, a lumbar puncture was with-
held. Later, a CAT scan of the patient’s head
revealed a right-sided temporoparietal space-
occupying lesion approximately 3 cm in diam-
eter, suggestive of a unilocular brain abscess.
The abscess was needle aspirated under stereo-
taxic guidance, and the pus was cultured
aerobically and anaerobically. After 24 hours of
aerobic incubation on MacConkey agar at 37°C,
a pure growth of violet-colored colonies appeared,
identified as Chromobacterium violaceum by
the 20E API system (Biomerieux, France).

Other initial laboratory findings were as
follows: blood leukocyte count, 16,200 cells/µL
(84% neutrophils, 15% lymphocytes, 1% eosino-
phils); erythrocyte sedimentation rate
(Westergren method), 22 mm/hour; C-reactive
protein concentration, 96 mg/L; and fasting
blood sugar concentration, 5.1 mmol/L. Blood
urea and C-reactive protein concentrations
after 3 weeks of antibiotic treatment were 4.6
mmol/L and <6 mg/L, respectively.

The organism was sensitive to imipenem
and ciprofloxacin and resistant to cefotaxime
and ceftriaxone, by the Stokes comparative
disk-diffusion antibiotic sensitivity testing
method (3). Ciprofloxacin (as lactate) was
administered intravenously, 400 mg twice a
day, for 4 weeks. Repeated CAT scans, clinical
symptoms, and serial C-reactive protein levels
indicated rapid regression of the abscess
followed by complete cure.

C. violaceum is a gram-negative bacillus
present in soil and aquatic environments of
tropical and subtropical countries or regions
such as Trinidad, Guyana, India, Malaysia,
Florida, and South Carolina. It is a bacterium of
low virulence, occasionally causing skin
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infections and disseminated disease involving
multiple organs in immunocompromised
patients. In such cases the disease can mimic
septicemic melioidosis (4,5).

In this previously healthy patient, infection
probably originated from the facial abscess. The
patient was negative for HIV antibody
(Serodia), had no history of diabetes mellitus or
other compromising illnesses, and had no
evidence of immunodeficiency. In a previous
case of disseminated C. violaceum infection in a
young patient, postmortem findings revealed
numerous cortical infarcts and hemorrhages (6).
Our isolate from a brain abscess is yet another
case of a relatively avirulent saprophytic
microorganism resulting in a deep-seated
infection in a well-nourished, previously
healthy person.

Dhammika Nanda Atapattu,*
Dhammika Priyal Jayawickrama,*† and
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First Glycopeptide-Resistant
Enterococcus faecium Isolate from
Blood Culture in Ankara, Turkey

To the Editor: Glycopeptide-resistant entero-
cocci infections are a major problem in hospi-
tals. Infection or colonization by vancomycin-
resistant enterococci was first reported in
France (1) and the United Kingdom (2); since
then, these organisms have been reported

throughout the world. In Turkey, vancomycin
and teicoplanin have been used to treat serious
methicillin-resistant Staphylococcus aureus and
ampicillin-resistant enterococci infections.

We describe the case of an acute myelocytic
leukemia patient with vancomycin-resistant
enterococci bloodstream infection. This is the
first glycopeptide-resistant Enterococcus
faecium isolate from our hospital and from
Ankara, Turkey. The patient had not been
cared for at another institution.

A 68-year-old man, hospitalized with acute
myelocytic leukemia, had fever episodes during
the neutropenia following three courses of
remission-induction chemotherapy
(daunorubicin+cytosine arabinoside). A combi-
nation of antibiotics including vancomycin,
ceftazidime (sometimes imipenem), and
amikacin was administered with different
regimens during the 5 months of hospitaliza-
tion. Blood, urine, and rectal swab cultures
during this period were positive for different
Enterobacteriaceae spp. but always negative for
vancomycin-resistant enterococci. For long-term
hospitalizations, our center routinely performs
surveillance rectal swab cultures. At the end of
month 5, E. faecium was isolated from the blood
cultures, just 1 day before the patient’s death.

The strain was identified by conventional
methods, commercial automatic systems (API
Strep-Biomerièux, France), and polymerase
chain reaction. Susceptibility patterns showed
that the isolate was resistant to all antibiotics
except ciprofloxacin and levofloxacin. When the
E-test was used, MIC levels for vancomycin,
teicoplanin, ciprofloxacin, and levofloxacin were
256 µg/mL, 64 µg/mL, 0.75 µg/mL, and 1.5 µg/
mL, respectively. VAN-A1 and Van-A2 type
resistance genes were detected by polymerase
chain reaction. Hacettepe University microbiol-
ogy laboratories confirmed these results (3,4).

After this strain was isolated, 1,266 stool
and 176 rectal swab samples were taken from
hospital personnel in three sessions >1 week
apart, and patients were tested for vancomycin-
resistant enterococci. Swab cultures from all
environmental surfaces (bed rails, bedside
commodes, carts, charts, doorknobs, faucet
handles) were also examined. We injected all
samples with 5% sheep blood agar with vanco-
mycin (6 mg/L); vancomycin-resistant E. faecium
was not identified in any sample.
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This was the first case of high-level vanco-
mycin-resistant enterococci with a class A
phenotype isolated from a person in our hospi-
tal or in Ankara, Turkey. To prevent the
organism’s spread, we implemented the recom-
mendations of the Hospital Infection Control
Practices Advisory Committee (5).
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Antimicrobial-Drug Use
and Methicillin-Resistant
Staphylococcus aureus

To the Editor: We read with great interest the
debate on the contribution of antimicrobial
selection pressure to changes in resistance in
Salmonella enterica serovar Typhimurium and
the comparison made with methicillin-resistant
Staphylococcus aureus (MRSA) (1).

We strongly agree with Davis et al. that
infection control practices must play a central
role in successful MRSA control programs.
However, we disagree that the antimicrobial-
drug use practices that contribute to the control
of MRSA have not been scientifically defined. In
a recent review, we identified more than 20
studies on consistent associations, dose-effect
relationships, and concomitant variations, all
supporting a causal relationship between
antimicrobial-drug use and MRSA (2).

Since our review, seven other studies
have reported on the contribution of
antimicrobial-drug use to MRSA colonization
and infection in patients, or to high MRSA rates
in health-care settings (3-9). One study reports
a decrease in the rate of new MRSA cases after
major reduction in antimicrobial-drug use (5).
Although a lower number of discharges and a
shorter hospital stay recorded during the 2-year
postintervention period have been proposed as
other explanations (10), the sharp decrease in
new MRSA cases after the new antibiotic
formulary was implemented (a delay of only a
few months) supports the hypothesis that
reduced antimicrobial pressure contributed to the
decline. Additionally, at the recent 4th Decen-
nial International Conference on Nosocomial
and Healthcare-Associated Infections, at least
five reports addressed either (a) antimicrobial-
drug use and increased MRSA incidence or (b)
antimicrobial-drug use as an independent risk
factor for MRSA acquisition or for persistent
MRSA colonization after mupirocin
treatment (11).

When antimicrobial classes are taken into
account separately, cephalosporins and
fluoroquinolones are often identified as risk
factors for MRSA (2-5,8,11). The mechanisms
that would explain the participation of these
two classes are not fully understood. However,
fluoroquinolones directly enhance the expres-
sion of high-level oxacillin-resistant S. aureus
in vitro (11, p.202). Another recent study shows
that sub-MIC levels of ciprofloxacin increase
adhesion of quinolone-resistant MRSA (12),
which could explain persistent MRSA coloniza-
tion and failure of mupirocin treatment in
patients who received a fluoroquinolone (11,
p.197). MRSA outbreaks in surgical patients
have been controlled by isolating patients and
abandoning third-generation cephalosporins for
surgical prophylaxis (3). As stated by Davis et
al., dissemination of epidemic clones does not
necessarily require antimicrobial selection
pressure; however, the above studies suggest
participation of antimicrobial drugs in MRSA
colonization and outbreaks.

Finally, when citing Dutch infection control
measures as an example of successful control of
MRSA, Davis et al. omit the fact that, among
European countries, the Netherlands has the
lowest antimicrobial-drug use in primary health
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care (13) and one of the lowest in hospitals (14).
Similarly, Nordic European countries report
both very low MRSA prevalence and antimicro-
bial-drug use (13,15). In Denmark, the preva-
lence of MRSA peaked at approximately 18%
among all S. aureus isolates (and approximately
30% among blood isolates only) at the end of the
1960s, then regularly decreased during the 10
following years. This decrease has been attrib-
uted to various interventions, including increas-
ing awareness of hospital hygiene and an
intensive campaign to teach physicians the
principles of prudent antimicrobial-drug use.
Indeed, the decade witnessed a decrease in the
use of streptomycin and tetracycline to which
these MRSA strains were resistant. However,
determining the relative contribution of these
interventions to the disappearance of MRSA
strains from Denmark has not been possible
since all were implemented at approximately
the same time. Since the beginning of the
1980s, the percentage of MRSA has remained
extremely low, and below 1% among blood
S. aureus isolates. Except for a very small
number of localized hospital outbreaks, Danish
MRSA isolates now represent imported cases
from countries with high prevalence. To pre-
serve this low level, patients admitted from
foreign hospitals are isolated and screened for
MRSA carriage. Health-care workers who have
been working in foreign hospitals are also
screened before working in Danish hospitals.
At the same time, both the overall level of
antimicrobial-drug use and the fraction repre-
sented by broad-spectrum antimicrobial drugs,
such as cephalosporins or fluoroquinolones,
remain very low in Danish primary health care
and hospitals, according to the 1999 report by
the Danish Integrated Antimicrobial Resistance
Monitoring and Research Programme (available
from: URL: http://www.svs.dk/dk/Organisation/
z/forsider/Danmap%20forsider.htm).

Additional research is certainly needed to
fully understand the relationship between
antimicrobial use and MRSA. However, the
evidence supports implementation of programs
to control or improve prescriptions when
infection control alone does not control MRSA
or the organization and resources for a “search-
and-destroy” MRSA control strategy are not
available.

Dominique L. Monnet and Niels Frimodt-Møller
Statens Serum Institut, Copenhagen, Denmark
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Lack of Evidence for
Chloramphenicol Resistance
in Neisseria meningitidis, Africa

To the Editor: High-level chloramphenicol
resistance has been reported in 11 epidemio-
logically unrelated Neisseria meningitidis
serogroup B strains in Vietnam and in a single
strain in France, all isolated between 1987 and
1996 (1). Resistance was mediated by a
chloramphenicol acetyltransferase (Cat) en-
coded by a catP gene homologous to
Clostridium perfringens transposon Tn4451.
While used infrequently in industrialized
countries, chloramphenicol is often used to
treat patients with meningococcal disease in
Africa, especially during epidemics, when it
frequently becomes the drug of choice because it
can be administrated intramuscularly (2).

To evaluate the presence of meningococcal
chloramphenicol-resistant isolates in Africa, we
assessed the frequency of the catP gene in 33
N. meningitidis strains of serogroup A from the
collection of the Centers for Disease Control
and Prevention’s Epidemic Investigations
Laboratory. The isolates, selected to give the
maximum geographic and chronological repre-
sentation, were collected during 1963 to 1998
from Chad, Egypt, Gambia, Ghana, Niger,
Nigeria, South Africa, Tanzania, and Uganda,
mostly during outbreaks. Thirteen (39.3%) of
the strains were isolated during the 1990s,
when chloramphenicol resistance was first
described in Vietnam. All isolates were charac-
terized by multilocus enzyme electrophoresis
and represented four major electrophoretic
subgroups (3,4). Chloramphenicol and penicillin

MICs were determined for all isolates, accord-
ing to the recommendations of the National
Committee for Clinical Laboratory Standards,
by the broth microdilution method using
Mueller-Hinton broth with 5% lysed horse blood
incubated in 5% CO2 (5). All isolates were
susceptible to both chloramphenicol (MIC
<2 µg/mL) and penicillin (MIC <0.06 µg/mL). In
addition, we tested all isolates for the presence
of catP by polymerase chain reaction (PCR)
using primers A, B, C, and D (1). Primers A and
B, designed from the sequence of catP, amplify
a 300-bp fragment only in chloramphenicol-
resistant isolates. Primers C and D, designed
on the basis of meningococcal sequences flank-
ing the Tn4451-like insertion, amplify ~1200-bp
fragment in resistant isolates and ~200-bp
fragment in susceptible strains. Strain
LNP13947 (kindly provided by Marc Galimand)
was used as a positive control.

The catP gene was not detected in 32 of 33
N. meningitidis serogroup A strains. One
isolate that was negative with primers C and D
tested positive with primers A and B (M2786,
Nigeria, 1963), which could suggest that catP
was present but in a different location in the
meningococcal genome. However, the chloram-
phenicol MIC of that strain was 2 µg/mL
(susceptible). Repeated attempts to sequence
the A/B amplicon were not successful with
either primers A and B or another set of prim-
ers internal to primers A and B, implying that
only a portion of the catP gene was present or
(even more likely, given the conserved nature
of this gene) that the PCR result was a false
positive.

Chloramphenicol resistance was first
described in meningococcal serogroup B isolates
(1), but only serogroup A strains were included
in this study since A is the most prevalent
serogroup in Africa. (It accounts for most
epidemics in Sub-Saharan regions.) Although
our small sample size limited the chances of
detecting a rare event, the data suggest that
chloramphenicol resistance in Africa is rela-
tively infrequent and that chloramphenicol is
still an appropriate agent to treat meningococ-
cal disease.

The acquisition of plasmids encoding Cat,
which enzymatically inactivate choramphenicol,
is the most common mechanism of resistance in
gram-positive and gram-negative organisms.
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The catP gene has been found on various
bacterial chromosomes and conjugative plas-
mids as part of the transposable element
Tn4451. This transposon is derivative of the
Tn6338 that contains six genes, the largest of
which, TnpX, is required for the excision of the
transposon in both Escherichia coli and
C. perfringens (6). The Tn4451 derivative that
lacked the functional TnpX gene was com-
pletely stable in both organisms because it had
lost mobility as a result of these internal
deletions (6). The finding of catP in
N. meningitidis within such a truncated
immobile transposon (1) and the possibility of
transfer of this type of resistance among highly
transformable organisms such as Neisseria spp.
are of great concern. Were the transposon to
become a stable part of the meningococcal
genome, it could potentially be easily ex-
changed. Interspecies recombination between
antibiotic-resistant genes of N. meningitidis
and commensal Neisseria spp. has occurred in
penicillin- and sulfonamide-resistant meningo-
cocci (7-10). A similar occurrence may be
possible for N. meningitidis chloramphenicol
resistance in Africa or other continents where
this antibiotic is routinely used for treatment of
patients with meningococcal diseases. Studies
have not yet demonstrated the clinical signifi-
cance of chloramphenicol resistance caused by
the catP gene in meningococci. However, it is
possible that, in developing countries, patients
whose illness does not respond to antimicrobial
agents may not be detected, or their isolates
may not be obtained. Screening a selection of
isolates for catP may allow early detection of
chloramphenicol-resistant strains. Since detec-
tion of increasing chloramphenicol resistance
could change recommendations for antimicro-
bial-drug therapy, surveillance for antimicro-
bial-drug resistance should be encouraged.
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Iron Loading and Disease Surveillance

To the Editor: We read with interest the article
by E. D. Weinberg entitled “Iron Loading and
Disease Surveillance” (1). Dr. Weinberg pro-
poses routine population screening of iron
values by serum ferritin and transferrin satura-
tion tests. Such screening could provide valu-
able information for epidemiologic, diagnostic,
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prophylactic, and therapeutic studies of emerg-
ing infectious diseases. However, population
screening for hereditary hemochromatosis, the
example Dr. Weinberg uses to illustrate his
proposal, should await additional data (2-4). At
this time, it is not known how many people with
genetic risk or biochemical evidence of iron
overload will actually become ill. Therefore, the
benefits of screening cannot be weighed against
the risks of unnecessary treatment. Moreover,
standardized, reliable methods for measuring
and diagnosing iron overload are not available.

Without additional data, population screen-
ing can actually be detrimental to those at risk
for disease. Persons with hereditary hemochro-
matosis may face discrimination, including
difficulties in acquiring health, life, or disability
insurance. Already, current blood safety policy
makes it difficult for them to donate blood, even
though blood donation is unlikely to have
negative consequences. In addition, the costs of
screening for hemochromatosis are not rou-
tinely covered by medical insurance nor has the
cost-effectiveness of screening been determined.
If routine screening is adopted, tracking of
persons who test positive must be developed to
ensure that appropriate and continuing follow-
up is provided and patient confidentiality is
preserved.

The Centers for Disease Control and Pre-
vention recommends testing for persons who
have either a close relative with hemochromato-
sis or who themselves experience the unex-
plained symptoms compatible with the disease
(severe weakness or fatigue; unexplained joint
or abdominal pain) or its later complications
(liver disease, diabetes, or heart problems;
impotence; infertility; loss of menstrual periods)
(2,5). Testing to exclude other causes of these
medical problems should also be performed.
Persons with elevated iron or liver function
measures should be monitored by their health-
care provider.

Michele Reyes and Giuseppina Imperatore
Centers for Disease Control and Prevention,

Atlanta, Georgia, USA
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Reply to Dr. Reyes

To the Editor: The article noted that nearly 50
microbial genera contain strains that are more
pathogenic in iron-loaded than in normal hosts.
The article proposed “routine screening of
populations exposed to certain diseases” but not
routine screening of populations at large. A few
examples of current interest include atheroscle-
rosis (Coxiella and Chlamydia), septicemia
(Capnocytophaga), Whipple’s disease
(Tropheryma), tuberculosis (Mycobacterium),
gastric ulcers (Helicobacter), hepatitis (hepatitis
C), and AIDS (opportunistic pathogens).

Of course, the tissue or cell localization of
iron and the possible pathogen must be consid-
ered. For instance, Legionella multiplies in
iron-loaded alveolar macrophages but not in
plasma.  Thus, it would be expected that per-
sons with untreated hemochromatosis with
minimal macrophage iron but with high plasma
iron would not be at risk for Legionnaires’
pneumonia.

Eugene D. Weinberg
Indiana University, Bloomington, Indiana
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The 5th International Conference on Legionella
Ulm, Germany
September 26-29, 2000

Twenty-five years after the first recognized
outbreak of Legionnaires’ disease, the
bacterium Legionella pneumophila is clearly
established as an enduring agent of pneumonia
and respiratory disease. This organism causes
an estimated 15,000 cases of pneumonia in the
United States each year. Since L.  pneumophila
was first recognized, numerous advances have
occurred in our understanding of how this
unique intracellular pathogen affects humans
and how to control it and prevent disease.

These advances were highlighted at the 5th
International Conference on Legionella, the
first international symposium on this organism
since 1992. Sponsored by the University of Ulm,
Deutsche Gesellschaft fur Hygiene and
Mikrobiologie, Vereinigung fur Allgemeine und
Angewandte Mikrobiologie, American Society
for Microbiology, and Deutsche
Forschungsgemeinschaft, the symposium had
more than 200 attendees representing 35
countries. The meeting was held in conjunction
with the annual meeting of the European
Working Group on Legionella Infections.

Scientific sessions covered recent develop-
ments in pathogenesis, immunology, ecology,
clinical microbiology, epidemiology, surveil-
lance, and prevention. The opening lecture was
by Joseph McDade, Editor-in-Chief of Emerging
Infectious Diseases at the Centers for Disease
Control and Prevention, who first identified the
bacterium in 1977.

Substantial progress has been made in the
areas of pathogenesis, development of policies
and guidelines to control legionellosis, and
potential alternative biocide treatments to
prevent colonization of water systems by the
bacterium. L. pneumophila survives as an
intracellular parasite of protozoa and human
macrophages. Researchers presented data that
further define the mechanisms by which this
bacterium enters the host cell, subverts
endosomal-lysosomal pathways, acquires

nutrients for multiplication, and escapes the
host cell. Investigators have identified many
novel genes that constitute an unprecedented
model for intracellular pathogens. In addition,
sequencing of the L. pneumophila genome is
now >80% complete, with more than 2,000 open
reading frames identified. Information on the
genome project is available at http://
genome3.cpmc.columbia.edu/~legion/.

The meeting also highlighted two large
outbreaks of Legionnaires’ disease that oc-
curred in the past year: one associated with a
cooling tower at the Melbourne Aquarium and
the other with a whirlpool spa at a Dutch flower
show. Although substantial progress has been
made in implementing guidelines to prevent
legionellosis, it remains unclear if such preven-
tive measures can suppress the occurrence of
large focal outbreaks such as the ones in Aus-
tralia and the Netherlands. The use of chlorina-
tion, copper-silver ionization, monochloramine,
and heat to control the bacterium continues to
be the subject of controversy. Several presenta-
tions focused on the issue of travel-related
legionellosis, with much discussion on the best
means of detecting and preventing its occur-
rence. The meeting hosted a formal debate on
the use of copper-silver ionization with a panel
of five experts in this area.

The proceedings of the meeting will be
published by ASM Press, Washington, DC, in
2001. Chicago will host the 6th International
Conference on Legionella in 2004.

Conference Announcement

Fourth Annual Conference on Vaccine
Research: Basic Science-Product
Development-Clinical and Field Studies
Hyatt Regency Crystal City,
Arlington, Virginia
April 23-25, 2001

The conference is sponsored by the National
Foundation for Infectious Diseases, in collabo-
ration with the Centers for Disease Control and
Prevention; National Institute of Allergy and
Infectious Diseases, National Institutes of

Meeting Summary
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Erratum Vol. 6 No. 4
In the article, “Communicating the Threat of

Emerging Infections to the Public,” by V. Freimuth et
al., a reference was inadvertently omitted. On page
342, column 1, first full paragraph, information
beginning with the sentence “CDC collaborated with
other federal agencies...” and continuing to the end of
the paragraph was cited from the following reference.

Smith JY, Finkelstein BL, Govert B, Friedman CR, Gold BD,
Swerdlow DC. Health communication campaign to increase
awareness of Helicobacter pylori and peptic ulcer disease. In:
Abstracts of the American Public Health Association 126th
Annual Meeting and Exposition 1998; Abstract 3326.

We regret any confusion this omission may have
caused.

Health; International Society for Vaccines;
Albert B. Sabin Vaccine Institute; World Health
Organization; U.S. Department of Agriculture;
and the Center for Biologics Evaluation and
Research, Food and Drug Administration.

For information, contact Kathleen
Hanrahan, National Foundation for Infectious
Diseases, 4733 Bethesda Avenue, Suite 750,
Bethesda, MD 20814-5228, USA; telephone:
301-656-0003, x19; fax: 301-907-0878; e-mail:
info@nfid.org; URL: http://www.nfid.org/confer-
ences.
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The Bull (detail), 1647

Paulus Potter’s The Bull, a very famous
painting in its day, drew crowds to the
Mauritshuis Museum in The Hague during the
18th and 19th centuries. The Bull is an example
of Dutch realism, one of the most striking
features of 17th century Dutch painting. Dutch
realism is not (as may be implied by the name)
simply a highly accurate representation of
reality. For a number of artists, realism meant
reproducing closely the way light fell on figures
and objects. At first glance, a painting may
appear an accurate representation of an object or
a scene, but study of other related objects or
scenes might have been used to create a better
composition. Paintings  widely praised for their
realism usually involved a great deal of
manipulation on the artist’s part.

The Bull, with its down-to-earth subject
matter, life-sized format, and astonishingly
realistic details (flies on the bull’s coat, the cow’s
‘damp’ nose), is the epitome of Dutch painting.
Until a few years ago, the bull in the painting was

assumed to be the depiction of an existing bull;
however, wide discrepancies between the differ-
ent parts of the body suggest otherwise. The
drooping dewlap and horns indicate a 2-year-old
animal, but the teeth (six of which are
permanent) are those of a 3- to 4-year-old bull.
The forequarters are very muscular, while the
hindquarters are underdeveloped. The fore- and
hindquarters are at an angle to the pictorial
plane, while the animal’s body is parallel to it. By
all appearances, Potter composed the bull from a
number of preliminary studies of different
animals.

The first design for The Bull was much
smaller. Seams in the canvas indicate that the
painter initially intended to paint only the bull.
At a later stage, he attached linen strips on either
side and along the top of the original canvas, on
which he added other animals, the farmer, and
the landscape.

Abstracted from The Mauritshuis Museum Catalog,
Den Haag, the Netherlands
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