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PERSPECTIVE

Emerging Infectious Diseases
in Mongolia

John R. Ebright,* Togoo Altantsetseg,t and Ravdan Oyungerel}

Since 1990, Mongolia’s health system has been in
transition. Impressive gains have been accomplished
through a national immunization program, which was insti-
tuted in 1991. Nevertheless, the country continues to con-
front four major chronic infections: hepatitis B and C, bru-
cellosis, tuberculosis, and sexually transmitted diseases
(STDs). As of 2001, only two cases of HIV infections had
been detected in Mongolia, but concern grows that the rate
will increase along with the rising rates of STDs and
increase in tourism. Other infectious diseases of impor-
tance in Mongolia include echinococcosis, plague,
tularemia, anthrax, foot-and-mouth, and rabies.

ongolia, situated in Central Asia between Russia and

China, has a population of 2.5 million people and an
average population density of 1.5 persons per sq. km.
Twenty-seven percent of the country’s total population
lives in the capital city, Ulaanbaatar. The country is divid-
ed into 21 administrative provinces called aimags with
medical care delivered in each province through a three-
tiered system; referral to any of the university joint hospi-
tals in Ulaanbaatar is possible. As of 1997, Mongolia had
25 physicians and 78 hospital beds per 10,000 population,
one of the highest ratios in Asia (1-3).

Major political and healthcare changes began in 1990,
when Mongolia ceased to be under Soviet control and
stopped receiving developmental aid as one of the Eastern
Bloc satellites (2). Since that time, its economy has been
changing from a centrally planned socialist system to a
free market economy with healthcare delivery reflecting
that transition (1,2,4-6).

Although progress is being made, Mongolia continues
to struggle with poor transportation and communication
and limited material (including laboratory) facilities.
Financial difficulties remain a major challenge as the
country seeks to develop economic self-sufficiency and
deliver modern health care to its people (1).

*Wayne State University School of Medicine, Detroit, Michigan,
USA; tNational Medical University of Mongolia, Ulaanbaatar,
Mongolia#; and fNational Research Center for Infectious
Diseases, Ulaanbaatar, Mongolia
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This report results from two onsite visits by one of the
authors (JRE) in September 1999 and May 2001, which
allowed for extensive discussions with infectious diseases
physicians of the National Research Center for Infectious
Diseases (NRCID) and the National Medical University of
Mongolia. In addition, he was able to attend hospital ward
rounds and conduct patient examinations at NRCID, the
Central Hospital of Oncology, First Clinical Hospital, and
Third Clinical Hospital in Ulaanbaatar and to review the
laboratory facilities in those hospitals.

NRCID serves as the major university hospital and
referral center for tuberculosis (TB) and chronic infectious
diseases in Mongolia. It is situated on 7 acres of land in
south Ulaanbaatar and consists of 23 brick buildings con-
structed in 1985 by the Soviet Union. Each building is
free-standing and requires health providers to walk outside
in order to go from building to building (an important point
considering Ulaanbaatar’s severe and prolonged winters).
As a government facility, NRCID is managed and main-
tained through government funds. Patients are provided
care regardless of their ability to pay, and full-time staff
physicians receive government salaries.

The data in the following sections of this report were
derived from three sources. The first represents the annual
cumulative number of specific infectious diseases, which
have a high public health impact in Mongolia. These data
were collected monthly throughout the country by health-
care personnel in all rural districts and provinces, as well
as in Ulaanbaatar, and reported to the Ministry of Health
and Social Welfare. The annual cumulative data for each
disease were summarized and published for the medical
community and general public by the National Statistical
Office (Table). The second source is derived from the per-
sonal discussions held with leaders in public health and
microbiology as well as infectious disease clinicians and
faculty at NRCID, the National Medical University, and
other hospitals in Ulaanbaatar. The third consists of recent-
ly published reports dealing with infectious diseases and
public health issues in Mongolia during the past 10 years
and identified through Medline search.
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PERSPECTIVE

Table. Annual cumulative number of reportable infectious diseases by year, Mongolia®

Y

Disease 1990 1995 1996 1997 1998 1999
Tuberculosis 1,664 2,543 3,104 2,723 2,806 3,221
Viral hepatitis 14,278 7,877 8,198 9,394 8,042 5,249
Brucellosis — 850 1,158 1,122 1,308 1,482
Syphilis 705 718 810 1,291 1,329 1,093
Gonorrhea 2,234 3,308 3,274 2,934 3,486 2,207
Salmonellosis 866 360 323 256 239 243
Shigellosis 1,930 1,589 2,294 2,146 1,261 1,383
Measles 296 558 123 4 8 10

Mumps 240 255 436 736 1,287 426
Meningococcal meningitis 776 2,781 881 533 303 242
Chickenpox 810 401 386 253 375 297
“(ref. 9, modified)

B from a relative lack of evaluation and treatment available

A separate building at NRCID is dedicated to manage-
ment of patients with TB. Divided by separate floors into
pediatric, adult, and surgical units, the TB hospital houses
approximately 230 patients and serves as the primary refer-
ral and treatment center for Mongolia. Diagnosis is made
by clinical symptoms, chest x-ray, Mantoux skin test, and
positive acid-fast smears of clinical specimens. Availability
of culture and susceptibility data appears to be inconsistent
but is expected to improve when the National Tuberculosis
Central Laboratory is moved on site at NRCID.

Staff physicians treat all patients with isoniazid,
rifampin, pyrazinamide, and ethambutol (or streptomycin)
for the first 2 months of a standard 6-month treatment
course and administer treatment by direct observation
(DOT). This treatment is an improvement compared with
the TB program of the mid-1990s, when only 29% of
patients received a four-drug treatment course (7). Current
data from the pediatric unit indicate that 93% of patients
became smear-negative after the initial 2-month DOT pro-
gram compared with 100% 5 years ago. This finding is
similar to results (92% smear-negative) reported from a
pilot study that used the same antimicrobial drugs and
DOT program in eastern Mongolia in 1999 (8). On becom-
ing smear-negative, the patients are discharged to their
homes and complete the remainder of their 6-month pro-
gram with isoniazid and rifampin alone. Both the central
hospital and regional clinics cooperate to oversee the com-
pletion of therapy after discharge and to ensure that contact
tracing is performed. Anti-TB medication is available only
through the central TB hospital and regional clinics and not
from private pharmacies. In general, no second-line anti-
TB drugs, except ciprofloxacin, are available in Mongolia.

National statistics show the lowest incidence of TB in
the past 10 years occurred during 1990 to 1994 (1,664
cases, 1990) with a marked increase by 1995 continuing
through 1999 (3,104 cases, 1996; 3,221 cases, 1999) (9).
The increase probably represents a reporting bias resulting
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during the first few years after Mongolia was no longer
under Soviet control and until the national TB program
was established in 1994 (7). Data from the National
Tuberculosis Central Laboratory in Ulaanbaatar character-
ize the 3,221 cases that occurred in 1999 as follows: pul-
monary, 2,280 cases (70%) with 1,513 diagnosed by posi-
tive sputum smears and 767 (33% of total pulmonary
cases) diagnosed clinically in spite of negative smears; and
extrapulmonary, 941 cases. Susceptibility data available
from the same source indicate primary resistance to isoni-
azid is >10%; streptomycin resistance is >10%; any resist-
ance is 29%; and multiple-resistant isolates is 1.1% (N.
Naranbat, pers. commun.).

Viral Hepatitis

Hospital directors of NRCID as well as senior infec-
tious diseases faculty of the National Medical University
agree that the most common reportable infection in
Mongolia is viral hepatitis. This fact is still true even
though the incidence has decreased from 14,278 cases in
1990 to 5,249 cases in 1999 (9). Information regarding fre-
quencies of specific types of viral hepatitis is more diffi-
cult to obtain. Serologic testing for hepatitis C has been
readily available only since 1999. One physician working
in the NRCID serology laboratory stated that approximate-
ly 30% of its current assays on inpatients with acute or
chronic hepatitis are positive for hepatitis C. However,
most (80%) acute hepatitis cases in Mongolia appear to
result from hepatitis A (L. Togooch, pers. commun.). A
recent report by Japanese investigators gives seropreva-
lence rates in 150 outpatients in Ulaanbaatar of 39% (hep-
atitis B) and 48% (hepatitis C). All participants in this
study also had volunteered to participate in an epidemio-
logic study of hyperlipidemia at the Central Clinic
Hospital in Ulaanbaatar (10). The incidence of hepatitis B
is falling as a result of two major interventions begun in
1991. At that time, a national immunization program,

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 9, No. 12, December 2003



including vaccination against hepatitis B, was started. In
addition, a program to stop the reuse of phlebotomy nee-
dles and needles for injection was begun. Currently, all
such needles are sterile, individually packaged, and dis-
posable. Evidence attesting to the effectiveness of these
interventions is emerging. Edstam et al. report a drop of
hepatitis B carriage from a historical prevalence of 14% to
6.9% in a random cluster sampling of Mongolian 2-year
old children. These encouraging results were found in both
rural as well as urban settings with one dramatic exception.
For unclear reasons, 40% of persons in the rural aimag
Bayanhongor were positive when tested for hepatitis B
surface antigen (11).

In spite of the overall encouraging decline in hepatitis
B carriage, the impact of chronic hepatitis remains a major
health problem for the country. Hepatocellular carcinoma
is the most common malignancy in Mongolia (followed by
gastroesophogeal, cervical, and lung cancers), and cirrho-
sis remains common enough to justify a 54-bed ward at
NRCID dedicated to the care of patients with the disease.
Although injection drug use appears to be rare, alcohol
abuse is very common and almost certainly contributes to
Mongolia’s problem with chronic liver disease (12).

Infectious disease physicians at the National Medical
University and NRCID are well aware of the use of inter-
feron for treatment of chronic hepatitis B and C but have
been limited in utilizing it, primarily because of its
expense. Only approximately 100 patients had been treated
with interferon by 2001.

Brucellosis

Approximately 23% of Mongolia’s population lives in
rural areas and leads a nomadic or seminomadic way of
life. Their diet is heavily dependent on meat and dairy
products, reflecting the importance that large domesticated
animals have played in the country’s history. In the past
decade, the number of livestock has increased from 26 mil-
lion to over 33 million, including 26 million sheep and
goats, 3.8 million cattle, 3.1 million horses, and 350,000
camels (13). Not surprisingly, brucellosis remains one of
the major veterinary and public health problems in
Mongolia. The Brucella seroprevalence rate among cattle
in 1987 ranged from 3.8% to 35% before a vaccination
program (14) but now appears to be approximately 5%-
10% with some focal areas close to 50% (Andrea Mikolon,
pers. commun.). Seroprevalence in sheep and goats is less,
approximately 2%. Nevertheless, Brucella melitensis
appears to be the most common species of Brucella isolat-
ed from blood cultures taken from acutely ill patients
(Andrea Mikolon, pers. commun.). In Mongolia, transmis-
sion to humans occurs primarily from direct contact with
animals through injury while handling them or during
slaughtering and to a lesser extent, from drinking contam-
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inated milk (Andrea Mikolon, pers. commun.). As of 2001,
approximately 8,000 human cases of chronic brucellosis
were reported, and 1,000-1,500 new cases have been
reported yearly since 1996 (9) (compared with approxi-
mately 100 cases annually in the United States [15]). Such
a high caseload in this sparsely populated country is
reflected in a 50-bed unit at NRCID dedicated to caring for
people with this disease. Most patients on that unit appear
to have chronic skeletal disease diagnosed by clinical fea-
tures, x-ray findings, and positive serologic results.
Cultures are rarely done because of lack of appropriate
safeguards for this level III pathogen, but they may be per-
formed occasionally at the University Central Laboratory
of the National Medical University. Confirmation and spe-
ciation by using polymerase chain reaction (PCR) may
also be obtained at the same facility. Treatment with doxy-
cycline and gentamicin or rifampin is standard on the unit,
but they are often administered for only 2 weeks rather
than the minimal 6 weeks recommended in most recent
reviews (15,16). Possibly, as a result, many of the inpa-
tients have a history of relapsing disease and have been
admitted for treatment on multiple previous occasions.
Attempts to control this enzootic infection have been
unsuccessful because of an inconsistent strategy varying
between vaccination of livestock and the destruction of
infected animals. As of 2001, no uniform animal vaccina-
tion program existed in Mongolia. However, the World
Health Organization has recently been conducting meet-
ings with the Ministry of Health and the National Medical
University to further assess the health impact of brucellosis
in the country and make recommendations for its control.

Sexually Transmitted Diseases

Sexually transmitted diseases (STDs) have become an
increasing problem since Mongolia became fully inde-
pendent of Soviet control in 1990. This increase may relate
partly to temporary loss of central governmental control as
well as a decreased economic base for the country. (The
Soviet Union had provided 85% of developmental aid to
Mongolia, amounting to 35% of the government’s annual
budget [2]). Physicians at NRCID estimate that 600—1,100
female prostitutes lived in the country in 2001 and suggest,
although data are incomplete, that this number represents
an increase over the previous decade.

Reported cases of syphilis ranged from 705 to 810
annually during the years 1990 through 1996, but
increased to 1,291 in 1997 and 1,329 in 1998. For most of
the past decade, gonorrhea was reported in over 3,000
patients yearly except in 1990 (2,234 cases) and 1999
(2,207 cases) (9). These official statistics coincide with the
perception of infectious diseases physicians of NRCID
that the STD rate has increased since 1990. In addition, a
1997 report by Purevdawa et al. gives further support for
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this concern. The authors state that rates of syphilis, gon-
orrhea, and trichomoniasis cases per 100,000 population
increased from the mid-1980s (or 1993 in the case of
syphilis) to 1995 as follows: syphilis, 18 to 32; gonorrhea,
51 to 142; and trichomonas, 47 to 155 (17). A recent study
conducted in Ulaanbaatar among 260 patients attending a
STD clinic found the prevalence of gonorrhea, chlamydia,
and syphilis to be 31.1%, 8.1%, and 8.6%, respectively, for
male patients and 10.3%, 9.9%, and 6.0% for female
patients. Seventy-seven percent of female patients had tri-
chomoniasis and nearly 20% of male patients had non-
gonococcal urethritis (18). Similar results were found in
110 women attending an STD clinic in Ulaanbaatar from
whom genital samples obtained by insertion and immedi-
ate removal of tampons were tested by using PCR amplifi-
cation. Chlamydia trachomatis (14%), Neisseria gonor-
rhoeae (11%), and human papillomavirus (HPV) (36%)
were detected in the samples. Forty-four percent of the
women with human papillomavirus had oncogenic geno-
types detected (19).

In addition, antimicrobial drug resistance has become
common in N. gonorrhoeae isolates. Forty-eight percent to
>50% have been found to be resistant to penicillin; close
to 15% are resistant to tetracycline, and nearly 25% are
resistant to ciprofloxacin (20,21).

Approximately 20,000 patients have been screened for
HIV infection at NRCID every year since 1987. The labo-
ratory uses a microtiter agglutination system obtained
from Japan as a rapid screen and enzyme-linked
immunosorbent assay (ELISA) from either Japan or Italy
as second-level tests on samples found positive by using
the screen. As of 2001, two patients were positive: one
acquired HIV in another country, and the second is thought
to have acquired HIV through contact with an African per-
son visiting Mongolia. Nevertheless, the increased rates of
STDs since the mid-1980s, in addition to increased
tourism in the country, raise concern that HIV will become
a problem in Mongolia and justify the public health educa-
tion initiatives already taking place.

Respiratory Tract Infections, Infectious Causes
of Diarrhea, and Parasitic Infections

Respiratory tract infections and diarrhea are very com-
mon in Mongolia, especially among children. Generally,
respiratory illnesses including pneumonia are most com-
mon during the winter and, at least in 1991, accounted for
most the country’s infant mortality rate (2). Officially, the
infant mortality rate in 1990 was 64.4 per 1,000 live births
and decreased to 37.3 per 1,000 live births in 1999 (22).

Infectious diarrhea, on the other hand, is more problem-
atic during the short summer season. Laboratories in the
major hospitals of Ulaanbaatar including NRCID identify
enteric bacterial pathogens by using manual methods. The
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most commonly identified pathogens have been Shigella
flexneri and Salmonella species such as S. enteritidis
Typhimurium (D. Regzedmaa, pers. commun.). However,
supplies and equipment necessary to isolate and identify
Campylobacter species, enterotoxigenic and enterohemor-
rhagic Escherichia coli, and rotavirus are not available;
consequently, information regarding the prevalence of
these organisms is not available.

An outbreak of cholera involving approximately 100
persons occurred in 1996 but was rapidly brought under
control. No cases have been identified since that time, and
the source of the outbreak remains uncertain. Typhoid
fever appears to be uncommon. At NRCID, one case has
been recognized since 1999. In that instance, a 42-year-old
man with fever, diarrhea, and a perforated small bowel
required resection after he had treated himself before hos-
pitalization with ampicillin and gentamicin.

Official statistics show a gradual decline in reported
cases of salmonellosis and dysentery from 866 and 1,930
cases, respectively, in 1990, to 243, and 1,383 cases in
1999 (9). Nevertheless, infectious diarrhea remains a
major health problem during the summer months in
Ulaanbaatar and a 34-bed unit at NRCID is dedicated to
the care of patients with this disease.

The director of the enteric parasite laboratory at
NRCID reported that Enterobius vermicularis constituted
approximately 90% of detected intestinal parasites. The
remainder consisted of Ascaris lumbricoides and Taenia
species. This finding corresponds with a recent survey of
rural residents near Ulaanbaatar which found that enterobi-
asis and hydatidosis were the two major helminthic infec-
tions in Mongolia. Lee et al. offered the speculation that
soil-transmitted parasites such as 4. lumbricoides are less
common because soil-derived vegetables are not common-
ly included in the typical Mongolian diet (23).

Most households in rural Mongolia own livestock
(sheep, goats, horses, cattle) and over 50% own dogs. Not
surprisingly, human infection with Echinococcus granulo-
sis is seen by physicians in Ulaanbaatar, although less fre-
quently than in the neighboring northern provinces of
China. A recent survey conducted in northwest Mongolia
detected a seroprevalence of 5% by using an ELISA on
334 persons (24). An earlier report by Davaatseren et al.
claimed echinococcus was the cause for 18% of the surgi-
cal cases in the First Clinical Hospital of Ulaanbaatar in
1993 (25).

Other Infectious Diseases

Cases of plague, due to infection with Yersinia pestis,
have been seen in approximately 40 patients each year,
especially in rural Mongolia. Transmission appears usual-
ly to occur as a result of hunting marmots (Marmota sibir-
ica), large rodents especially plentiful throughout the vast
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steppes of Central Asia. A recent case of pneumonia
occurred in Mongolia’s western-most province (aimag),
Bayan Olgii; the 93 persons who had contact with the
patient received prophylactic tetracycline. Enzootic plague
also may be maintained in the Mongolian gerbil (Meriones
unguiculatus) and its flea (Nosopsyllus laeviceps) (26).

Occasional cases of tularemia have been reported in
Mongolia. Animal cases of anthrax involving cattle, sheep,
and goats are reported sporadically in the country.
Occasional human cases of cutaneous or intestinal anthrax
also have been reported. An animal vaccine is available but
has not been administered as part of a nationwide program.

Bovine spongioform encephalopathy is unknown in
Mongolia and is not anticipated because all cattle are
strictly pasture-fed. On the other hand, foot-and-mouth
disease caused by apthovirus of the family Picornaviridae,
although thought to be eradicated in 1973, reappeared
along the Chinese border in the year 2000. More recently,
it spread from the eastern Mongolian provinces and by
March 2001 appeared among the livestock on the outskirts
of Ulaanbaatar. Prompt intervention including livestock
vaccination brought the outbreak under control, and most
districts around the capital city had their quarantine lifted
by May 2001.

Rabies remains an endemic problem especially among
dogs and wolves, with occasional human cases reported.
Although rabies immunoglobulin and human diploid cell
vaccine are not available, a locally produced, goat
brain—derived vaccine is available for use in Mongolia.

Lyme disease is not reported in the country, but a recent
study in northeastern China (Inner Mongolia) documented
Borrelia garinii and B. afzelii in Ixodes persulcatus ticks
(27). Therefore, the possibility exists of human disease
occurring in Mongolia. Tick-borne encephalitis due to a
flavivirus infection and hemorrhagic fever with renal syn-
drome, both present in Russia, are not recognized in
Mongolia (28).

Antimicrobial Drug Resistance

Antimicrobial drugs generally available at NRCID
include penicillin G, ampicillin, oxacillin, cephalosporins,
including ceftriaxone and cefotaxime, gentamicin, chlo-
ramphenicol, ciprofloxacin, tetracycline, erythromycin,
trimethoprim-sulfamethoxazole, rifampin, isoniazid,
ethambutol, and pyrazinamide. Aminoglycoside blood lev-
els were not routinely available, as of 2001, although they
could be obtained through private specialty laboratories in
Ulaanbaatar.

Oral antimicrobial drugs have been preferred over
those administered parentally, whenever possible. Sterile
intravenous infusion solutions are available and prepared
locally at each major hospital in Ulaanbaatar. However,
intravenous catheters are not readily available, which
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necessitates that intravenous antimicrobial drugs be given
through sterile needles. These needles are promptly
removed after each infusion. As of 2001, antimicrobial
drugs are commonly prescribed for at least 3 postoperative
days to patients undergoing even minor surgery (such as
simple lipoma removal) to reduce the incidence of postop-
erative wound infections.

Each major hospital in Ulaanbaatar has its own bacteri-
ology laboratory, where organisms are identified by using
manual methods and susceptibilities are determined by
using antimicrobial drug disks. Nevertheless, antimicro-
bial drug susceptibility profiles appear to be unavailable.
Several hospital laboratories could not, for example, pro-
vide information regarding their prevalence of methicillin-
resistant Staphylococcus aureus (MRSA). The director of
the The World Health Organization (WHO)-sponsored
PCR section of NRCID central laboratory reported a rate
of 20% to 30% MRSA. However, no details or written
reports were available for review.

Hospital Infection Control

Sinks and bar soap are available throughout all hospi-
tals. Individual paper towels were not present, however,
and reusable cloth towels were used in their place.
Healthcare providers, as a rule, did not wash their hands
between examining patients during rounds; rather, hand
washing generally was done only at the end of rounds after
all patients had been seen.

Immunization

Mongolia’s current national immunization program
began in 1991 and includes vaccines against TB, polio,
hepatitis B, diphtheria, pertussis, tetanus, and measles. As
of 2001, the vaccination rate for all children in the country
was 98%. Immunization against rubella was to be added to
the official program during 2002. Mumps vaccine is not on
the official vaccination schedule, however. Of interest, an
outbreak of mumps occurred in Ulaanbaatar during the
spring of 2001. Mongolia did not experience the outbreak
of diphtheria in the 1990s as Russia did (28). Four cases
were reported for the country in 2000. WHO certified that
Mongolia was free of polio in 2000. Immunization against
influenza is sporatic and dependent on outside funding. (L.
Togooch, pers. commun.).

Summary

Since 1990, Mongolia’s health system has been in tran-
sition. Impressive gains have been accomplished through
their national immunization program, started in 1991. Of
particular note is the decreased incidence of acute hepati-
tis B. Nevertheless, the country continues to struggle with
chronic hepatitis B- and C-related liver failure and hepato-
cellular carcinoma (exacerbated by alcoholism, an addi-
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tional common social health problem in Mongolia). Three
other major infectious disease problems include brucel-
losis, TB with significant single drug resistance being
identified, and rising rates of STDs. Respiratory illnesses
including pneumonia constitute a major cause of infant
deaths, especially during the prolonged winters, and infec-
tious diarrhea remains a common public health problem
during the summers.

As of 2001, only two HIV infections have been detect-
ed in Mongolia. Nevertheless, public health leaders remain
concerned that its incidence may soon increase. Other
infectious diseases of importance include echinococcus,
plague, tularemia, anthrax, foot-and-mouth, and rabies.

Antimicrobial drugs are available to the public without
prescription and also may be given excessively to postop-
erative patients. Antimicrobial drug—susceptibility trends
generally are not available at the major teaching hospitals
in Ulaanbaatar. Infection control policies, especially hand-
washing, appear to need more attention.

Challenges

We conclude with our recommendations emphasizing
areas for focus and further development, which would
seem most applicable and potentially beneficial over the
next 10 years. Further progress in transitioning from the
clinical diagnosis of TB to diagnosis confirmed by wide-
spread availability of culture for Mycobacterium tubercu-
losis (with accompanying antimicrobial drug—susceptibili-
ty results) will be a great help in directing limited
resources and optimizing individual treatment programs
by using DOT. Given the high prevalence of chronic viral
hepatitis (and for other reasons related to social and eco-
nomic development issues), a national program that
reduces individual excessive alcohol consumption through
education and treatment centers is appropriate. A national,
consistently applied program to reduce the prevalence of
Brucella infection of animal livestock is needed.
Continued emphasis on public health measures to reduce
the spread of sexually transmitted diseases and prevent the
incursion of HIV is of great importance. A national pro-
gram for control of antimicrobial drug use based upon
physician prescription rather than general public access is
necessary. A system of consistently performing suscepti-
bility studies on common bacterial isolates with subse-
quent publication of antimicrobial drug—susceptibility
trends, at least in the referral hospitals in Ulaanbaatar,
would be an important advance. Hospital infection control,
including handwashing between individual patient exami-
nations and antimicrobial drug use policies, needs to be
further developed in Mongolia. Expansion of the excellent
national immunization program to include rubella, mumps,
influenza, and possibly haemophilus vaccines would pro-
vide additional benefit to the people of Mongolia.
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Raccoon Roundworm Eggs near
Homes and Risk for Larva Migrans
Disease, California Communities

Gabriel P. Roussere,” William J. Murray,* Caroline B. Raudenbush,* Michael J. Kutilek,*
Darcy J. Levee,* and Kevin R. Kazacost

The raccoon roundworm, Baylisascaris procyonis, is
increasingly recognized as a cause of serious or fatal larva
migrans disease in humans and animals. We assessed the
potential for infection in three northern California communi-
ties by determining the density and distribution of raccoon
latrines, where transmission primarily occurs, and the
prevalence of eggs at private residences. We collected
fecal samples from 215 latrines and found that 44%-53% of
the latrines contained B. procyonis eggs and that
16%—-32% contained infective eggs. Among the properties
surveyed, 28%-49% harbored at least one latrine that was
positive for B. procyonis eggs. The latrine densities in these
communities were higher than any previously reported. The
presence of B. procyonis eggs in raccoon latrines was
common, widespread, and closely associated with human
habitation. Where raccoon densities are high, education of
the public and removal of raccoons may be necessary.

he raccoon, Procyon lotor, is a free-ranging mammal

found throughout urban and rural areas of North
America. Raccoons harbor a wide variety of infectious
agents and parasites, many of which are zoonotic. One of
these, the raccoon roundworm, Baylisascaris procyonis
(Nematoda: Ascaridoidea) (Figure 1), is a well-known
cause of visceral, ocular, and neural larva migrans in
humans and other animals (1-3). Fatal or severe central
nervous system (CNS) disease from B. procyonis has been
reported in >90 species of birds and mammals (2); 13
known cases of neural larva migrans were reported in
humans, primarily in children <2 years of age (2—11).

The biologic, morphologic, and ecologic characteristics
of B. procyonis are similar to those of other ascarid para-
sites of carnivores such as the common canine roundworm,
Toxocara canis (1-3). Unless an unusually heavy infection
occurs in juvenile raccoons, B. procyonis causes little or no
clinical disease in its natural host. Like several other
ascarids of mammals, B. procyonis has a direct or indirect

*San Jose State University, San Jose, California, USA; and
tPurdue University, West Lafayette, Indiana, USA
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life cycle, depending on the age of the definitive host (2).
Raccoons become infected in one of two ways: 1) young
raccoons become infected by eating eggs during investiga-
tive behavior and during feeding and grooming activities
with other members of their social group; 2) adult raccoons
acquire the infection by ingesting intermediate hosts
(rodents, rabbits, birds) infected with the larvae of B. pro-
cyonis (2). In intermediate hosts, CNS disease develops

Figure 1. Adult Baylisascaris procyonis removed from the small
intestine of a raccoon. Adult females (left) are about 24 cm long;
males (right) are about 12 cm long. (Reprinted from Clinical
Microbiology Newsletter 2002;24:1-7; with permission from
Elsevier Science).
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from larval migration, making the hosts easy prey for rac-
coons. In either case, the life cycle of the parasite is com-
pleted after larvae are released in the intestinal tract and
develop into adult male and female worms. This process
requires approximately 63 days after egg infection and
approximately 35 days after raccoons ingest larvae in inter-
mediate host tissues (2). Adult female worms in the small
intestine of a raccoon collectively may produce millions of
eggs per day, which are shed in feces (1-3). Once outside
the body, the eggs become infective (i.e., contain a second-
stage larva) in approximately 2 to 4 weeks, depending on
environmental conditions such as moisture and tempera-
ture (1-3). Like other ascarid eggs, the eggs of B. procyo-
nis are resistant to degradation in the environment and can
survive for years under appropriate conditions (1).

A key feature of the epidemiology of baylisascariasis is
the behavior of raccoons. Raccoons habitually defecate in
communal sites called latrines. The locations of latrines
are associated with various natural and human-made struc-
tures (2,12). In urban and suburban areas, raccoons estab-
lish latrines on rooftops, in attics, in and around chimneys,
and on other roof protrusions, stumps, woodpiles, decks,
and lawns, especially near trees (1,2) (Figure 2). Where
raccoon densities are high, substantial amounts of feces

RESEARCH

containing large numbers of resistant B. procyonis eggs
accumulate at latrines, which become long-term focal
sources of infection for humans and other animals
(1,2,13,14). Thus, humans may become infected acciden-
tally by coming into contact with active or abandoned
latrine sites and inadvertently ingesting eggs containing
infective B. procyonis larvae (Figure 3). Young children
are especially at risk for infection because of their propen-
sity to handle objects and put them in their mouth.
Thirteen known cases of Baylisascaris encephalitis
have occurred in humans in the United States from
California, Illinois, Michigan, Minnesota, New York,
Oregon, and Pennsylvania. Five of these cases were even-
tually fatal (4,5,9,11). In addition, a 14th case is suspected
in a young girl with CNS larva migrans from Missouri
(15). Since 1993, four documented cases of Baylisascaris
encephalitis have occurred in California, three involving
young boys, and one case in a developmentally delayed
17-year-old boy who had pica. Two of the four cases
occurred in northern California, in San Leandro in 1993
(7) and Pacific Grove in 1998 (8). The other two cases
occurred in southern California, in Los Angeles in 2000
(11) and in Santa Barbara in 2002 (D. Paul et al., unpub.
data). In addition, a case of Baylisascaris ocular larva

Figure 2. Typical raccoon latrines found in urban/suburban environments. (A) Latrine on a chimney ledge, illustrating the climbing abili-
ties of raccoons and their tenacity in maintaining latrines. (B) Large latrine in the crotch of an oak tree approximately 3.5 m (15 feet)
above ground. The sides of the tree were visibly stained with fecal residue that rain had washed down the trunk, contaminating a child’s
play area below with Baylisascaris procyonis eggs. (C) Large latrine, in use for years on a house roof, unknown to the home owner. (D)
Latrine site on the ground near downed timber and rocks in a suburban yard. Note the variety of fecal materials (including seeds, crus-
tacean shells, and human refuse), reflecting the diversity of the raccoon diet. The homogeneous-appearing fresh scat in the center is
composed of digested pet food. (E) Latrine on a stump in a suburban park with plants sprouting from seeds in the scat. Granivorous birds
and mammals are attracted to such locations, as are curious children. (F) Raccoon scat hidden in leaf litter in a suburban back yard, indi-

cating how occult contamination may be.
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Figure 3. Baylisascaris procyonis eggs recovered from raccoon
feces from a latrine in a playground sandbox. Left, infective egg
containing a fully formed larva (40x). Right, an undeveloped or
degenerate noninfective egg. B. procyonis eggs are ellipsoid,
approximately 75 um x 60 um in size, with a brown, finely granu-
lar surface. (Reprinted from Clinical Microbiology Newsletter
2002;24:1-7; with permission from Elsevier Science.)

migrans was identified in a 29-year-old man from Marin
County (16).

The present study was prompted by the Pacific Grove
case, in which an 11-month-old boy became infected with
B. procyonis and severe neural larva migrans and unilater-
al ocular disease (8) developed. Infective B. procyonis
eggs were found in raccoon latrines that were numerous on
the patient’s property and an adjacent lot. Further investi-
gation indicated large populations of raccoons throughout
the area based on sightings, homeowner complaints, and
the presence of raccoon latrines in residential areas. All
indicators suggested a substantial potential for transmis-
sion of B. procyonis to humans and animals. However,
despite an increasing recognition of baylisascariasis in
humans, data are lacking on the distribution of raccoon
latrines and the prevalence of B. procyonis eggs in areas
where humans reside.

We investigated the risk for exposure to B. procyonis in
three northern California communities by systematically
examining raccoon latrines. The purpose of the study was
to determine the density and distribution of raccoon
latrines and the prevalence of B. procyonis eggs located
near human habitation.

Materials and Methods

Field Methods

We chose three study areas in northern California that
were known to have large populations of raccoons. Pacific
Grove and Carmel are coastal cities lying close to one
another on the Monterey Peninsula. Both communities
have had ongoing complaints from residents regarding rac-
coon depredation to their homes and properties. A recent
documented case of baylisascariasis occurred in Pacific
Grove (8), but none occurred in Carmel. The third commu-
nity, the Naglee Park neighborhood of San Jose, is approx-
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imately 112 km (70 miles) northeast of the Monterey
Peninsula. It is an inland community lying in the Santa
Clara Valley. Naglee Park has had few complaints from
residents regarding raccoon activities and no documented
cases of baylisascariasis. The three communities are simi-
lar in their demographics, and all have older homes and
established plantings of mature trees and shrubs.

We used newspaper advertisements and flyers to bring
the study to the attention of the residents. Property owners
called a telephone messaging system and agreed to have
their properties studied. We mapped the locations of the
properties on city maps and found that they approximated
a random distribution in all three communities. We
assigned unique identification codes to the properties, cor-
responding to the city and the numerical order in which
they were studied. We measured the total area of each
property in square meters and systematically surveyed
each site for the presence of raccoon latrines.

Latrines were identified by the presence of raccoon
feces, which have characteristic size, shape, odor, and other
physical attributes; typically, they are dark, attenuated
scats, approximately 7- to 15-cm long x 2 cm in diameter,
have a pungent odor, and contain a variety of seeds and
other food items (2,13,17). Fecal piles <1 m apart were con-
sidered to be from the same latrine. We mapped the location
of each latrine, measured its diameter, and counted the
number of scats it contained. All feces were collected from
each latrine or, if the volume of feces was large, represen-
tative portions of each recognizable scat were collected and
placed in either plastic bags or 50-mL plastic tubes.
Typically, the fecal weight from a single latrine ranged
from 30 g to 750 g. All samples were examined for B. pro-
cyonis eggs within 1 to 3 days of collection. Samples that
were negative were reexamined.

Laboratory Methods

We determined the presence of B. procyonis eggs in
fecal samples by a modified detergent wash flotation pro-
cedure using Sheather’s sugar solution, specific gravity
1.25-1.27 (18,19). In some cases, desiccated samples were
rehydrated with distilled water to soften them before pro-
cessing. Preparations were examined by using a light
microscope by bright-field and differential interference
contrast methods.

We identified B. procyonis eggs (Figure 3) on the basis
of their size and other morphologic characteristics (1,2).
Once identified, the eggs were classified as noninfective, if
they contained an undeveloped embryo, or potentially
infective, if they contained a fully formed larva (3).

Results
We found 127 raccoon latrines on 80 properties in
Pacific Grove, 64 latrines on 38 properties in Carmel, and
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53 latrines on 46 properties in San Jose, for a total of 244
latrines on 164 properties. Property sizes were more vari-
able in Pacific Grove (1,828 + 6,023 m?) than in Carmel
(777 £+ 1,263 m?) or San Jose (752 + 447 m?). The density
of latrines was 8.7/hectare (3.5/acre) in Pacific Grove,
21.7/hectare (8.8/acre) in Carmel, and 15.3/hectare
(6.2/acre) in San Jose. In Pacific Grove and Carmel, we
found most latrines on roofs (39%-41%); in San Jose most
were located on the ground (54%) (Figure 4).

Of the 244 latrines, 29 were not accessible for sampling
due to their unsafe locations, e.g., on damaged roofs. We
examined the remaining latrines for B. procyonis eggs, and
approximately half (44.0%-53.2%) of these were positive,
with many containing infective eggs (15.9%-31.5%)
(Figure 5). Nearly half of the properties in Pacific Grove
and Carmel (47.4%-48.8%) and more than one quarter of
those in San Jose (28.0%) contained at least one latrine
that was positive for B. procyonis eggs (Figure 6). Over
half of the properties in San Jose (54%) and more than one
fourth in Pacific Grove and Carmel (27%-28%) did not
harbor latrines. Most of the properties examined had three
or fewer latrines, but a few contained as many as eight
(Figure 7).

Discussion

The widespread distribution and high densities of
latrines suggest that human and animal contact with rac-
coon feces and B. procyonis eggs is likely to be common
in the study areas. However, human clinical infections are
uncommon, probably because most persons do not have
intimate contact with the sites or exhibit those behaviors
(ingestion, pica, geophagia) that would result in heavy
infection. Nonetheless, the potential for infection exists,
especially for young inquisitive children who might
exhibit such behaviors. Moreover, because of the wide-
spread distribution of raccoons, as well as diagnostic diffi-
culties and lack of clinical experience with the spectrum of
disease caused by B. procyonis in humans, mild or subclin-
ical infections likely go unrecognized. In fact, asympto-
matic, low-level infection with B. procyonis is probably
the most common form of infection (1,2,3,6).

These study sites had greater densities of latrines and a
higher percentage of latrines containing B. procyonis eggs
than seen in previous studies. Page et al. (12) found 42
latrines in an 8.2-hectare woodlot (5.5/hectare) in Indiana
and B. procyonis eggs in 14% of the latrines sampled.
Jacobson et al. (20) found 97 raccoon scats in a 280-hectare
urban study area and 121 raccoon scats in a 230-hectare
rural study area in Indiana (0.35 and 0.53/hectare, respec-
tively). They also found that 27% of the urban scats and
31% of the rural ones contained B. procyonis eggs (20).

The latrine densities found in our study sites suggest an
abundant raccoon population. This conclusion is further
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Figure 4. Percentage of raccoon latrines found at various locations
in Pacific Grove, Carmel, and San Jose, CA (number of latrines =
244). The “other” category includes window ledges, attics, fences,
decks, and so forth.

supported by field observations of large numbers of rac-
coons encountered during the surveys. As raccoon density
increases, opportunities for intra- and interspecific density-
dependent disease transmission also increase. Intraspecific
transmission occurs when B. procyonis eggs pass from one
raccoon to another through social interactions, such as liv-
ing in the same den and grooming, and by visits to latrines.
Interspecific transmission involves intermediate hosts;
small granivorous rodents and birds routinely ingest
roundworm eggs as they forage for seeds contained in rac-
coon feces at latrines (2,13,14). The possibility of trans-
mission increases with higher latrine density.

Urban environments typically provide increased food
sources and den sites and reduced hunting and predation,
leading to higher densities of raccoons (21,22).
Anthropogenic food sources, some inadvertent and others
purposefully provided by residents, are important con-
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Figure 5. Percentage of raccoon latrines that tested positive for
Baylisascaris procyonis eggs and those containing potentially
infective eggs (number of latrines = 215).
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Figure 6. Percentage of properties that contained at least one rac-
coon latrine positive for Baylisascaris procyonis eggs (number of
properties = 164).

tributing factors to high raccoon densities. Pet food, which
is high in protein and fat content, is an important food
source for urban and suburban raccoons. In addition, rac-
coons may forage on fruits and vegetables from gardens
and on food wastes from garbage containers (22).
Numerous potential den sites are found in urban areas,
including ground-based decks, crawl spaces under homes,
outbuildings, culvert pipes, and chimneys. In the Monterey
Peninsula cities (Pacific Grove and Carmel), we observed
that mature Monterey pines (Pinus radiata) were com-
monly used as daytime resting sites by urban raccoons.

In rural environments and wooded parks, raccoons tend
to prefer raised horizontal surfaces, such as logs, stumps,
limbs, and forks of trees as latrine sites (1,2,12). Our
results show that accessible roofs of houses and sheds are
also common locations for latrines in urban/suburban
areas. Many roof latrines in Pacific Grove and Carmel
were apparently used for years without the homeowner’s
knowledge. These often accumulated substantial amounts
of feces. During periods of rainfall, this fecal matter wash-
es down rain gutters to the ground near residences, thus
becoming more accessible to family members. Such
ground contamination from roof top latrines has been
implicated in a recent case of B. procyonis neural larva
migrans in an 11-month-old child at a day-care facility in
Santa Barbara, California (D. Paul et al., unpub. data).

Ground latrines, which were especially common in San
Jose, are also important foci of B. procyonis eggs due to
their accessibility. Young children (1-4 years of age) fre-
quently have pica or geophagia and often put objects found
on the ground in their mouth. They are especially at risk of
accidentally ingesting B. procyonis eggs and account for
most cases of severe infection (2,3). Moreover, feces on
the ground decompose into the surrounding soil, leaving
no sign of their presence, but infective eggs released from
the feces may remain viable for years (1,2).

In the late 1990s, both Pacific Grove and Carmel had
ongoing raccoon problems, as judged by frequent com-
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plaints from citizens. In Pacific Grove, this situation
prompted (since 1998) an ongoing program to trap and
euthanize nuisance raccoons. Carmel has had no such pro-
grams, which may be the reason for the difference in
latrine densities between these two cities. Both Pacific
Grove and Carmel have increased their educational efforts
aimed at reducing anthropogenic food sources and shelter
for raccoons. The study area in San Jose had few com-
plaints, yet the mean number of latrines per property and
the mean density of latrine sites was similar to Pacific
Grove and Carmel. The major difference was in the distri-
bution of latrines; San Jose had a greater percentage of
properties without latrines, compared with the other two
cities, suggesting differences in raccoon density and prop-
erty usage in this community.

B. procyonis can produce devastating neurologic dis-
ease in humans, especially young children (2-11). B. pro-
cyonis is much more virulent than the dog roundworm, 7.
canis, the most frequently encountered cause of larva
migrans in humans (3). Clinical signs of CNS infection
with B. procyonis may develop as soon as 2—4 weeks after
ingestion of infective eggs (23). Factors influencing the
severity of CNS disease in humans and other animals
include the number of eggs ingested, the extent and pattern
of larval migration in the tissues, especially the CNS, the
severity of inflammation caused by migrating larvae, and
the amount of tissue necrosis.

Symptoms of baylisascariasis range from varying
degrees of mild CNS dysfunction, to severe neural deficits
with paralysis, coma, blindness, and death (2—11,23). The
larvae of B. procyonis have a noted tendency to invade the
brain and eye, causing neural larva migrans and ocular
larva migrans. Clinical neural or ocular larva migrans is an
accidental consequence of somatic migration and larval
distribution. Experimental infections in animals have
shown that 5%-7% of larvae enter the CNS, but the dam-
age they cause is extensive, attributable primarily to their
large size and aggressive migration (1-3,23). Obviously,
the greater the number of B. procyonis eggs ingested, the
more severe the potential clinical problems.

Ingestion of large numbers of B. procyonis eggs may
produce rapidly fatal neural larva migrans. Despite treat-
ment, progressive neurologic deterioration often continues
because of the severe CNS damage and inflammation
(2,3,23). Those who survive often have profound neuro-
logic impairment and are severely incapacitated. Their
condition may progressively worsen as the brain under-
goes postinflammatory atrophy (3,7,23). Diagnosis is often
delayed because B. procyonis infection is generally not
considered during early patient evaluation. This delay con-
tributes to the severity of disease because the larvae con-
tinue to migrate unimpeded in CNS tissues, making the
prognosis poorer despite later treatment. This infection
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Figure 7. Frequency distributions for the number of raccoon
latrines found in Pacific Grove, Carmel, and San Jose, California.

should be strongly considered in any patient, particularly a
young child who has eosinophilic encephalitis, peripheral
eosinophilia, and a history of possible exposure.
Albendazole and steroids should be administered immedi-
ately while serologic and other confirmation of B. procyo-
nis infection are sought (2,3,7-11).

Human exposure to B. procyonis eggs must be prevent-
ed, especially in urban and suburban areas where humans
and raccoons coexist. Children should be watched carefully
when playing in areas with known populations of raccoons
and latrines (3). If children are seen to ingest raccoon feces
from a latrine or other area, albendazole should be adminis-
tered immediately (25-50 mg/kg/d x 10 d; or 400 mg twice
aday x 10 d), and the raccoon feces sent for examination for
B. procyonis eggs (3). Children should be taught to avoid
fecal material, especially from raccoon latrines, and to thor-
oughly wash their hands after playing outdoors (3).
Property owners are advised to inspect their properties and
homes periodically, including roofs, for latrines.

If latrines are found, determining what is attracting rac-
coons to the location is important. Raccoons are readily
attracted to sources of food, water, and shelter. Misguided
persons who actively feed raccoons or leave pet food out-
doors may contribute greatly to problems for other proper-
ty owners in an area. Advice can usually be sought from
local animal control or wildlife management agencies to
determine what is attracting raccoons to the area and how
to take measures to exclude them from taking up residence
or establishing latrines in a particular location.

Latrines should be removed promptly and fecal material
disposed of properly (2,3). Wearing rubber gloves, protec-
tive overalls, and rubber boots will reduce the possibility
of exposure through self-contamination during cleanup
activities. If one is working in a confined space such as an
attic, a particle facemask should be worn to reduce the pos-
sibility of exposure to fungal spores or other contaminants.
Feces should be carefully removed, double-bagged in plas-
tic garbage bags, then placed in routine garbage containers
for disposal in a landfill or by incineration. If the latrine is

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 9, No. 12, December 2003

RESEARCH

located on the ground, approximately 5-7.5 cm of under-
lying soil should also be removed and discarded.

B. procyonis eggs are difficult to destroy without resort-
ing to high heat (e.g., propane gun flame, boiling water,
steam) (2). Obviously, using flame sources around a home
is hazardous and should be discouraged unless surfaces
like concrete or soil are to be decontaminated.
Furthermore, the eggs have a sticky proteinaceous coat
that allows them to adhere to surfaces. They can be ren-
dered less sticky by applications of hot water and bleach,
which may be useful for removing residual eggs from
flammable surfaces. Additional information regarding
latrine removal and decontamination can be found else-
where (2), or by contacting appropriate government agen-
cies. Further studies are needed concerning the survivabil-
ity of B. procyonis eggs under varying conditions and the
assessment of optimal, situation-specific methods for inac-
tivation.

In areas where raccoon density is high, trapping and
removing raccoons may be necessary to decrease depreda-
tion and the accumulation of B. procyonis eggs in the envi-
ronment. Municipalities should educate the public about
this parasite and the negative effects of providing food and
shelter to raccoons and other wildlife. Reducing the avail-
ability of anthropogenic food sources is important to
decrease populations of raccoons in urban and suburban
environments. Coordinated, comprehensive wildlife man-
agement practices are recommended. Given the potential
for human exposure to this parasite and considering the
risk for very young children, the public should be encour-
aged to adopt practices that will reduce the possibility of
infection by B. procyonis.
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Global Distribution of Rubella Virus
Genotypes
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Phylogenetic analysis of a collection of 103 E1 gene
sequences from rubella viruses isolated from 17 countries
from 1961 to 2000 confirmed the existence of at least two
genotypes. Rubella genotype | (RGI) isolates, predominant
in Europe, Japan, and the Western Hemisphere, segregat-
ed into discrete subgenotypes; international subgenotypes
present in the 1960s and 1970s were replaced by geo-
graphically restricted subgenotypes after ~1980. Recently,
active subgenotypes include one in the United States and
Latin America, one in China, and a third that apparently
originated in Asia and spread to Europe and North America,
starting in 1997, indicating the recent emergence of an
international subgenotype. A virus that potentially arose as
a recombinant between two RGI subgenotypes was discov-
ered. Rubella genotype Il (RGIl) showed greater genetic
diversity than did RGI and may actually consist of multiple
genotypes. RGII viruses were limited to Asia and Europe;
RGI viruses were also present in most of the countries
where RGII viruses were isolated.

Rubella virus infection during the first trimester of
pregnancy can lead to severe birth defects (congeni-
tal rubella syndrome) (1). Live attenuated vaccines, avail-
able since the late 1960s (2), are currently in use in rough-
ly half of the countries in the world, including all industri-
alized countries, although vaccine coverage varies widely
(3). Concentration on comprehensive rubella vaccination
has recently increased in developing countries in conjunc-
tion with measles elimination efforts, particularly in Latin
America (4,5). As part of the surveillance component of
these efforts, an understanding of the worldwide molecu-
lar epidemiology of rubella virus, which is limited, is
necessary.
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Disease Control and Prevention, Atlanta, Georgia, USA; tNational
Institute of Infectious Diseases, Tokyo, Japan; §Korea University,
Seoul, Korea; {[Chinese Centers for Disease Control and
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Moscow, Russia; **Chaim Sheba Medical Center, Tel-Hashomer,
Israel; ttinstitute for Virology, Infectiology and Epidemiology,
Stuttgart, Germany; and ffAuckland Hospital, Auckland, New
Zealand
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Rubella virus is an RNA virus that is the sole member
of the Rubivirus genus, within the Togaviridae family (6).
The rubella virus genome is ~10,000 nucleotides and
encodes five protein products, including three virion pro-
teins: the C or capsid protein and two envelope glycopro-
teins, E1 and E2. The El gene sequence has been used for
genotyping and phylogenetic analysis of rubella virus iso-
lates (7—10). Thus far, rubella viruses from Europe, Asia,
and North America have been found for the most part to
group in a single genotype (Rubella Genotype I or RGI)
that has a maximum diversity at the nucleotide level of
~5%. However, a limited number of viruses from Asia
(China and India), and more recently Italy, formed a dis-
tant phylogenetic branch, differing from RGI viruses by
8% to 10%, which was designated Rubella Genotype II
(RGI) (8,9,11,12). These two genotypes belong to the sin-
gle rubella virus serotype (11). Because of limited sam-
pling, the geographic range of RGII has not been deter-
mined.

This study was designed to increase information and
understanding on worldwide molecular epidemiology of
rubella virus. We have performed combined phylogenetic
analysis on viruses from earlier studies (8-10) and, to gain
further information on RGII viruses, we included viruses
collected from the Eastern Hemisphere, namely Russia,
South Korea, China, New Zealand, and Israel.

Materials and Methods

Rubella Isolates and Sequences

A total of 103 rubella virus El gene nucleotide
sequences were used in this study; “new” sequences not
reported in previous studies are shown in Table 1, a com-
plete list is available online (http://www.cdc.gov/
ncidod/EID/vol09n012/03-0242.htm#tablel). The length
of the sequence was 1179 nt, which covered 8291-9469 nt

1Current address: Respiratory and Enteric Viruses Branch,
Division of Viral and Rickettsial Diseases, National Center for
Infectious Diseases, Centers for Disease Control and Prevention,
Atlanta, GA, USA.
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Table 1. “New” rubella virus E1 gene sequences used in this

study®
Isolate Isolation site and y GenBank no.
China
AH2/AH-CHN99 Anhui, China 1999 AY326350
AH5/AH-CHN99 Anhui, China 1999 AY326351
Germany
BCM/-GER91 Germany 1991 AY326341
G696/-GER98 Germany 1998 AY326342
Israel
111/TA-ISR68 Tel Aviv, Israel 1968 AY326335
119/HF-ISR72 Haifa, Israel 1972 AY326338
19/JS-ISR75 Jerusalem, Israel 1975 AY326334
113/BB-ISR79 Bene-Berak, Israel 1979 AY326336
115/JF-ISR78 Jaffa, Israel 1978 AY326337
134/TB-ISR88 Tiberias, Israel 1988 AY326339
176/EV-ISR92 Ein-Vered, Israel 1992 AY326340
India
MTS/-INDOO India 2000 AY326343°
Japan
JOS5/TK-JPN93 Tokyo, Japan 1993 AB072382
J91/GM-JAPY4 Gunma, Japan 1994 AB072384
J86/ST-JAP95 Saitama, Japan 1995 AB072387
J13/HS-JAP97 Hiroshima, Japan 1997 AY397695
Korea
AN1/SO-KOR95 Seoul, Korea 1995 AY326345
AN3/SO-KOR96 Seoul, Korea 1996 AY326346
ANS5/SO-KOR96 Seoul, Korea 1996 AY326347
AN6/SO-KOR96 Seoul, Korea 1996 AY326348
New Zealand
JC1/AL-NEZ81 Auckland, NZ 1981 AY326331
JC2/AL-NEZ91 Auckland, NZ 1991 AY326332
JC5C/AL-NEZ91 Auckland, NZ 1991 AY326333
Russia
C4/MO-RUS67 Moscow, Russia 1967 AY247015
C19/MO-RUS68 Moscow, Russia 1968 AY247016
C44/MO-RUS69 Moscow, Russia 1969 AY247017
C68/MO-RUS73 Moscow, Russia 1973 AY247018
C74/MO-RUS97 Moscow, Russia 1997 AY247019

“New E1 gene sequences not previously reported in earlier studies (8-12) are
listed in this Table. A complete list of sequences used in this study is available
online (http://www.cdc.gov/ncidod/EID/vol09n012/03-0242.htm#tablel).
"Isolated in Seattle, WA, USA.

of the rubella virus genome (the complete E1 gene is
between nts 82589700 [13]). This collection consisted of
sequences from new isolates from China, Israel, Japan,
Korea, New Zealand, and Russia and representative
sequences from previous studies (8—10). Methods of iso-
late propagation and E1 gene sequence determination were
as previously described (9).

Genetic Sequence Similarities and Distances

Distance matrix tables were computed by using the
Old distance with Simple correction method in the GCG
software package (Wisconsin package version 10.0,
Genetics Computer Group, Madison, WI). These tables
were used to calculate the average genetic distance among
viruses in a single genotypic group or between viruses in
two genotypic groups.

1524

Phylogenetic Analysis

The phylogenetic trees (Figures 1 and 2) were made
using Tree-Puzzle 5.0 (14) (maximum likelihood [ML] cri-
terion with 10,000 or 25,000 quartet puzzling steps and
HKY85 model of substitution [15]) and viewed by using
TreeView (16). To test the consistency of branching, addi-
tional software packages were used to construct trees,
including PAUP (David L Swofford. 2001. ver 4.0, Sinauer
Associates, Sunderland, MA) and PHYLIP (Joseph
Felsenstein, ver 3.60, July 2000, WA). Both ML and max-
imum parsimony (MP) algorithms in these packages were
used. A histogram of the ML distances computed by Tree
Puzzle 5.0 (14) was constructed with Excel (Microsoft,
Redmond, WA).

Results

The sequences used in this study consist of representa-
tive sequences from three earlier studies (Europe, North
America, and Asia, 1961-1997 [8]; Italy, 1991-1997 [9];
and the United States, 1997-2001 [10]) and sequences of
viruses collected in Russia, South Korea, New Zealand,
Israel, China, Japan, and the United States that have not
been reported (these new sequences are listed in Table 1;
a complete sequence list is available online (http://www.
cdc.gov/ncidod/EID/vol09n012/03-0242.htm#tablel).
The sequences from the three earlier studies have not pre-
viously been amalgamated into a single phylogenetic
study. Phylogenetic trees produced with different pro-
grams yielded the same major branches, and only repre-
sentative trees are shown (Figure 1). Branches were
defined as reproducible clusterings of sequences by these
different programs.

Most of the new sequences belonged to RGI, which
emanate from a single node in the tree shown in Figure 1.
For simplicity, the tree shown in Figure 1A contains only
half of the RGI sequences; the RGI node with all of the RGI
sequences is shown in Figure 1B. New sequences belonging
to RGI included both from China, all three from New
Zealand, all four from Japan, five of six from Israel, two of
four from South Korea, and one of five from Russia.
Additionally, all of the sequences from the U.S. study (10)
and 19 of 21 from the Italy study (9) were RGI. Fourteen
sequences were grouped on branches removed from the
RGI node, including the three viruses originally used to
define RGII, two RGII viruses isolated from Italy (1994)
[9], and 9 of the new sequences: 4 from Russia (3 from 1967
to 1969 and 1 from 1997), 2 from South Korea (1996),
1 from Israel (1968), 1 from China (1979), and 1 isolated in
the United States from a case contracted in India (2000).

RGI Viruses
The sequences of viruses isolated before 1980 are col-
ored black in the expanded RGI node (Figure 1B). These
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Figure 1. Phylogenetic trees. Unrooted tree was made by the maximum likelihood method in the Tree-Puzzle 5.0 program (25,000 puz-
zling steps for the tree in A; 10,000 puzzling steps for the tree in B) using the complete E1 gene sequence (1179 nt). Bootstrapping val-
ues (out of 100) for each node are given. The tree in A was constructed with half of the rubella genotype | (RGI) and all of the RGII
sequences (to allow the reader to read the RGI virus designations); the tree in B is a blowup of the RGI node from a tree constructed
with all of the sequences. In B, sequences used in the previous study (8) are designated by an (*), and sequences of viruses isolated
before 1980 are in black. Branches are color-coded as follows: RGI International 1961-1986 and 1964-1981, black; RGI Europe
1972-1991, light green; RGI Europe 1986—1994 and Europe 1991-1998, green; RGI China, 1999, gold; RGI USA, 1990-2000, light blue;
and a branch containing sub-branches from Japan 1987-1991, International 1997-2000, Japan, Korea 1994-1996, New Zealand, 1991,
and Japan-Philippines, 1997, dark blue. Of these, the black International, green Europe, light-blue USA, and dark-blue branches were
recognized in the previous study (the light-blue branch as US-Japan and the dark-blue branch as Japan-Hong Kong).

sequences, which were from viruses isolated in Europe,
North America, and Asia, congregated around the central
node (International 1964—-1981) or segregated into one of
two branches, denoted International 1961-1986 and
Europe 1972—-1991. Many of these sequences were used in
our previous study (8; marked with an asterisk) in which
the sequences in the International 1961-1986 branch
formed three related branches, the sequences in the
International 1964—1981 nodal congregation were spread
along the baseline of the dendogram, and the sequences in
the Europe 1972-1991 branch were at the base of the
Europe branch. Additions to the International 1964—1981
nodal congregation included sequences from a virus isolat-
ed in Russia in 1973 and a virus isolated in New Zealand
in 1981; a sequence from a virus from Israel 1978 was
added to the International 1961-1986 branch. The Europe
1972-1991 branch (colored gold in Figure 1) contained
viruses from Israel (1972, 1975, 1979, and 1988), Italy
(1991), and the United Kingdom (1978 and 1986; both
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used in the previous study [8]). The TCRB vaccine strain
(Japan, 1967) sequence segregated onto this branch; in our
previous study (8); the TCRB sequence was at the base of
the European branch. In summary, while the branching
pattern of sequences of viruses isolated internationally
before ~1980 (8) was basically preserved, the addition of
sequences led to definition of a new branch of viruses from
Europe and Israel, isolated between 1972 and 1991.
Newly added sequences of viruses isolated after 1990
segregated primarily onto the three continent-restricted
branches defined in our earlier study (8), generally in a
geographically consistent manner. These branches, desig-
nated Europe, Japan-Hong Kong, and US-Japan in the ear-
lier study (8), are colored green, dark blue, and light blue
(the US-Japan branch was redesignated USA 1990-2000;
see below). The Europe branch was augmented by
sequences of viruses from Italy, Germany, and Israel
(1991-1998) and subdivided into two sub-branches, one
containing sequences of viruses isolated in Europe from
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Figure 2. Phylogenetic trees. Trees were made by the maximum
likelihood method in the Tree-Puzzle 5.0 program (1,000 puzzling
steps) using the 5' half (640 nt: 8291-8930) or 3' half (539 nt:
8931-9469) of the E1 gene sequence. Bootstrapping values (out
of 100) for each node are given.

1986 to 1994 (Europe 1986—1994) and a second contain-
ing sequences of viruses isolated in Europe and Israel from
1991 to 1995 (Europe 1991-1998). Several newly added
sequences of viruses from the United States and Latin
America (1997-2000) enlarged the USA 1990-2000
branch; these viruses are thought to be endemic in regions
bordering the United States and to seed rubella outbreaks
and clusters in that country (10). The only two viruses
from Japan in this branch were isolated from a single
province in 1991; it was previously hypothesized that this
finding represented transport of viruses from the United
States to Japan or vice versa (8). In light of the isolation of
several viruses in this group subsequently from the United
States or Latin America and no viruses from Japan (either
before or after 1991), the former transport pathway likely
occurred; thus, this branch has been redesignated USA
1990-2000.

The Japan-Hong Kong branch expanded considerably
to include sequences of a pair of viruses from Japan and
the Philippines (1997) that were related to each other, two
sequences of viruses from New Zealand (1991) that were
related to each other, and sequences of a group of five
related viruses isolated in Japan and South Korea from
1995 to 1996. Another distinct sub-branch was formed by
a closely related group of sequences of viruses associated
with outbreaks in Europe, the United States, and the

Caribbean from 1997 to 2000 (International, 1996-2000).
The viruses in this branch caused several outbreaks in the
northeastern United States and on cruise ships in Florida
(10) and were isolated during a rubella epidemic in Italy in
1997 (9); the relatedness of these viruses was not pre-
viously recognized. A novel branch contained sequences of
two viruses from China (1999) (China, 1999, gold in
Figure 1B).

RGIl Viruses

The tree depicted in Figure 1A indicated that sequence
divergence was greater among RGII viruses than among
RGI viruses. RGII viruses segregated into three distinct
clusters (RGIIA, RGIIB, and RGIIC), all of which were
supported by bootstrapping values of >90. Only the RGIIA
cluster contained more than one virus isolated within the
past decade, and this active cluster contained viruses from
diverse locations (India, China, Korea, Italy). The other
two clusters contained viruses from a single location
(RGIIB-Russia; RGIIC-Beijing, China). The RGII clusters
were more distant from each other than were the RGI
branches. Variability between RGI and the three RGII
clusters is shown in Table 2. Maximal variability among
RGI viruses was ~5.8%, however, RGII viruses varied by
up to ~8.0%. Viruses within each of the three RGII clusters
varied by up to 5.5% and the clusters differed from each
other by an average of ~7% (range of variability between
viruses in the RGII clusters: RGITA-RGIIB: 6.35%-7.78%;
RGIHA-RGIIC: 6.86%-7.95%; RGIIB-RGIIC: 6.85%-
7.53%). Average variation of the RGII clusters from RGI
was from ~6% to 8% (range 5.5%-10.3%, which translates
to a range of 0.8% to 2.1% variation at the amino acid
level).

Evidence for Recombinant Virus

Use of the entire E1 gene resulted in excessive time
being required to run phylogenetic programs with the large
number of sequences included in this study (e.g., trees in
Figure 1 took days to compute). We therefore investigated
using smaller segments within the E1 gene (five windows
of ~400 nt encompassing nt 8291-8640, 8491-8890,
8687-9088, 8891-9290, and 9100-9469 of the genome) to
construct phylogenetic trees. All major branches shown in
Figure 1 were preserved in trees constructed from each of

Table 2. Intra- and intergoup genetic distances among rubella genotype | (RGI) and RGII clusters®

Mean distance from

Genotype/cluster Intragroup variability RGII RGIIA RGIIB RGIIC
RGI 0.08-5.75 7.28 7.59 6.20 8.21
RGII 0-7.95

RGIIA 0-5.41 7.24 7.13
RGIIB 0.42-1.95 7.19
RGIIC 2.54

“Ranges and mean genetic distances (% nucleotide difference) were determined from all pairwise combinations from viruses in these groups (Figure 1).
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these windows, although placement and joining of the
branches varied at the base of the tree. During this investi-
gation, the sequence of one isolate, FAR-GER®&9, was
found to group with three contemporaneous viruses in the
Europe 1986-1994 branch (TOM-UK86, FEL-UKS88, and
DO075-GER92) in the three 5’-most windows within the E1
gene, but with three International 1964-1981 viruses
(RA27-USA64, JC1-NEZ81, and THE-USA64) in the two
3’-most windows (illustrated in Figure 2). When these
seven sequences were aligned, over the 5° 630 nt, 14 nt
characteristics of the TOMI/FEL/D075 or THE/JC1/RA27
sequences were identified; of these, FAR had 12 character-
istics to the TOMI/FEL/D075 sequences, 1 characteristic
to the THE/JC1/RA27, sequences and 1 unique nucleotide
(data not shown). In contrast, over the 3" 540 nt of the E1
gene, 11 nt characteristics of the TOM/FEL/D075 or THE
sequence were identified and of these 11 characteristic nts,
FAR shared all 11 with the THE sequence and none with
the TOM/FEL/D075 sequences. These results indicate that
FAR may be a recombinant between viruses from these
two Genotype I groups. The FAR-GERS89 sequence is on
its own branch, emanating from the RGI node (Figure 1);
similar observations have been made with poliovirus
recombinants (17).

Discussion

In this study, we extended phylogenetic analysis of
rubella viruses collected worldwide. The baseline for this
study was an analysis (8) of viruses collected from Europe,
North America, and Asia, 1961-1997; we found that an
international genotypic group existed until ~1980 and was
replaced by continent-restricted genotypic groups after
~1980. In this study, this analysis was augmented by inclu-
sion of comprehensive collections from Italy (9) and the
United States (10) as well as viruses collected from new
locations. In the previous analysis (8), a second genotype
was identified among a limited number of specimens col-
lected from Asia and a specific goal of this study was to
analyze viruses from new locations in hopes of learning
more about this second genotype.

Use of the entire E1 gene resulted in excessive time
being required to run phylogenetic programs with the large
number of sequences included in this study. We therefore

RESEARCH

investigated using ~400-nt segments within the E1 gene.
While the major genotypic and subgenotypic grouping
were preserved in these segmental trees, the trees produced
from the nt 8687-9088 window were most similar to those
produced from the entire E1 gene. This window was
named the “molecular epidemiology window.” As shown
in Table 3, this window had a similar to somewhat higher
intersequence variability than the E1 gene and preserved
the GC content and intersequence transition/transversion
ratio exhibited by the El gene. Although virus isolates
were used in this study, amplification and sequencing of
E1 gene segments directly from clinical specimens using
reverse transcription-polymerase chain reaction (RT-PCR)
are at hand (18-22). Our findings indicate that RT-PCR
products from any region of the E1 gene will produce phy-
logenetic trees consistent with those from the entire E1l
gene. However, thus far the regions amplified by in these
studies have not been standardized.

Analysis of the segmental trees indicated that the FAR-
GERS9 isolate might have arisen by a recombination event
within the E1 gene between a virus from the Europe
1986-1994 branch (TOM-UKS86, FEL-UKS88, D075-
GER92) and a virus from the International 1964-1981
nodal cluster (THE-US64, RA27-USA64, JCI-NEZ81).
Such an event is temporally consistent because viruses
related to the International 1964—1981 nodal cluster have
been isolated in Italy as late as 1991 (9) but were not
included in this study. Although rubella virus recombina-
tion in cell culture has been documented (23), this report is
the first of a natural recombinant. Although the FAR-
GERS9 isolate was related to the RA27/3 vaccine strain in
the 3" end of the E1 gene, the FAR-GER89 sequence con-
tains none of the nucleotides characteristic of the RA27/3
sequence (7); thus, the recombination event did not
involve a vaccine virus.

In our previous analysis (8), all of the viruses isolated
in Europe, North America, and Japan were RGI. This find-
ing was maintained with the expanded collections from all
three regions used in this study with the exception of two
RGII viruses isolated in Italy. Additionally, most of the
viruses in the expanded RGI collection from these regions
segued into the previously defined RGI branches (8), with
the exception of a newly defined Europe 1972-1991

Table 3. Comparison of genotypic statistics using the E1 gene and the molecular epidemiology window (MEW)

Intergenotypic distance™

Intragenotypic distances™

G+C Transition/ Mean RGI RGII
Window content” transversion® Range Mean RGI vs RGII Range Mean Range Mean
El 66.6 6.34 0.08~10.32 4.92 7.28 0.08~5.75 3.55 0~7.95 5.66
MEW 66.1 6.15 0~11.69 4.97 8.32 0~5.97 3.49 0~8.71 6.61

“Statistics were determined from all sequences listed in Table 1.

"The range and mean of genetic distances (% difference) were determined by using all sequences. The mean rubella genotype I (RGI) vs. RGII was determined from all of

the pairwise RGI-RGII combinations.

“The range and mean of genetic distances were determined for RGI and RGII viruses separately.
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branch that contained viruses at the base of the Europe
branch defined in the previous study and a novel branch
consisting of two viruses from China (1999). In the case of
viruses from Europe, with a larger number of viruses rep-
resenting a longer time span, these viruses belonged to two
branches, the second of which divided into two sub-
branches. The RGI viruses from Israel were related to the
European viruses and fit into the temporal pattern of isola-
tion of the European viruses. The temporal pattern of isola-
tion of viruses in the European branches and sub-branches
(19721991, 1986-1994, and 1991-1998) indicated that
temporal displacement of genotypic groups occurred, as
had been noted in our previous study on viruses from Italy
(9). These European branches and sub-branches have been
more recently displaced by the International 1997-2000
sub-branch of the Japan-Hong Kong branch. The addition
of viruses isolated recently in the United States (10) clari-
fied that the US-Japan branch in the previous study (8) was
a United States branch, viruses from which, when trans-
ported to Japan, caused an outbreak in 1991. Viruses in the
USA 1990-2000 branch were related to the limited num-
ber of viruses available from Latin America.

The branch termed a Japan-Hong Kong branch in our
earlier study (8) contained viruses from Japan and Hong
Kong isolated between 1976 and 1991. Ten representative
viruses were selected from that branch for this study,
including 2 viruses from Japan (1976 and 1977) and 1
virus from Hong Kong (1985) that grouped at the base of
the branch as well as several viruses from Japan
(1987—-1991) that formed a sub-branch. This branch was
expanded by the addition of four sub-branches containing
viruses from New Zealand, 1991; Japan and Korea,
1994-1996; Japan and the Philippines, 1997; and an inter-
national sub-branch that contained viruses associated with
epidemics and outbreaks in Europe and the United States
during 1997 to 2000 that were unrelated to viruses previ-
ously isolated from those regions. Recent evidence indi-
cates that these viruses are closely related to viruses from
China (Z. Zhen et al., unpub. data). Thus, the appearance
of this sub-branch in Europe and the United States was
likely due to intercontinental transport. Considering that
viruses from this sub-branch have been predominant in
Europe since 1997 and have been one of the two genoty-
pic groups isolated recently in the United States (USA
1990-2000 is the other), an international genotypic branch
of rubella virus appears to have emerged after a ~20-year
hiatus since the previous demonstrable international
branch. Along with this branch, the two other currently
active branches are the USA 1990-2000 branch and the
China 1999 branch, only represented by two viruses from
the collection used in this study.

With its expanded virus collection, this study demon-
strates that RGI rubella virus isolates segregate into dis-
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crete subgenotypic groups (i.e., branches) that exhibit geo-
graphic and temporal consistency. These groups could pro-
vide the basis for a standard classification scheme, as has
been developed for other viruses. In this study, the number
of available RGII viruses also increased to 14 in contrast to
the 3 available in the previous analysis; the RGII viruses
segregated into three discrete clusters (RGIIA, RGIIB, and
RGIIC). RGI viruses formed a discrete cluster clearly dis-
tinguishable from the most closely related RGII cluster
(RGIIB) with no indication of intermediate viruses. The
maximum diversity within RGI was 5.8%, and RGI viruses
were an average of >7% different from the RGII viruses
(Table 2); when one considers the extensive nature of the
RGI virus collection, this is a working definition of a
rubella virus genotype. RGII was originally defined to
contain a limited number of sequences (three) that distinc-
tly differed from the RGI viruses that made up most of the
collection (8). The sequences in each of the RGII clusters
vary by up to 5.4%, and the average distance between
viruses in each of the clusters is >7% (Table 2). Thus, each
of these clusters could represent a genotype. This hypoth-
esis is strengthened by a histogram of the intersequence
distances that show a bimodal distribution with peaks from
0.5%-6.0% to 6.5%-11.0%, corresponding to intra- and
intergenotypic distances (Figure 3). The bimodal distribu-
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Figure 3. Histogram of genetic distances between rubella virus
sequences. The histogram, showing the distribution of all of the
pairwise distances between the rubella virus sequences in the
study, was constructed from the maximum likelihood distance
matrix computed by Tree Puzzle 5.0 program
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tion also indicated equivalency of genotypic groups (24).
However, in light of the limited number of RGII speci-
mens, more specimens are needed to fully characterize the
extent of the diversity within non-RGI viruses, and criteria
need to be established for definition of additional geno-
types. In this regard, as represented by the viruses in this
collection, only one of the RGII clusters (RGIIA) has been
repeatedly active in the past decade. However, viruses
belonging to the RGII C cluster (China) have been recently
isolated (Z. Zhen et al., unpub. data).

Figure 4 shows the countries from which RGI and RGII
viruses have been isolated. RGII has not been isolated
from an indigenous case outside of the Eastern
Hemisphere. Only RGI viruses have been isolated from the
United Kingdom, Belgium, Germany, Japan, and New
Zealand; other studies have shown RGI viruses in Brazil
(10) and Greece (23). Only RGII viruses have been isolat-
ed from India, and both genotypes have been isolated from
Russia, Italy, Israel, China, and Korea. In Italy and Korea,
the two genotypes were isolated in the same year. In both
Italy and Israel, isolation of RGII viruses was only during
a single year. By contrast, RGI viruses were isolated in
both previous and subsequent years. This finding indicates
that these RGII viruses were imports, although the relative
distant relatedness of the two Italy isolates suggests at least
two importation events, albeit in a single year (9). In
China, RGII viruses were isolated in 1979 and 1980; the
most recent isolates (1999) were RGI, although RGIIC
viruses were recently isolated (Z. Zhen et al., unpub. data).
These data indicate that RGI has a wider worldwide distri-
bution than does RGII and that in much of the world RGI
is the sole genotype. Recent RGII activity is confined to

B RGI
B rai
B RGI+RaGI

Figure 4. Distribution of rubella genotypes.
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Asia and overlaps with RGI; however, the dataset from
areas in which RGII viruses appear to circulate is limited.
Additionally, as shown in Figure 4, large regions of the
world remain to be sampled to complete the rubella virus
genotypic picture.
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Risk Factors for Marburg
Hemorrhagic Fever, Democratic
Republic of the Congo

Daniel G. Bausch,*! Matthias Borchert,12 Thomas Grein,} Cathy Roth,} Robert Swanepoel,§
Modeste L. Libande,{| Antoine Talarmin,#® Eric Bertherat,**4 Jean-Jacques Muyembe-Tamfum,|
Ben Tugume,it Robert Colebunders,t Kader M. Kondé,}$5 Patricia Pirard,§§ Loku L. Olinda,q

Guénaél R. Rodier,t Patricia Campbell [ Oyewale Tomori,ff Thomas G. Ksiazek,*
and Pierre E. Rollin*

We conducted two antibody surveys to assess risk fac-
tors for Marburg hemorrhagic fever in an area of confirmed
Marburg virus transmission in the Democratic Republic of
the Congo. Questionnaires were administered and serum
samples tested for Marburg-specific antibodies by enzyme-
linked immunosorbent assay. Fifteen (2%) of 912 partici-
pants in a general village cross-sectional antibody survey
were positive for Marburg immunoglobulin G antibody.
Thirteen (87%) of these 15 were men who worked in the
local gold mines. Working as a miner (odds ratio [OR] 13.9,
95% confidence interval [CI] 3.1 to 62.1) and receiving
injections (OR 7.4, 95% CIl 1.6 to 33.2) were associated
with a positive antibody result. All 103 participants in a tar-
geted antibody survey of healthcare workers were antibody
negative. Primary transmission of Marburg virus to humans
likely occurred via exposure to a still unidentified reservoir
in the local mines. Secondary transmission appears to be
less common with Marburg virus than with Ebola virus, the
other known filovirus.

Marburg hemorrhagic fever (MHF) is a severe illness
caused by Marburg virus, a member of the
Filoviridae family. MHF was first described in 1967 dur-
ing outbreaks in Germany and the former Yugoslavia that
were linked to monkeys imported from Uganda (1-3).
Since then, only a few sporadic cases in East Africa and
southern Africa and one laboratory infection have been

*Centers for Disease Control and Prevention, Atlanta Georgia,
USA; tinstitute of Tropical Medicine, Antwerp, Belgium; $World
Health Organization, Geneva, Switzerland; §National Institute for
Communicable Diseases, Johannesburg, South Africa; Ministry
of Health, Kinshasa, Democratic Republic of the Congo; #Institut
Pasteur, Cayenne, French Guiana; **Le Pharo, Marseille, France;
ttUganda Virus Research Institute, Entebbe, Uganda; $fWorld
Health Organization, AFRO, Harare, Zimbabwe; §§Doctors with-
out Borders, Brussels, Belgium; and {[{[Doctors without Borders,
Amsterdam, the Netherlands
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identified (4-7). Serosurveys for Marburg antibodies in the
general population generally have shown prevalences of
<2%, indicating it to be a rare and highly lethal disease
(8-295).

The largest outbreak of MHF recorded to date began in
late 1998 in northeastern Democratic Republic of the
Congo (DRC) (26,27). Although the remoteness of the area
and the civil war in eastern DRC delayed access and eval-
uation, in May 1999 a team of international investigators
identified 73 cases (8 laboratory-confirmed and 65 sus-
pected cases retrospectively identified) (28). Follow-up
surveillance subsequently identified >150 cases through
December 2000.

The natural reservoir for Marburg virus remains
unknown, although it is presumed to be of zoonotic origin.
Primary transmission of the virus from the natural reser-
voir appears to occur only in sub-Saharan Africa and is
sometimes followed by secondary person-to-person trans-
mission in both community and nosocomial settings
(4-6,29). Because of the disease’s rarity and lethality, risk
factors for transmission of Marburg virus have not been
extensively investigated. We therefore performed two anti-
body surveys in the wake of the 1998-99 outbreak in DRC
to explore risk factors for Marburg virus exposure and
transmission. One antibody survey was a cross-sectional
study of the general village populations; the other was a
focused investigation of healthcare workers (HCWs).
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Medicine, New Orleans, LA, USA.

2Present address: London School of Hygiene and Tropical Medicine,
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3Present address: Institut Pasteur, Bangui, Central African Republic.
4Present address: World Health Organization, Geneva, Switzerland.
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Methods

Area of Study

The studies we describe were performed as an adjunct
to the investigation of an outbreak of MHF in May 1999.
The epicenter of the outbreak was the village of Durba in
the Haut-U¢l¢é District, Oriental Province, in northeastern
DRC, an isolated region approximately 200 km from the
borders of Uganda and Sudan (Figure). Although no offi-
cial population count for Durba is available, unofficial
estimates are approximately 25,000. Watsa, a larger town
of approximately 60,000 and the administrative seat of the
zone, lies 14 km away. Although the Yogo ethnic group
predominates, the population of Durba/Watsa is quite het-
erogeneous, as many people have migrated to the area to
work in the local gold mines. Most are Catholic. The area
has had intermittent armed conflict since the beginning of
the Congolese civil war in 1996, a situation that has
severely limited travel and economic growth.

The livelihood of most of the population in the
Durba/Watsa area is associated with gold mining, conduc-
ted almost exclusively by young men and most often with-
out professional training or equipment. Some older men,
women, and children are involved in the extraction of gold
from ore and its sale. Subsistence farming and hunting are
also common. Although various mines exist in the area,
most mining appears to take place in the Goroumbwa mine
a few kilometers from the village of Durba. In addition,
some miners dive in local rivers in search of gold. The
existence of a hemorrhagic illness in the region appeared
to be common knowledge and was labeled “Durba hemor-
rhagic syndrome” or “Durba syndrome” by the villagers,
who often associated it with working in the mines.

Because of the remoteness of the region and the war,
supplies are severely limited in all the health facilities in
the region. The major facility in Durba is a small rudimen-
tary government health center staffed by a few nurses. In
Watsa, there is a larger government hospital, a hospital
affiliated with the mining company, and two government
health centers. In addition, at least 14 small private health
centers operate collectively in Durba and Watsa.

Study Population

Two surveys were undertaken. The first was a cross-
sectional survey on a convenience sample of the general
population of Durba township. It was performed by estab-
lishing a post in the center of the village. With the aid of
local HCWs and a village loud-speaker system, residents
of sequential “quartiers” of the village were requested to
come for evaluation over a 3-day period. Persons <15
years of age were excluded. The second survey focused on
HCWs at all health centers in Durba and Watsa. All HCWs
were surveyed at their place of employment.

1532

N
\

T-I\ J

g

Wi

Democratic Republic
of the Congo

PP S S )
L SR A B / RJ

1 S ¢ IMJ-5 i

\ 4 ?\u-_L.'

IJ‘_‘M‘}J.[\-\_,_F\ |

~
Figure. Map of the Democratic Republic of the Congo indicating
the neighboring villages of Durba and Watsa, the epicenter of the
1998-1999 outbreak of Marburg hemorrhagic fever.

Questionnaire

The rationale for conducting the study was explained to
all participants, and verbal consent was obtained.
Questionnaires were pretested on local villagers not
included in the final study. For the general population, a 2-
page questionnaire was administered. Supervisors at the
local mining company were consulted about appropriate
questions regarding exposures in the mines. Persons were
first evaluated by local village HCWs, who determined
their ability to speak and understand French. If deemed
able to do so, the person was then interviewed by either a
local HCW or a French-speaking member of the interna-
tional investigative team. For those persons who did not
understand French, the questionnaire was administered by
a local HCW in the appropriate local language.
Participants were asked about their entry into and activities
within the mines, exposures to persons presumably sick
with Durba syndrome (defined as a severe illness with high
fever and bleeding from the nose, mouth, and/or anus) in
the hospital and at home, and exposures to various animals
thought to possibly transmit Marburg virus (rodents, bats,
and monkeys). Participants were given a small bag of
peanuts as a token of appreciation for their cooperation.

For the study of HCWs, a 1-page questionnaire was
administered; HCWs were asked about exposure to per-
sons with suspected Durba syndrome at work and at home,
as well as any history of a compatible illness in the HCWs
themselves. HCWs were also asked if they had ever
entered the mines. Interviews were conducted in French.

Phlebotomy and Serologic Testing
After administration of the questionnaire, 5 mL of
blood was obtained and stored out of the sunlight. At the
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end of the day, the serum and clot were separated, labeled,
and stored in liquid nitrogen. Aliquots were sent on dry ice
for analysis at both the Centers for Disease Control and
Prevention (CDC) in Atlanta, Georgia, USA, and the
National Institute for Communicable Diseases in
Johannesburg, South Africa.

Testing for Marburg-specific immunoglobulin (Ig) M
and IgG antibodies by the enzyme-linked immunosorbent
assay (ELISA) was conducted with a technique analogous
to that reported for detecting antibody to Ebola virus,
except for the substitution of an antigen made from the
Musoke strain of Marburg virus (30,31). The cut-off value
for a positive ELISA result was set to 3 standard devia-
tions from the mean control-adjusted optical density (OD)
0f 410 nm found on a panel of normal serum samples. This
value generally corresponds to an OD of approximately
0.1 at a dilution of 1:100 for the IgM assay, and 0.2 at
1:400 for the IgG assay, which generally has a higher
background. Positive and negative controls were included
with each run and consisted of serum from African
patients with and without a laboratory-confirmed history
of MHF. Because the rarity of MHF has precluded rigor-
ous field testing of the ELISA for Marburg antibody, all
ELISA-positive serum samples were also examined by the
immunofluorescent antibody assay (IFA), as previously
described (32). The cut-off titer for a positive IFA result
was 1:50. Serum samples were considered positive only if
positive results were obtained by both ELISA and IFA.
Study participants were directed to seek the serologic
results (free of charge) 1 month after testing from the
nurse in charge of the local health center. The nurse was
provided the results along with details on how to interpret
antibody status.

Data Analysis

Questionnaires were created by using Epilnfo version
6.04 (CDC, Atlanta, GA). Data were initially recorded on
the questionnaires by hand, then entered into Epilnfo 6.04,
and finally imported into SPSS version 10.0 statistical
software (SPSS, Chicago, IL) for further analysis. The chi-
square test, Fisher exact test, and Student t test with
Levene’s test for equality of variances were employed,
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where appropriate. Data found to be non-normally distrib-
uted were normalized by a log 10 transformation before
statistical analysis. Statistical tests were two-sided, and
significance was set at p < 0.05. Variables with signifi-
cance values of p < 0.1 in the univariate analysis were
examined in a multivariate model using forward stepwise
maximum likelihood logistic regression.

Results

General Population

A total of 912 participants were surveyed. Another
seven persons were initially enrolled but did not stay to
complete their questionnaires or to have a blood sample
drawn. No further information is available regarding these
seven or their reasons for withdrawal. Demographic data
are presented in Table 1. Since the gold deposits in Durba
attract young male miners from the surrounding region,
most participants were men (65%), and 347 (38%) listed
their occupation as miner, although only 281 (81%) of
these 347 were currently working in the mines. Virtually
all (99%) of the miners were male. Marburg-specific IgG
antibodies were found in 15 (2%) of the 912 study partici-
pants. All were IgM antibody—negative. Thirteen (87%) of
the 15 IgG antibody—positive participants were male min-
ers. The other two were women who had never entered into
the mines and whose profession was listed as “other”
(most likely housewives).

All 13 of the antibody-positive miners were currently
working: 10 (77%) at Goroumbwa, 2 (15%) at another
mine in Durba, and 1 (8%) at an unspecified site. None
reported river-diving for gold. Compared with those who
were antibody-negative, antibody-positive miners tended
to have worked fewer years at their present mine site but to
have spent more time in the mines, although the differ-
ences were not statistically significant (Table 2). Antibody-
positive miners were significantly younger than their anti-
body-negative counterparts (Table 1). This finding perhaps
reflects the longer exposure time in the mines of younger
miners (age <30 years) relative to older miners (mean +
standard error of the mean [SEM] consecutive hours per
week 17.7 £ 1.2 vs. 13.7 + 1.3, respectively, p = 0.006;

Table 1. Demographic characteristics and Marburg immunoglobulin G antibody results of the study population in Durba, Democratic

Republic of the Congo, 1999°

All participants IgG antibody 1gG antibody

Characteristic n=912 (%) positive n =15 (%) negative n = 897 (%) OR (95% CI) p value
Male 594 (65) 13 (87) 581 (65) 3.5(0.8t0 15.4) 0.10
Mean age, y (range) 31 (14-79) 27 (21-42) 31 (14-79) - 0.04
Profession -

Miner 347 (38) 13 (87) 334 (37) 11.0 (2.5 t0 48.9) <0.001

Merchant 141 (15) 0(-) 141 (16) - 0.15

Other/unknown 424 (46) 2 (13) 422 (47)
?Odds ratios (OR) and p values are for the comparison between antibody-positive and -negative participants. CI, confidence interval; Ig, immunoglobulin.
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Table 2. Duration of time spent working in mines and Marburg immunoglobulin G antibody status among 281 active miners in Durba,

Democratic Republic of the Congo, 1999

Time in mines Antibody positive (+ SEM) (n=13) Antibody negative (+ SEM) (n = 268) p value
At present mine site (y) 6.6+ 1.0 10.3+0.6 0.52
Usual h/wk working in mine 582+92 495+1.7 0.36
Usual h in mine without exiting 242+ 6.1 16.0+0.9 0.07
Longest stint in mine (h) 38.8+10.2 288+ 1.8 0.16

mean = SEM longest stint: 34.7 + 2.3 vs. 23.5 + 2.1,
respectively, p < 0.001).

We examined associations between antibody to
Marburg virus and various practices while working in the
mines, as well as exposures related to sick persons in the
home, healthcare services, and animals. In a univariate
analysis, significant positive associations were found
with having touched the corpse of someone who died
from Durba syndrome, having had Durba syndrome one-
self, and having received injections in the past year (Table
3). Touching the blood, feces, or urine of someone with
Durba syndrome was of borderline statistical signifi-
cance. Consumption of rodents was associated with a bor-
derline significant protective effect, which was probably
a spurious association. Of the four antibody-positive sur-
vey participants who said they had had Durba syndrome
themselves, three dated the illness to the 5 months imme-
diately before the study. The fourth, although uncertain,
dated his illness to September 1998, 9 months before the
investigation.

Receiving an injection as part of medical treatment was
common in Durba: 505 (56%) of 907 of the participants in
our cross-sectional village survey reported receiving an
injection in the previous year, including 13 (87%) of the 15
antibody-positive participants (11 miners and both female
nonminers). Overall, however, receiving injections was
significantly more common among nonminers than miners
(62 [368/596] vs. 47 [162/348], respectively, OR 1.9, 95%
CI 1.4 to 2.4, p < 0.001) and among women than men
(71% [221/312] vs. 49% [305/626], respectively, OR 2.6,
95% CI 1.9 to 3.4, p < 0.001).

In a multivariate model, the only variables that
remained significantly associated with a positive Marburg
antibody result were being a miner (OR 13.8, 95% CI 3.1
to 62.1) and having received injections (OR 7.4, 95% CI
1.6 to 33.2). Having previously had Durba syndrome was
not added to the model, as it was not an independent risk
factor for acquiring MHF. The associations between
Marburg antibody, mining, and receiving injections
remained essentially unaltered when men were looked at
independently. The number of antibody-positive women
(two) was too small to permit meaningful statistical analy-
sis. However, both positive women were among the rela-
tively few survey participants with extensive secondary
contact in the household. Both reported having someone in
the household sick with Durba syndrome, having contact
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with their body fluids, and participating in their burial,
although only one of the two women reported direct con-
tact with the corpse. In contrast, 4 (31%) of the 13 anti-
body-positive male miners reported any type of household
exposure.

Healthcare Workers

One hundred three HCWs were enrolled from 15 differ-
ent health centers, including 73 (71%) nurses, 13 (13%)
clerical or administrative staff, 10 (10%) midwives, 5 (5%)
laboratory workers, and 2 (2%) doctors. These figures are
thought to represent virtually all of the active HCWs in the
two villages except those practicing traditional medicine.
HCWs had a mean of 9 years (range 0—42) of experience.
All were negative for both Marburg IgM and IgG antibod-
ies, despite the fact that 67 (65%) reported caring for a
patient with Durba syndrome, and 5 (5%) reported having
had Durba syndrome themselves. Types of patient contact
included administering injections (38%); cleaning up
blood, vomitus, urine, or feces (28%); washing bed clothes
(7%); washing corpses (6%); and receiving a needlestick
injury (2%).

Discussion

Despite conclusive evidence of circulation of Marburg
virus in the Durba/Watsa area in the months and years pre-
ceding our antibody surveys, we found few persons with
serologic evidence of previous infection (26,27). This like-
ly reflects a combination of the rarity of MHF and the high
case-fatality ratio (83%) associated with the disease in
Durba/Watsa, leaving few survivors for study.

Most previous observations on risk factors for MHF
have been of an anecdotal nature. Despite the small num-
ber of antibody-positive survey participants found in
Durba, we were able to systematically identify and quan-
tify several risk factors for MHF. The preponderance of
antibody in male miners without obvious evidence for per-
son-to-person transmission suggests that the local mines
are a site of primary infection with Marburg virus, most
likely through exposure to the primary zoonotic reservoir.
Various previous findings support the conclusion of an
association between MHF and exposure in mines and
caves, including the following: 1) most cases of MHF
identified in Durba/Watsa through December 2000
occurred in miners (J.J. Muyembe-Tamfum et al., unpub.
data); 2) molecular epidemiologic data demonstrate the
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Table 3. Antibody to Marburg virus and possible risk factors for Marburg hemorrhagic fever in Durba, Democratic Republic of the

Congo, 1999%

All participants Antibody Antibody
Characteristic (%) positive (%) negative (%) OR (95% CI) p value
Behavior in the mines®
Wear mask 4/289 (1) 1/13 (8) 3/276 (1) 7.6 (0.to 78.4) 0.17
Drink water from sources in the mine 160/289 (55) 9/13 (69) 151/276 (55) 1.9 (0.6 t0 6.2) 0.40
Use explosives 129/289 (45) 7/13 (54) 122/276 (44) 1.5(0.5t04.5) 0.57
Wear boots 46/289 (16) 2/13 (15) 44/276 (16) 1.0 (0.2 to 4.5) 1.00
Household/village exposures to someone with Durba syndrome*
Touched corpse 88/905 (10) 4/15(27) 84/890 (9) 35(1.1t011.2) 0.05
Touched blood, feces, or urine 60/903 (7) 3/15 (20) 57/888 (6) 3.6 (1.0t0 13.3) 0.07
Worked with someone with syndrome 248/906 (27) 7/15 (47) 241/891 (27) 2.4 (0.8 t0 6.6) 0.15
Been in the same room with someone with syndrome 179/902 (20) 4/15 (27) 175/887 (20) 1.5(0.5t04.7) 0.51
Touched skin of person during illness 286/903 (32) 6/15 (40) 280/888 (32) 14(0.5t04.1) 0.58
Someone in the household sick with syndrome 210/906 (23) 4/15 (27) 206/891 (23) 1.2 (0.4 t0 3.8) 0.76
Participated in burial 393/904 (43) 6/15 (40) 387/889 (44) 0.9 (0.3t02.5) 1.00
Healthcare-related exposures
Had Durba syndrome yourself 60/912 (7) 4/15 (27) 56/897 (6) 54 (1.7t017.7) 0.01
Received injections in the last year 505/907 (56) 13/15 (87) 492/892 (55) 5.2 (1.2t023.6) 0.02
Underwent surgery in the last year 85/905 (9) 2/15 (13) 83/890 (9) 1.5(0.3t06.7) 0.64
Received scarification’ in the last year 209/906 (23) 4/15 (27) 205/891 (23) 1.2(0.4t03.9) 0.76
Animal exposures
Rodents
Touched 437/897 (49) 4/14 (29) 433/883 (49) 0.4 (0.1t0 1.3) 0.18
Ate 271/892 (30) 1/15(7) 270/877 (31) 0.2(0.0to 1.2) 0.05
Bitten by 200/896 (22) 3/15 (20) 197/881 (22) 0.9(0.2t03.1) 1.00
Bats
Touched 169/901 (19) 4/14 (29) 165/887 (19) 1.8 (0.5 t0 5.6) 0.31
Ate 31/898 (3) 0/15 (-) 31/883 (4) - 1.00
Bitten by 8/896 (1) 0/15 (-) 8/881 (1) - 1.00
Monkeys
Touched 502/892 (56) 6/14 (43) 496/878 (57) 0.6 (0.2to0 1.7) 0.42
Ate® 682/895 (76) 11/14 (79) 671/881 (76) 1.1(0.3t04.2) 1.00
Bitten by 76/895 (8) 1/15(7) 75/880 (9) 0.8 (0.1t05.9) 1.00

?0dds ratios (OR) and p values are for the comparison between antibody-positive and -negative participants. CI, confidence interval.

"Includes only responses from persons who stated that they currently worked in the mines.

“Before questioning began, Durba syndrome was described to the participant as “a severe illness with high fever and bleeding from the nose, mouth, and/or anus.”
dScarification is the practice of intentionally scarring the skin with sharp instruments. It may be done for aesthetic reasons or because of a belief that it has medicinal or

spiritual value.

“Many participants reported the meat was smoked or cured at the time of purchase, so potential exposure to viable virus may have been limited.

circulation of numerous distinct genotypes of Marburg
virus in Durba/Watsa, consistent with multiple parallel pri-
mary introductions rather than a single one amplified by
secondary spread (R. Swanepoel et al., unpub. data); and
3) previous cases of MHF have been associated with entry
into caves (5,6).

As expected, close contact with case-patients with
MHEF or corpses were risk factors for secondary transmis-
sion of Marburg virus. Although injection with contami-
nated syringes has been previously shown to be associated
with filovirus transmission, the retrospective nature of our
study makes it impossible to discern whether the use of
Marburg virus-contaminated syringes resulted in virus
transmission in Durba/Watsa or whether patients sick with
MHEF, usually a severe disease, were simply more likely to
seek and receive medical care, including injections
(33,34). That the general profile of the antibody-positive
persons who received injections (male miners) contrasted

with that of the general population (female, nonminer)
suggests that the latter explanation may be more likely.

Although at least seven HCW infections have been con-
firmed in Durba/Watsa since 1998, we found no antibody-
positive HCWs, despite what would appear to be frequent
high-risk exposures (35, J.J. Muyembe-Tamfum et al.,
unpub. data). The high case-fatality ratio may again
explain the absence of antibody-positive HCWs, although
historical review does not suggest the existence of previ-
ous large nosocomial epidemics in Durba/Watsa (D.
Bausch et al., unpub. data). Sound barrier nursing practices
on behalf of local HCWs may have helped prevent noso-
comial transmission but, given the severely limited avail-
ability of protective material in the area, this is unlikely to
be the sole explanation.

The low prevalence of Marburg antibody found in
Durba/Watsa, despite what would be considered signifi-
cant risk factors for person-to-person transmission, sug-

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 9, No. 12, December 2003 1535



RESEARCH

gests that secondary transmission of Marburg virus may be
relatively infrequent compared with transmission of the
other known member of the filovirus family, Ebola virus.
In contrast to Ebola hemorrhagic fever (33,34), no large
nosocomially amplified outbreaks of MHF have been
noted. Only six secondary infections (five nosocomial and
one sexually transmitted) were noted of the 32 cases
reported during the original MHF outbreak in 1967 in
Europe, despite the fact that the etiologic agent was
unknown at the time of the outbreak and thus appropriate
barrier nursing measures were unlikely to have been rap-
idly implemented (1-3,36-38). Smith et al. reported that
1 of 207 close contacts of a case-patient with MHF con-
tracted the virus (5). Neither MHF nor antibody devel-
oped in a nurse in Durba who suffered a needlestick injury
while caring for a case-patient with laboratory-confirmed
and subsequently fatal MHF during the 1999 outbreak in
DRC; however, the needle and IV line may have been
flushed before the accident. Finally, immunohistochemi-
cal studies of skin biopsy specimens from patients with
fatal MHF generally show that Marburg virus antigen is
more sparsely distributed relative to Ebola antigen in fatal
cases of Ebola hemorrhagic fever, which suggests that
there may be less cutaneous shedding of Marburg virus
and thus lower person-to-person communicability in
MHF (S. Zaki et al., pers. commun.).

Our study had several limitations. As participants were
not randomly selected, disproportionate participation from
specific subpopulations could have skewed our results.
Selective participation could have occurred because of fear
of stigmatization or selective migrations of persons into or
out of Durba/Watsa. Social stigmas could have also result-
ed in recall bias. The small number of Marburg
antibody—positive participants limits our statistical power
to identify all possible risk factors for MHF. Although
ELISA testing for Marburg antibody has not undergone
rigorous field testing, we believe that our conservative cri-
terion of positive results on both ELISA and IFA for a par-
ticipant to be considered Marburg antibody—positive lends
credence to our conclusions. The precise duration of anti-
body persistence after Marburg infection is unknown for
both tests. If reversion to antibody-negative status appears
after a relatively short time, some previously infected per-
sons may have escaped detection. However, most of the
aforementioned limitations would likely result in false-
negative results, with the ultimate effect of underestimat-
ing the magnitude of any recognized associations.

In defining risk factors for primary transmission of
Marburg virus in Durba/Watsa, our study helps orient the
hunt for the reservoir for the filoviruses. If primary infec-
tion to humans is indeed occurring in the mines around
Durba/Watsa, future investigations of the reservoir for
Marburg virus should focus on fauna present in such habi-
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tats. Bats, rodents, arthropods, and plant life within
cave/mine habitats would be the prime suspects. Samples
taken from small mammals captured in and around mines
in Durba are being analyzed for possible Marburg virus
infection (R. Swanepoel, pers. commun.). Only a combina-
tion of the use of epidemiologic and epizootiologic inves-
tigations along with direct observations made during
outbreaks is likely to shed light on the still-cryptic natural
history of the filoviruses.
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Intensity of Rainfall and Severity of
Melioidosis, Australia

Bart J. Currie* and Susan P. Jacups*

In a 12-year prospective study of 318 culture-con-
firmed cases of melioidosis from the Top End of the
Northern Territory of Australia, rainfall data for individual
patient locations were correlated with patient risk factors,
clinical parameters, and outcomes. Median rainfall in the 14
days before admission was highest (211 mm) for those
dying with melioidosis, in comparison to 110 mm for those
surviving (p = 0.0002). Median 14-day rainfall was also sig-
nificantly higher for those with pneumonia. On univariate
analysis, a prior 14-day rainfall of 2125 mm was significant-
ly correlated with pneumonia (odds ratio [OR] 1.70 [confi-
dence interval [CI] 1.09 to 2.65]), bacteremia (OR 1.93
[CI 1.24 to 3.02]), septic shock (OR 1.94 [CI 1.14 to 3.29]),
and death (OR 2.50 [Cl 1.36 to 4.57]). On multivariate
analysis, rainfall in the 14 days before admission was an
independent risk factor for pneumonia (p = 0.023), bac-
teremic pneumonia (p = 0.001), septic shock (p = 0.005),
and death (p < 0.0001). Heavy monsoonal rains and winds
may cause a shift towards inhalation of Burkholderia
pseudomallei.

Melioidosis, infection with Burkholderia pseudomallei,
is endemic in Southeast Asia and northern Australia
(1). Within the disease-endemic region, reported incidence
has been increasing; melioidosis is now recognized as the
most common cause of severe community-acquired sepsis
in parts of northeast Thailand (2) and the most common
cause of fatal community-acquired bacteremic pneumonia
in the tropical “Top End” of the Northern Territory of
Australia (3). The recognized endemic region for melioido-
sis has also been expanding, with recent reports from
Taiwan (4), China, and India (1). Sporadic foci of melioido-
sis have occurred in temperate locations, possibly resulting
from introduced infection (1,5). Melioidosis is also an
important infection to consider in travelers returning from a
disease-endemic region (6,7). While most cases are from
recent infection with B. pseudomallei, latency is well rec-
ognized, and disease has occurred up to 29 years after a per-
son has left a melioidosis-endemic area (8).

*Menzies School of Health Research and Flinders University,
Darwin Northern Territory, Australia
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The association between rainfall and melioidosis has
long been recognized, with 75% and 85% of cases occur-
ring in the wet season in northeast Thailand (9) and north-
ern Australia (3), respectively. In both regions, the number
of seasonal cases correlates with total rainfall.

B. pseudomallei is an environmental bacterium of soil
and surface water in disease-endemic locations. We have
previously documented the incubation period for melioi-
dosis from defined inoculating events to be 1-21 (mean 9)
days (10). While most cases are considered to be from
percutaneous inoculation (10,11), inhalation is also well
recognized as a mode of infection. We have noted that
melioidosis patients are often more severely ill after
heavy monsoonal rainfall. We now show that intensity of
rainfall is an independent predictor of melioidosis in per-
sons admitted to hospital with pneumonia and of death.
We postulate that heavy rainfall results in a shift towards
inhalation as the mode of infection with B. pseudomallei,
which leads to more severe illness.

Methods

Patients

The Darwin prospective melioidosis study has docu-
mented 318 culture-confirmed cases of melioidosis that
occurred in the Top End of the Northern Territory in the
12 years from October 1989 until October 2001. Patient
data are stored using Oracle software, version 8.0.4
(Oracle, North Sydney, Australia). Patient variables, as
defined previously (3), include age, sex, ethnicity (aborig-
inal, non-aboriginal), location, and risk factors, including
diabetes, alcohol excess, chronic lung disease, smoking,
chronic renal disease, and kava use. Clinical parameters
include nature of primary melioidosis signs and symp-
toms (pneumonia, other), presence of bacteremia, septic
shock (presence of hypotension not responsive to fluid
replacement together with hypoperfusion abnormalities
manifest as end organ dysfunction) (12), and outcome
(death, survival).
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Rainfall Data

The Top End covers 516,945 km?. Daily rainfall data
from 12 recording stations, located throughout the region
and including major remote aboriginal communities, were
provided by the Bureau of Meteorology in Darwin. From
these data we calculated the rainfall at each patient’s loca-
tion for defined periods before date of admission. Given a
mean incubation period of 9 days for acute melioidosis, we
used rainfall in the 14 days before admission for each
patient (14-day rainfall) to broadly reflect the rainfall
exposure around the infecting event.

Statistical Analysis

Statistical analyses were performed by using Inter-
cooled STATA 7.0 (Stata, College Station, TX). Initially,
median 14-day rainfall was compared for patient variables
and clinical parameters. Analysis by t tests was performed
after the rainfall data were normalized by using square root
transformation. Subsequently, univariate and multivariate
analysis was performed with the outcomes being the vari-
ous clinical parameters. Categorical variables included
were age (<45 years, 245 years), sex, ethnicity, diabetes,
alcohol excess, chronic lung disease, smoking, chronic
renal disease, kava use, absence of any risk factors (those
listed above or age 245 years or cardiac failure, malignan-
cy, or immunosuppressive therapy) and 14-day rainfall
(<125 mm, 2125 mm). Separate multivariate analysis was
also performed with normalized 14-day rainfall data as a
continuous variable. All logistic regressions were per-
formed by using stepwise forwards technique to find the
most parsimonious and significant model.

Results

The Figure shows the close association between total
monthly rainfall, as recorded at Darwin Airport, and the
number of cases of melioidosis in the Top End for each
month during the 12 years. The correlation between month-
ly cases of melioidosis and rainfall at Darwin Airport in the
preceding calendar month (r = 0.617; p < 0.0001) was
slightly tighter than the correlation with rainfall in the con-
current month (r = 0.574).
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Figure. Monthly rainfall and melioidosis cases during 12- year
study period, Australia.

Table 1 shows the median 14-day rainfall correlation
with various risk factors, clinical signs and symptoms, and
outcomes. The correlation with median 14-day rainfall was
significantly higher for patients with pneumonia, those
with bacteremia and septic shock, and those who died. For
those patients with pneumonia, correlation with median
14-day rainfall was significantly higher if they were bac-
teremic. Patients with diabetes, alcohol excess, and chron-
ic renal disease were all associated with significantly high-
er median 14-day rainfall; correlation with 14-day rainfall
did not significantly differ for age, sex, ethnicity, chronic
lung disease, and smoking (data not shown).

Table 2 shows that, on univariate analysis, 14-day rain-
fall 2125 mm correlated significantly with primary symp-
toms of pneumonia, bacteremia, and septic shock, and with
death. Table 3 shows independent predictors of clinical
signs and symptoms and outcome when multivariate
analysis with 14-day rainfall as a categorical variable was
used. When 14-day rainfall was used as a continuous vari-
able, it was an independent risk factor for admission with
primary symptoms and signs of pneumonia (p = 0.023),
bacteremic pneumonia (p = 0.001), septic shock (p = 0.005),
and of death (p < 0.0001). Notably, while absence of any
risk factors was a predictor of primary signs and symptoms
other than pneumonia and of less severe disease, neither

Table 1. Prior 14-day rainfall correlations with risk factors, clinical signs and symptoms, and outcomes

Yes No
Parameter No. Median 14-d rainfall (mm) No. Median 14-d rainfall (mm) p value
Diabetes 119 174 199 102 0.002
Alcohol excess 118 132 200 116 0.043
Chronic renal disease 27 198 291 113 0.048
Pneumonia 156 161 162 105 0.001
Bacteremia 155 166 163 97 <0.0001
Pneumonia—bacteremic 86 188 70 120 0.035
Nonpneumonia—bacteremic 71 136 91 89 0.007
Septic shock 74 191 244 112 0.0008
Death 56 211 262 110 0.0002
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Table 2. Univariate analysis for correlation with prior 14-day rainfall of 2125 mm

Clinical parameter 14-d rainfall 2125 mm 14-d rainfall <125 mm Odds ratio (95% CI)* p value

Pneumonia Yes 88 68 1.70 (1.09 to 2.65) 0.019
No 70 92

Bacteremia Yes 90 65 1.93 (1.24 t0 3.02) 0.004
No 68 95

Bacteremic pneumonia Yes 53 33 1.94 (1.17 to 3.21) 0.010
No 105 127

Septic shock Yes 46 28 1.94 (1.14 to 3.29) 0.014
No 112 132

Death Yes 38 18 2.50 (1.36 to 4.57) 0.003
No 120 142

CI, confidence interval.

diabetes, alcohol excess, nor chronic renal disease was an
independent predictor of signs and symptoms, disease
severity, or death.

Discussion

Our data confirm our observations that patients admit-
ted with melioidosis 1-2 weeks after heavy monsoonal
rainfall are more ill and more likely to die. Median rainfall
in the 14 days before admission was highest (211 mm) for
those who died with melioidosis. For those admitted with
bacteremic pneumonia, prior 14-day median rainfall was
188 mm, compared with 89 mm in patients who were non-
bacteremic and did not have pneumonia. Multivariate
analysis showed that rainfall in the 14 days before admis-
sion was an independent predictor of septic shock and
death. Patients were 2.5 times more likely to die from
melioidosis if the rainfall in the 14 days before admission
was =125 mm. Overall, 68% of deaths occurred in this
high rainfall group. Furthermore, prior heavy rainfall was
an independent predictor of admission with pneumonia
rather than with no pneumonia. Patients were almost twice
as likely to have bacteremic pneumonia if the rainfall in
the 14 days before admission was =125 mm.

Earlier literature, including that involving soldiers from
the Vietnam War, suggests that inhalation is a common

mode of infection with B. pseudomallei (13,14). This sce-
nario was proposed for those exposed to dust raised by hel-
icopter rotor blades in Vietnam (15). However, recent
reviews have supported the predominant role of percuta-
neous inoculation of B. pseudomallei after exposure to
muddy soils or surface water in endemic locations
(10,11,16). Admissions with melioidosis pneumonia after
presumptive inoculating skin injuries have been docu-
mented in patients with soil-contaminated burns (17) and
are also common in our hospital (3,10). This finding sug-
gests hematogenous spread to the lung rather than inhala-
tion or spread from the upper respiratory tract. This find-
ing is analogous to postprimary tuberculosis, with disease
from hematogenous spread localizing in the upper lung
zones, where highest alveolar oxygen tension exists (18).
Moreover, septicemic melioidosis pneumonia patients are
often more systemically ill than is suggested by initial
chest x-ray, supporting the concept that bacteria spread to,
rather than from, the lung.

Even if percutaneous inoculation is more common
overall, the association of prior heavy rainfall with both
pneumonia and more severe disease may well reflect a
shift towards inhalation as the mode of acquiring
B. pseudomallei. The periods of intense monsoonal rainfall
are usually also associated with heavy winds and melioido-

Table 3. Multivariate analysis of predictors of clinical signs, symptoms, and outcome

Clinical parameter Independent predictors Odds ratio (95% CI)* p value
Pneumonia Smoking 2.51 (1.51 to 4.18) <0.0001
Prior 14-d rainfall 2125 mm 1.58 (0.96 to 2.59) 0.069
Kava use 0.28 (0.09 to 0.82) 0.020
Absence of risk factors 0.29 (0.13 to 0.66) 0.003
Bacteremic pneumonia Aboriginal ethnicity 2.28 (1.33 t0 3.90) 0.003
Prior 14-d rainfall 2125 mm 1.81 (1.06 to 3.10) 0.031
Absence of risk factors 0.06 (0.01 to 0.48) 0.007
Septic shock Prior 14-d rainfall 2125 mm 1.71 (0.99 to 2.97) 0.057
Absence of risk factors 0.07 (0.01 to 0.55) 0.011
Death Prior 14-d rainfall 2125 mm 2.48 (1.32 to 4.66) 0.005
Smoking 1.93 (1.00 to 3.72) 0.050
Absence of risk factors No deaths in this group <0.0001

CI, confidence interval.
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sis cases, and outbreaks are documented after cyclonic
winds and rain (19,20). Aerosolization of bacteria from
surface soil and water under such conditions is probable,
resulting in the potential for inhalation of B. pseudomallei.
Melioidosis following near-drowning is well recognized,
with aspiration considered the likely infecting event, fol-
lowed by pneumonia after an incubation period as short as
2 days (21-23).

That melioidosis can potentially be more severe after
inhalation than after percutaneous inoculation is not sur-
prising. This finding is well recognized for anthrax,
plague, and tularemia and has implications for biological
warfare considerations (24-26). However, as with melioi-
dosis, septicemia with pulmonary involvement after percu-
taneous inoculation is well recognized with anthrax,
plague, and tularemia. The lack of clarity of correlation
between mode of infection, site of disease, and clinical
course in the melioidosis literature is also evident in
descriptions of the closely related disease, glanders (infec-
tion with B. mallei) (15).

Additional possible explanations for more severe dis-
ease after heavy rainfall include a larger bacterial inoculat-
ing dose and infection with more virulent bacteria. The
association of melioidosis with the wet season has also
been postulated to be due to movement of B. pseudomallei
from deeper soil layers to the surface with the rising water
table (27). Early studies also speculated that the increased
isolation of B. pseudomallei from surface water after
heavy rains resulted from increased growth of the bacteria
(28). More recently, the possibility has been raised that B.
pseudomallei may persist in the environment in a viable
nonculturable state during times of stress, such as in pro-
longed dry seasons (20,29). Differential gene activation
likely allows such environmental bacteria to respond and
adapt to different environmental conditions (30). Recently,
viable but nonculturable cells of Francisella tularensis
have been shown to be avirulent in mice (31). Thus, both
increased environmental bacterial load and increased viru-
lence of environmental B. pseudomallei may possibly
result from periods of heavy rainfall. A possible con-
founder to analyzing associations of rainfall with disease
severity is that, whatever the mechanisms of more severe
disease, such cases will tend to have shorter incubation
periods. Therefore, the prior 14-day rainfall is likely to
more closely reflect the rainfall associated with infection
in these cases than in less severe cases, where incubation
periods >14 days might occur.

In patients with melioidosis in this study, diabetes, alco-
hol excess, and chronic renal disease were associated with
higher prior rainfall. We previously suggested that the pre-
disposition to melioidosis in persons with these three con-
ditions may relate primarily to impaired polymorphonu-
clear leukocyte (PMNL) functions (3). This hypothesis is
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supported by data from an observational, uncontrolled
study showing improved survival with use of granulocyte
colony-stimulating factor (G-CSF) in melioidosis septic
shock (32). Recent animal data suggest an important role
for lung-derived G-CSF in controlling intrapulmonary
infection (33). Therefore, in diabetes, alcoholism, or
chronic renal disease, both impaired phagocytic activity of
alveolar macrophages and impaired recruitment of PMNL
into the lungs as a result of acquired dysfunction of alveo-
lar macrophages may be critical, in addition to impaired
PMNL function, in determining the predisposition to
melioidosis pneumonia. Such a predisposition is likely to
be especially important in influencing whether infection
becomes established after inhalation of B. pseudomallei.
The association of diabetes, alcohol excess, and chronic
renal disease with higher prior rainfall may therefore
reflect a particular susceptibility to inhalation as a mode of
infection in patients with these risk factors. Alternatively,
this finding may reflect a greater influence of bacterial
load or organism virulence in these risk groups. Either
explanation is consistent with the observation from
Thailand that risk factors and level of environmental expo-
sure to B. pseudomallei have a compound interaction, as is
evident in the especially high rates of melioidosis in dia-
betic rice farmers (34).

We have shown that the intensity of rainfall in the 14
days before a person is admitted to a hospital with melioi-
dosis is an independent predictor of the patient’s having
pneumonia, septic shock developing, and death. We postu-
late that this may reflect a shift towards inhalation of B.
pseudomallei as the mode of transmission after heavy
monsoonal rains and winds.
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Comparative Molecular and
Microbiologic Diagnosis of Bacterial
Endocarditis

Isabelle Podglajen,*t Fabienne Bellery,* Claire Poyart,} Philippe Coudol,* Annie Buu-Hoi,*
Patrick Bruneval,* and Jean-Luc Mainardi*t

Sequencing of 16S rDNA, and of sodA;,; and rpoB;,in
some cases, was applied to DNA from heart valves of 46
patients (36 with definite and 10 with possible endocardi-
tis). Sequence-based identifications were compared with
those obtained with conventional methods. Among the 36
definite cases, 30 had positive blood cultures and 6 had
negative cultures. Among the 30 positive cases, sequenc-
ing of 16S rDNA permitted identification of species (18),
genus (8), or neither (4); sodA;x and rpoB;,; sequencing
was necessary for species identification in 8 cases.
Species identifications were identical in only 61.5%, when
conventional techniques and DNA sequencing were used.
In five of the six blood culture—negative endocarditis cases,
sequencing identified Bartonella quintana (3), B. henselae
(1), and Streptococcus gallolyticus (1). Our results demon-
strate a clear benefit of molecular identification, particularly
in cases of blood culture—negative endocarditis and of pos-
sible endocarditis, to confirm or invalidate the diagnosis.
Moreover, in 19.4% of the definite cases, the improvement
in species identification by sequencing led to improved
patient management.

ject, the prevalence of blood culture-negative endo-
carditis once ranged from 2.5% to 31% (1). In more recent
studies, approximately 9% is the reported rate (2). One
explanation for the improvement in the bacteriologic diag-
nosis of endocarditis is better knowledge of its clinical
symptoms and risk factors, which has encouraged earlier
blood culture. Another reason is the improvement in bacte-
rial culture techniques, with prolonged incubation times,
presence of carbon dioxide, enriched culture media, and
timed subcultures. Thus, the isolation of fastidious
microorganisms including Abiotrophia (new genus
Granulicatella) and the HACEK group, has improved dra-

ﬁ ccording to the earliest published report on the sub-

*Hopital Européen Georges Pompidou, Paris, France; TINSERM
E0004, Université Paris VI, Paris, France; and $Hopital Necker,
Université Paris V, Paris, France
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matically, and organisms frequently missed with the use of
earlier blood culture techniques are now recognized.
Another improvement is the use of specific serologic tests
for certain microorganisms. Such tests, associated with cell
cultures, are now recommended for patients with blood
culture-negative endocarditis for which Coxiella burnetii
and Bartonella spp. are the suspected causative organisms
(3-5). Despite these improvements, the diagnosis of blood
culture—negative endocarditis remains a challenge. The
absence of positive culture is most frequently due to previ-
ous antimicrobial drug treatment or to bacterial species
that are difficult to grow or that remain nonculturable in
the laboratory.

To overcome these problems, molecular techniques
using broad-range DNA primers for amplification of bac-
terial 16S rDNA directly from clinical samples and subse-
quent nucleotide sequencing (6,7) have been proposed to
establish the infectious etiology (8—10). This approach,
combined with sodA;,, encoding superoxide dismutase
(11) and rpoByy, encoding the B sub-unit of RNA poly-
merase (12) sequencing when 16S rDNA sequences were
not sufficiently discriminating, was used here 1) to evalu-
ate the bacterial content of 46 resected heart valves from
patients operated on for endocarditis, 2) to compare the
results with bacteriologic and histologic findings from
heart valves and from preceding blood cultures, and 3) to
analyze the data with respect to the clinical background of
the patients, including the modified Duke criteria (13).

Patients and Methods

Patients

From October 2000 to June 2002, all patients operated
on for endocarditis at the Hopital Européen Georges
Pompidou, Paris, were classified according to the modified
Duke criteria for the diagnosis of infective endocarditis
(13). We studied a total of 46 cases (26 men and 20 women;
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average age 55.5 years; range 20-86 years), including 36
clinically definite (31 native valves and 5 prostheses) and
10 clinically possible (5 native valves and 5 prostheses)
cases. Among the 36 definite cases, 27 patients had two
major criteria, and 9 patients had one major and three minor
criteria. All 10 patients classified as having possible endo-
carditis had one major and one minor criterion. Thirty-two
(69.5%) of the 46 patients had been transferred to our hos-
pital for surgery. In these cases, blood cultures and conven-
tional bacterial identification had been performed in other
hospitals (23 hospitals, including 3 in foreign countries).
Twenty-five patients without endocarditis who were oper-
ated on for valve replacement were studied as controls.

Microbiologic Methods

The excised heart valves were processed under a lami-
nar flow hood. Portions of abnormal valve tissue were
ground with a mortar and pestle and cultured on Columbia
sheep blood agar, and chocolate agar supplemented with
IsoVitaleX (bioMérieux, Marcy I’Etoile, France) (at 37°C
aerobically and with 5% CO2 for 10 days), Schaedler
sheep blood agar (at 37°C anaerobically for 10 days), brain
heart infusion broth, and brain heart infusion broth supple-
mented with IsoVitaleX (aerobically at 37°C for 30 days).
In each case, a valve culture was also performed in an
anaerobic blood culture vial (Vital, bioMérieux), which
was incubated for 1 month at 37°C. A direct Gram (and
Giménez if necessary) stain was performed. Bacteria from
isolated colonies were identified according to standard pro-
cedures (14). Heart valve samples were stored at —80°C
before DNA extraction. When bacteria were isolated from
blood cultures in our hospital, they were identified accord-
ing to standard procedures (14).

Molecular Methods

DNA Extraction

DNA extractions and polymerase chain reactions (PCR)
were carried out in separate areas. DNA from heart valve
material was extracted (two parallel extractions per valve),
according to the manufacturer’s instructions, with the
QIAMP Tissue Kit (Qiagen, Courtaboeuf, France). For each
batch of extraction, a negative extraction control containing
all reagents except heart valve material was included.

PCR Amplification

For each specimen, DNA in 2 V of crude extract (5 uL
and 20 uL) was directly amplified with one or two sets of
primers (pl13B and p91E or pl3B and p515FPL), as
described previously for 16S rDNA (15), with d/ and d2
for sodA;,; (11) and with CM; and CM3y,, for rpoB,,; (12).
Reaction mixes (50 uL) were set up with two Tag DNA
polymerases (Superpak, Sigma, St. Louis, MO, and
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Qbiogen, Illkirch, France), according to the specifications
of the manufacturers, and 0.2 UM of each appropriate
primer. For each batch of six samples, two negative con-
trols were included. PCR was performed in a PTC 200
thermocycler (VWR International, Fontenay-sous-Bois,
France) with the following thermal cycling parameters for
16S rDNA: 94°C for 2 min, followed by 35 cycles at 94°C
for 30 s, 56°C for 1 min, and 72°C for 1 min, followed by
a final extension at 72°C for 10 min. When the PCR result
was negative, an amplification of the human B-globin gene
was performed as an internal extraction control. Sequence
analysis of both strands was carried out on a 3700 DNA
analyzer (Applied Biosystems, Courtaboeuf, France).
Similarity searches were carried out against GenBank and
the Ribosomal Database Project (RDP II, Michigan State
University, East Lansing, MI).

Histologic Analysis

Pieces of formalin-fixed abnormal valve tissue were
examined. Paraffin sections were cut and stained with
hematoxylin and eosin and Gram (and Giménez if neces-
sary) stains. The histopathologic diagnosis was based on
valvular inflammation, vegetation, microorganisms, or
other features consistent with endocarditis (16).

Results

Among the 46 cases of endocarditis, 36 were identified
before surgery as definite and 10 as possible, according to
the modified Duke criteria (13).

Definite Endocarditis

Among the 36 cases of definite endocarditis, blood cul-
tures were positive in 30 and negative in six (Table). After
surgery, histopathologic criteria were present in all clini-
cally definite cases.

Blood Culture—Positive Patients

PCR amplification of the bacterial 16S rDNA directly
from the resected valves of the 30 patients with positive
blood cultures was positive in 26 cases and negative in 4
(Table). The mean duration of antimicrobial drug treatment
before surgery was 24.6 days (range 1-75 days) for the
PCR-positive group and 34.5 days (range 18-53 days) for
the PCR-negative group. In the negative group, three
patients had right-side endocarditis stemming from pace-
maker infection attributable to Staphylococcus epider-
midis, S. caprae, or an association of S. aureus,
Escherichia coli, and Streptococcus pneumoniae, respec-
tively. The fourth patient had endocarditis on the mitral
valve attributable to Staphylococcus aureus. The direct
examination of valve samples after Gram staining showed
evidence of bacteria in two cases (S. aureus and S. caprae);
culture was positive in only one, yielding S. caprae.
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Table. Comparison of results obtained from blood cultures with conventional methods of identification (CMI-BC) and from valves with

sequence-based identification (SBI-V)

Positive blood culture (n = 30)

Negative blood culture (n = 6)

PCR positive (n = 26)

PCR
negative (n = 4)"

PCR PCR
positive (n = 5) negative n = 1

Species identification

Concordance (n = 16) Discordance (n = 10)

(CMI-BC/SBI-V) CMI-BC SBI-V CMI-BC SBI-V
Strep. mutans Strep. agalactiae  Lactobacillus crispatus Staph. aureus Strep. gallolyticus
Strep. sanguis Gemella spp. Aerococcus urinae Staph. epidermidis Bartonella quintana (3)

Group C streptococci
Strep. mitis (2)
Strep. sanguis

Strep. salivarius
Haemophilus influenzae
H. aphrophilus
Streptococcus spp.

Strep. gallolyticus (4)
Campylobacter fetus
Escherichia coli®
Propionibacterium acnes
Staph. aureus (2)

Strep. oralis (2)°

Strep. mitis (2)°

Strep. pneumoniae®

Strep. oralis®
Strep. oralis®
H. aphrophilus

Strep. gordonii

Abiotrophia adiacens
Strep. sanguis (2)

B. henselae

} ¢

Staph. caprae

Staph. aureus +
Strep. pneumoniae
+ E. coli

H. paraphrophilus

“In the case of positive blood cultures with Staphylococcus (Staph) aureus, Escherichia coli, and Streptococcus (Strep) pneumoniae, PCR was

positive, but direct sequencing was not interpretable.

*Species identification based on sequence analysis of PCR-amplified 7poB;,.
“Species identification based on sequence analysis of PCR-amplified sod4,,.

Three species were identified in the blood culture.

From the 26 valves yielding positive PCR, 5 were cul-
ture positive, with the same microorganism as previously
identified in the blood cultures (Escherichia coli, S. aureus
[2], Propionibacterium acnes, and Streptococcus mitis).
The mean duration of antimicrobial drug treatment was 8.2
days (range 1-22 days) when the valve culture was posi-
tive and 30.2 days (range 5—75 days) when the valve cul-
ture was negative. There was full agreement in 16 cases
(61.5%) between the bacterial identifications obtained
with conventional methods after blood culture and
sequence-based identifications with DNA extracted from
heart valves (Table). Discrepancies (38.5%, Table) were
due to misidentification at the genus level in three cases,
misidentification of the species in six cases, and absence of
identification to the species level after blood culture in one
case. Overall, there were seven cases in which only sod4;,,
sequence analysis allowed differentiation between S. mitis,
S. oralis and S. pneumoniae and one case in which rpoB
analysis allowed differentiation between E. coli and other
Enterobacteriacae.

Blood Culture-Negative Patients

In the six cases of negative blood culture (Table), the
patients had been treated with antimicrobial drugs before
surgery; culture of their valves was also negative. The
mean duration of antimicrobial drug treatment was 60 days
(range 45120 days). In five of the six patients, 16S rDNA
sequencing permitted bacterial identification from the
resected valves. Four of these contained Bartonella (three
B. quintana and one B. henselae). Three of the patients
with Bartonella endocarditis were transferred directly
from Africa to our hospital for surgery; primary diagnosis
was performed by PCR and confirmed by subsequent
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serology. In the fourth patient, serologic results were posi-
tive before surgery and confirmed by PCR. Serologic test-
ing with a microfluorescence assay showed titers of >1:800
for immunoglobulin G antibodies (5). S. gallolyticus was
identified in the fifth patient, who had been treated with
amoxicillin for a suspected urinary tract infection before
the blood cultures were taken. In the sixth patient (PCR
negative), the histologic results showed a subacute aortic
endocarditis with a single epithelioid granuloma, the cause
of which remained undetermined.

Possible Endocarditis

Ten patients were classified before surgery as having
possible endocarditis (13). In these patients, blood cultures
were negative, and PCR did not indicate a microorganism.
The histologic analysis of the resected valves also did not
indicate any feature of endocarditis, in accordance with the
bacteriologic results.

Control Patients

Twenty-five patients who were operated on for valve
replacement but who did not have endocarditis were
included as controls. PCR from resected valves and
histopathologic signs were negative in all these patients.

Discussion

The clinical diagnosis of infective endocarditis, partic-
ularly in patients who have negative blood culture, were
previously treated with antimicrobial drugs, or both, is
generally difficult. In this study of 46 cases of definite or
possible endocarditis, we used amplification of 16S TDNA
extracted from valves and subsequent sequencing to iden-
tify the bacterial agent responsible for endocarditis. The
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results were compared with those obtained with conven-
tional bacteriologic methods of identification after blood
culture. When species identifications based on 16S rDNA
sequencing were ambiguous, PCR amplification and
sequencing of sodA4;, or rpoB;, (in one case) were also
performed.

When we considered the cases of definite endocarditis
with positive blood cultures (Table), there was an agree-
ment of 30% (if one includes the PCR-negative results)
between the bacterial identifications obtained after
sequencing of 16S rDNA extracted from heart valves and
those obtained with conventional techniques after blood
culture. There was agreement of 53.3% when the molecu-
lar identification included the analysis of sod4;,, to differ-
entiate between S. mitis, S. oralis, and S. pneumoniae (11)
and of rpoB,, to differentiate between E. coli and closely
related Enterobacteriacae (12). Combined sequence
analysis entailed the refinement of genus to species identi-
fication in one case, the revision of species identification
in six, and the revision of genus identification in another
three. In four cases (13.3%), the PCR result was negative
despite positive blood culture (with positive valve culture
in one of them) and histologic results that showed features
suggestive of endocarditis. This finding was most likely
due to the workup of inadequate fractions of the valves
(i.e., in some PCR-positive cases, a positive reaction was
obtained only with one of the two valve fractions).
Multiple fractions should therefore be selected after metic-
ulous macroscopic examination. PCR inhibitors were not
likely present since the control reaction with the B-globin
gene was positive in all cases. Obviously, no identification
can be expected from direct sequencing of PCR products
in the presence of multiple bacterial species, as in one case
encountered in this study.

If species, as opposed to genus identification, may have
only modest consequences on the management of most
patients, for some cases the consequences can be substan-
tial. Here, the identification of Lactobacillus crispatus,
instead of S. agalactiae, led to the search and treatment of
the dental portal of entry and the identification of
Abiotrophia adiacens, instead of group C streptococci;
thus in this last case, the antimicrobial drug treatment was
prolonged. In five of six cases of negative blood culture,
PCR permitted the identification of the responsible
microorganism (Table). The identification of S. gallolyti-
cus in one patient led to the search for and removal of a
precancerous intestinal polyp. In four cases, Bartonella
species were identified and the antimicrobial drug regi-
mens modified with the introduction of gentamicin (17)
and prolonged treatment. 16S rDNA PCR is of particular
diagnostic value when serology has not been performed
and when a serologic test is not available (as in the case of
Tropheryma whippleii). Moreover, we believe that PCR on
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resected valves should be performed in patients with posi-
tive blood cultures, under two conditions: 1) in the absence
of species identifications; or 2) if there is a lack of correla-
tion between the putative microbial identification by con-
ventional microbiologic techniques and the clinical signs
and symptoms or course of the endocarditis.

Our study shows that analysis of 16S rDNA extracted
from valves is not beneficial only in cases classified as def-
inite endocarditis. It can also serve as a valuable diagnos-
tic tool to confirm or rule out the suspicion of possible
endocarditis. The results obtained with this method in the
10 cases we describe were in full agreement with the his-
tologic findings, which did not indicate features of infec-
tive endocarditis. All patients for whom negative results
were obtained with conventional and molecular methods
were secondarily reclassified and were rejected following
the Duke’s scheme (13). As a therapeutic consequence, the
use of unjustified antimicrobial drug treatment was
stopped.

We conclude that the diagnosis of bacterial endocardi-
tis may benefit from adding molecular biologic identifica-
tion to conventional identification after standard cultures.
This finding is in agreement with those from a recent study
that analyzed a group of patients similar in size and with
endocarditis due to a comparable set of infectious agents
(18) as well as with our recent observation of C. burnetii,
Staphylococcus lugdunensis, and T. whipplei in culture-
negative valves from endocarditis patients with negative
blood cultures. While no false-positive results were
obtained with the PCR-based approach in our study, few
were false negative. On the other hand, this approach con-
tributes to an improvement in bacterial identification in a
substantial number of cases as well as improvement in
patient management in approximately 20%.
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Emerging Genotype (GGllb)
of Norovirus in Drinking
Water, Sweden

Karin Nygard,* Maria Torvén,* Camilla Ancker,t Siv Britt Knauth,t Kjell-Olof Hedlund,*
Johan Giesecke,* Yvonne Andersson,* and Lennart Svensson*}

From May through June 2001, an outbreak of acute
gastroenteritis that affected at least 200 persons occurred
in a combined activity camp and conference center in
Stockholm County. The source of illness was contaminated
drinking water obtained from private wells. The outbreak
appears to have started with sewage pipeline problems
near the kitchen, which caused overflow of the sewage sys-
tem and contaminated the environment. While no patho-
genic bacteria were found in water or stools specimens,
norovirus was detected in 8 of 11 stool specimens and 2 of
3 water samples by polymerase chain reaction. Nucleotide
sequencing of amplicons from two patients and two water
samples identified an emerging genotype designated
GGillb, which was circulating throughout several European
countries during 2000 and 2001. This investigation docu-
ments the first waterborne outbreak of viral gastroenteritis
in Sweden, where nucleotide sequencing showed a direct
link between contaminated water and iliness.

iruses have emerged as important causes of foodborne
Vand waterborne diseases in recent years, with numer-
ous outbreaks associated with Norwalk viruses. This virus
is the prototype in the genus Norovirus, family
Caliciviridae, which includes a large number of genetical-
ly related strains associated with acute gastroenteritis.
Longitudinal surveys have shown that caliciviruses and
especially noroviruses are common causes of nosocomial
and community-associated outbreaks of acute gastroenteri-
tis worldwide (1-5). Norovirus-associated gastroenteritis
is transmitted by the fecal-oral route. It occurs both as spo-
radic community cases and as large outbreaks in, for exam-
ple, nursing homes, hospitals, schools, and ships. The out-
breaks often are associated with ingestion of food or con-
taminated water. Norovirus-associated waterborne out-
breaks (6) have been associated with contamination of sep-
tic tanks, industrial water system (7-9), and swimming

*Swedish Institute for Infectious Disease Control, Solna, Sweden;
tKarolinska Hospital, Stockholm, Sweden; and fUniversity of
Linkdping, Linkdping, Sweden

1548

water (10-12) as well as drinking contaminated drinking
water (13—18).

We describe a waterborne outbreak caused by contami-
nated drinking water. While no pathogenic bacteria were
found in collected samples, identical noroviruses belong-
ing to genogroup II (GGIIb) were identified in both stool
and water samples.

Methods

Outbreak Description

An outbreak of acute gastroenteritis occurred in a com-
bined activity camp and conference center in Stockholm
County from May to the end of June 2001. During the
summer, the center caters to both overnight guests and
daytime visiting groups. A separate cafe for outside visi-
tors to the nearby beach is also on the premises.
Environmental and microbiologic investigations were con-
ducted to determine the source of the outbreak and imple-
ment control measures to stop the outbreak and prevent
similar situations in the future.

Environmental Investigation

The municipal environmental health unit was first con-
tacted on June 12. The facilities were inspected, and water
and food samples were collected. On June 15, the
Stockholm County Council Department of Communicable
Disease Control and Prevention was contacted, and the
premises were reinspected on June 25 and July 3.
Additional water samples were taken on several occasions
during June and July.

Microbiologic Investigation

Bacteriologic Investigation

A total of 11 stool specimens were collected (2 from
staff and 9 from visiting guests) and cultured for bacterial
enteropathogens, including Salmonella, Shigella,
Campylobacter, and Yersinia. Ten water samples were
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examined for fecal coliforms, total coliforms, fecal strep-
tococci, and sulphite-reducing clostridia. Seven food prod-
ucts were examined for aerobe microorganisms, enter-
obacteriaceae, enterococci, fecal coliforms, Salmonella,
Bacillus cereus, Clostridium perfringens, coagulase-posi-
tive staphylococci, yeast, and mold. Approved standard
laboratory methods were used for all bacteriologic investi-
gations.

Virologic Investigation

Stool samples were examined for norovirus by electron
microscopy and reverse transcription—polymerase chain
reaction (RT-PCR), as previously described (4,19,20).
Briefly, viral RNA was extracted from 100 puL of a 10%
stool suspension with the guanidine thiocyanate—silica
extraction method (21) followed by RT-PCR with primer
pair JV12/JV13, which yields a 326-bp product, located in
the gene for RNA-dependent RNA polymerase.

Three water samples collected from the kitchen, the
water works, and the public beach were tested for
norovirus. These water samples were concentrated by a
method slightly modified from Gilgen et al. (22). Briefly,
0.5 L of water was filtered through a positively charged
0.45-um membrane (Zetapor, Millipore Corp., Bedford,
MA) followed by virus elution from the membrane with 50
mM glycine-NaOH, pH 9.5, containing 1% beef extract as
described (16). A Centricon-100 microconcentrator
(Amicon, Millipore) was used for further concentration to
100 puL.

For the water samples, a nested PCR was used. RNA-
extraction and first-round PCR were performed as
described in this section. For the nested PCR, new inner
primers were designed from alignment of sequences circu-
lating in Sweden and sequences from the GenBank data-
base. The inner primers were designated n12 (5'-TGG GAY
TCM ACD CA-3") and n13 (5'-CTT CAG ANA GNG CAC
ANA GAG T-3"). These primers yield a 234-bp product.

Nucleotide Sequencing

The PCR products from two human and two water sam-
ples were sequenced. The samples were sequenced from
both directions by using primer pair n12/n13 (water sam-
ples) and primer pair JV12/JV13 (patient samples) by ABI
Prism BigDye Terminator Cycle Sequencing Ready
Reaction kit (Applied Biosystems, Foster City, CA) on an
ABI 310 automated sequencer. Sequences from prototype
strains of caliciviruses from the GenBank database were
aligned with the sequences from patient and water sam-
ples. Programs from the PHYLIP program package
(National Institutes of Health, Besthesda, MD) were used
to construct the phylogenetic trees. SEQBOOT (NIH) was
used for bootstrap resampling to produce 100 different
datasets from the aligned sequences. From these datasets,
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phylogenies were estimated by DNAMLK (NIH).
CONSENCE (NIH) was used to construct a consensus tree
from the obtained data and to obtain bootstrap values. The
tree was drawn with Treeview (Page RD. TREEVIEW,
University of Glasgow, Glasgow, Scotland). The
nucleotide sequence accession number assigned by
GenBank is AY240939.

Results

Environmental Investigation

The activity camp, conference center, and nearby cafe
were supplied with ground water from their own private
wells, located at the premises. Six months before the out-
break, they had started to use water from two newly drilled
wells located within 20 m of each other. Only chemical
parameters had been analyzed before the new wells were
put in use. The water from both wells was held in a com-
mon reservoir and was not disinfected before distribution.
According to personnel at the camp, the wells were
approximately 80 m deep, and the soil layer was 18 m at
the location of the wells. A third well was drilled at the
same time and located close to the other two but was not
put in use. Previously, water had been obtained from an old
well located further away from the facilities. Since this old
well had limited capacity, and sometimes its water was not
potable, new wells with enough capacity to fulfill
increased demands had been drilled. For practical and eco-
nomical reasons, the new wells had been placed closer to
the center facilities.

Sewage from the camp was connected to the communi-
ty system and was transported to the nearest sewage treat-
ment facility. The sewage pipes were old, and personnel
reported that on several occasions problems with the
capacity of the system had occurred. In April 2001, a
blockage of the overflow in the low-pressure-system well,
located near the kitchen facilities, occurred, and sewage
had spilled out on the ground. On this site, located approx-
imately 100 m from the ground water wells, the rock was
covered by only 1-2 m of soil. Sewage had also over-
flowed on the ground near the kitchen in the autumn 2000
because of a stoppage in the sewage pipeline connection to
the community system.

Epidemiologic Investigation

Approximately 200 people contracted gastroenteritis
after consuming tap water. They had clinical symptoms of
vomiting, diarrhea, abdominal pain, and fever (mostly a
combination of these symptoms). Duration of symptoms
varied from several hours to 2 to 3 days. The first known
cases of illness occurred in a group of adults participating
in a 1-day conference on May 31. Of 16 persons (all
adults), 8 became ill (attack rate 50%) with gastrointestinal
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symptoms. Nearly 2 weeks later (June 9-10), a school
class with 28 pupils (8—13 years of age) arrived for an
overnight stay; approximately half became ill (attack rate
50%) with similar symptoms. The following day (June 10),
the first participants of a sport-training camp arrived. The
camp lasted for 10 days, during which a total of 150 chil-
dren (9-12 years of age) and 20 adults stayed at the facili-
ties in three overlapping periods. The first cases of illness
in this group occurred the day after arrival; approximately
100 persons became ill (attack rate 58%). During the next
2 weeks, several more guests and visiting groups reported
illness after visiting the center; some of these persons had
not eaten but had just drunk the center’s tap water. Two of
these groups were children (8—13 years of age); the attack
rate in both groups was 40%. The outbreak was not con-
trolled until the facilities closed for >1 week in the end of
June. Some of the personnel working at the center also
reported gastrointestinal symptoms, including one of the
kitchen personnel, who became ill on June 13 and was
taken off duty.

Control Measures

On the first visit, general recommendations regarding
kitchen hygiene and cleaning of the environment were
given. When the results of the first water samples were
ready, additional recommendations on boiling all water
used for drinking and food preparation were given. At the
same time, the environment was thoroughy sanitized. In
spite of these measures, new cases continued to occur, so
the facilities were closed for >1 week at the end of June to
interrupt possible continuous transmission among guests.
After this measure, no new cases occurred. Different
alternatives to prevent similar situations in the future were
discussed, and the decision was made to close the wells
and connect to the municipal water supply.

Microbiologic Investigation
None of the stool samples collected from the two staff
or nine visitors were positive for Salmonella, Shigella,

Campylobacter, or Yersinia, nor were any viruses other
than calicivirus found by electron microscopy. Of the 11
samples examined by norovirus-specific PCR, 8 had an
amplified PCR product of the expected size. No foodborne
pathogens were found in any of the food items investigat-
ed. The first samples were collected from tap water in the
kitchen on June 12 and water collected from the water
works on June 18 showed strong indication of fecal con-
tamination (Table). Samples collected from the wells 1 and
3 on June 20 and 27 showed evidence of fecal contamina-
tion, as did sampling of well 2 in July (Table). Water sam-
ples from the tap in the kitchen and the water works, col-
lected on June 18, were positive for norovirus with a nest-
ed PCR and showed evidence of fecal contamination
(Table). The water samples collected from the beach were
negative for norovirus. PCR amplicons from two visitors
(samples collected at different time points) and the two
positive water samples were sequenced and compared. The
strains were identical to each other and identical to strain
“Gothenburg” (Figure) and had 97%-98% nucleotide iden-
tity to Spanish GGIIb strains (AJ487474, AJ487794,
AJ487795, AJ487789, AJ487794) (23).

Discussion

We describe an epidemiologic and microbiologic inves-
tigation of a waterborne outbreak in which at least 200 per-
sons became ill after staying at a combined activity camp
and conference center in the Stockholm area. A large num-
ber of daytime visitors to the beach and nearby cafe may
also have become ill, so the actual number of cases has
likely been underestimated. The visitors in different groups
did not eat the same food items, and some visitors did not
eat any food. Several of the short-stay visitors consumed
only camp tap water, which was fecally contaminated. The
source of illness was drinking water obtained from ground
water wells that had been contaminated by sewage.
Person-to-person transmission and transmission through
contaminated surfaces probably contributed to the rapid
spread among the overnight visitors. While no pathogenic

Table. Results from bacteriologic analysis of water samples, Sweden, 2001

Heterotrophs/ Coliforms/ E. coli®/ Sulphite-reducing  Fecal streptococci

Place Date (2001) mL (2 d) 100 mL 100 mL clostridia/100 mL /100 mL
Tap water, kitchen 6/12 80 140 47 - -
Water works 6/18 690 100 32 <1 2
Tap water, kitchen 6/18 530 130 40 <1

Well 1 6/20 >300 430 >100 - -
Well 2 6/20 >300 1 <1 - <1
Well 3 6/27 2,100 19 1 - -
Old well 6/27 1,100 630 22 - -
Storm water 6/27 2,000 190 3 - -
Well 2 7/03 1,300 160 6 - -
Beach 717 16,000 1 - - -

‘Escherichia coli.
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Figure. Phylogenetic tree based on a 198-nt region of the gene
coding for RNA-dependent RNA-polymerase (located in ORF1),
showing patient and water samples and some prototype strains of
calicivirus from the GenBank database (accession no.: MX,
Mexico U22498; MV, Melksham X81879; HV, Hawaii U07611;
LDV, Lordsdale X86557; DSV, Desert Shield U04538; SOV,
Southampton L07418; NV, Norwalk M87661; Gothenburg
AF365989). Bootstrap values are given in percentage at the
nodes.

bacteria were found in water or stool samples, norovirus
belonging to genogroup II with identical nucleotide
sequence in the polymerase region was obtained from both
stool and water samples. The strain was identical to strain
Gothenburg, previously identified in Sweden and belong-
ing to the emerging genotype cluster GGIIb. These strains
have circulated in several European countries during 2000
and 2001 (23). While the GGIIb outbreak in this study was
associated with contaminated water, previously reported
GGIIb strains have been associated with school, nursing
home, and rural village outbreaks (23). That all were iden-
tified during 2000 and 2001 further supports the hypothe-
sis of an emerging strain or cluster of strains.

The drinking water was obtained from deep ground
wells close to the cafe. Before the outbreak, this cafe had
had problems with low pressure in its well, which caused
blockage of the sewage system. As a consequence sewage
spilled out and lead to contamination of the environment.
At the contamination site, the soil was only 1-2 m deep,
and cracks in the rock may have facilitated migration of
microorganisms from the sewage to the ground water.
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Norovirus can migrate through soil and contaminate well
water and cause gastroenteritis outbreaks (7,24).

One possible explanation for the protracted duration of
the outbreak could be a continuous leak from the sewage
system, which would have caused persistent contamination
of the environment. The ill persons staying at the facilities
might have contributed to increased viral load in the
sewage, and problems with the sewage collection system
would then have further aggravated contamination of the
water supply. Another possibility was that the water initial-
ly caused the outbreak, but person-to-person spread con-
tributed to the continuous transmission.

The low infectious dose of norovirus readily allows
transmission through environmental contamination and
aerosols. Boiling the water used for drinking and food
preparation was recommended. Since the risk for transmis-
sion through aerosols generated when showering with pos-
sibly contaminated water is not well established, no rec-
ommendations were made in this regard. Another problem
was how to decontaminate bed linen and other fabrics.
Washing at high temperatures is the recommended proce-
dure to eliminate viral contamination. However, if the
water used for washing is contaminated, the rinsing
process may lead to recontamination of the fabrics. We
recommended boiling or heating water for washing to
>90°C in the presence of detergents.

This outbreak illustrates some problems related to pri-
vate water supply. In Sweden, approximately 15% of the
population has a private water supply, and the extent of
gastrointestinal illness related to water is not clearly iden-
tified. Problems with person-to-person transmission of
noroviruses are well known; however, risks related to
exposure through contact with contaminated water and
environment through vomit and aerosols are not well
established.

In summary, detecting identical virus in both drinking
water and stool specimens from ill persons strongly
indicated that norovirus was the principal pathogen of this
outbreak. Nucleotide sequence analysis identified a
norovirus designated GGIIb (23).

This study was supported by the European Union (QLRT-
1999-00634 and QLRT-1999-00594

Dr. Nygard is an epidemiologist. Her areas of interest are
epidemiology, water control, and foodborne and vector-borne
infectious diseases.

References

1. Rebecca L, Frankhauser J, Noel S, Monroe S, Ando T, Glass R.
Molecular epidemiology of “Norwalk-like viruses” in outbreaks of
gastroenteritis in the United States. J Infect Dis 1998;178:1571-8.

1551



RESEARCH

o

w

~

o

. Hedlund KO, Rubilar-Abreu E, Svensson L. Epidemiology of cali-

civirus infections in Sweden, 1994-1998. J Infect Dis
2000;181(Suppl 2):S275-80.

. Inouye S, Yamashita K, Yamadera S, Yoshikawa M, Kato N, Okabe

N. Surveillance of viral gastroenteritis in Japan: pediatric cases and
outbreak incidents. J Infect Dis 2000;181(Suppl 2):S270—4.

. Johansson PJ, Torven M, Hammarlund AC, Bjorne U, Hedlund KO,

Svensson L. Food-borne outbreak of gastroenteritis associated with
genogroup I calicivirus. J Clin Microbiol 2002;40:794-8.

. Koopmans M, Vinje J, de Wit M, Leenen I, van der Poel W, van

Duynhoven Y. Molecular epidemiology of human enteric calicivirus-
es in The Netherlands. J Infect Dis 2000;181(Suppl 2):S262-9.

. Schaub SA, Oshiro RK. Public health concerns about caliciviruses as

waterborne contaminants. J Infect Dis 2000;181(Suppl 2):S374-80.

. Beller M, Ellis A, Lee SH, Drebot MA, Jenkerson SA, Funk E, et al.

Outbreak of viral gastroenteritis due to a contaminated well.
International consequences. JAMA 1997;278:563-8.

. Kaplan JE, Goodman RA, Schonberger LB, Lippy EC, Gary GW.

Gastroenteritis due to Norwalk virus: an outbreak associated with a
municipal water system. J Infect Dis 1982;146:190-7.

Morens DM, Zweighaft RM, Vernon TM, Gary GW, Eslien JJ, Wood
BT, et al. A waterborne outbreak of gastroenteritis with secondary
person-to-person spread. Association with a viral agent. Lancet
1979;1:964-6.

. Schvoerer E, Bonnet F, Dubois V, Cazaux G, Serceau R, Fleury HJ, et

al. PCR detection of human enteric viruses in bathing areas, waste
waters and human stools in Southwestern France. Res Microbiol
2000;151:693-701.

. Baron RC, Murphy FD, Greenberg HB, Davis CE, Bregman DJ, Gary

GW, et al. Norwalk gastrointestinal illness: an outbreak associated
with swimming in a recreational lake and secondary person-to-person
transmission. Am J Epidemiol 1982;115:163-72.

. Kappus KD, Marks JS, Holman RC, Bryant JK, Baker C, Gary GW,

et al. An outbreak of Norwalk gastroenteritis associated with swim-
ming in a pool and secondary person-to-person transmission. Am J
Epidemiol 1982;116:834-9.

. Hafliger D, Hubner P, Luthy J. Outbreak of viral gastroenteritis due

to sewage-contaminated drinking water. Int J Food Microbiol
2000;54:123-6.

. Boccia D, Tozzi AE, Cotter B, Rizzo C, Russo T, Buttinelli G, et al.

Waterborne outbreak of Norwalk-like virus gastroenteritis at a tourist
resort, Italy. Emerg Infect Dis 2002;8:563-8.

15. Kukkula M, Arstila P, Klossner ML, Maunula L, Bonsdorff CH,
Jaatinen P. Waterborne outbreak of viral gastroenteritis. Scand J
Infect Dis 1997;29:415-8.

16. Kukkula M, Maunula L, Silvennoinen E, von Bonsdorff CH.
Outbreak of viral gastroenteritis due to drinking water contaminated
by Norwalk-like viruses. J Infect Dis 1999;180:1771-6.

17. Beuret C, Kohler D, Baumgartner A, Luthi TM. Norwalk-like virus
sequences in mineral waters: one-year monitoring of three brands.
Appl Environ Microbiol 2002;68:1925-31.

18. Schvoerer E, Bonnet F, Dubois V, Rogues AM, Gachie JP, Lafon ME,
et al. A hospital outbreak of gastroenteritis possibly related to the con-
tamination of tap water by a small round structured virus. J Hosp
Infect 1999;43:149-54.

19. Vinje J, Altena S, Koopmans M. The incidence and genetic variabili-
ty of small round-structured viruses in outbreaks of gastroenteritis in
the Netherlands. J Infect Dis 1997;176:1374-8.

20. Vinje J, Koopmans M. Molecular detection and epidemiology of
small round-structured viruses in outbreaks of gastroenteritis in the
Netherlands. J Infect Dis 1996;174:610-5.

21. Boom R, Sol C, Salimans M, Jansen C, Wertheim-van Dillen P,
Noordaa J. Rapid and simple method for purification of nucleic acids.
J Clin Microbiol 1990;28:495-503.

22. Gilgen M, Germann D, Luthy J, Huber P. Three-step isolation method
for sensitive detection of enterovirus, rotavirus, hepatitis A virus, and
small round structured viruses in water samples. Int J Food Microbiol
1997;37:189-99.

23. Buesa J, Collado B, Lopez-Andujar P, Abu-Mallouh R, Diaz JR, Diaz
AG, et al. Molecular epidemiology of caliciviruses causing outbreaks
and sporadic cases of acute gastroenteritis in Spain. J Clin Microbiol
2002;40:2854-9.

24. Lawson HW, Braun MM, Glass RI, Stine SE, Monroe SS, Atrash HK,
et al. Waterborne outbreak of Norwalk virus gastroenteritis at a south-
west US resort: role of geological formations in contamination of

well water. Lancet 1991;337:1200-4.

Address for correspondence: Lennart Svensson, Department of
Molecular Virology, University of Linkdping, 581 85 Linkdping; fax: +46
13 22 47 89; email: lensv@imk.liu.se

1552

Many believe that art and science, if coordinated in some way, might expose wider
vistas of natural truth. After all, the aim of artist and scientist alike is to communicate
a new and valuable way of regarding the natural world around us.

—Graeme L. Stephens
In "The Useful Pursuit of Shadows"
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Mycobacterium tuberculosis
Beijing Genotype

Troels Lillebaek,* Ase B. Andersen,t Asger Dirksen,t Judith R. Glynn,§ and Kristin Kremerq|

Molecular epidemiologic studies of strains of
Mycobacterium tuberculosis are currently conducted world-
wide. The genetically distinct Beijing family of strains has
been associated with large outbreaks of tuberculosis,
increased virulence, and multidrug resistance. However, in
this first population-based search for Beijing strains in the
Danish DNA fingerprint database, analysis of 97% of all cul-
ture-positive tuberculosis patients in 1992 to 2001 showed
that 2.5% of 3,844 patients, 1.0% of Danish-born patients,
and 3.6% of immigrants (from 85 countries) had Beijing
strains. No Beijing strains were found among 201 strains
from Danish-born patients sampled in the 1960s, and no
evidence of an increase in Beijing strains was found over
time. The true prevalence of Beijing strains worldwide is
unknown because only a fraction of global strains have
been analyzed.

ew technologies have enabled researchers to clarify

fundamental questions about the epidemiology and
pathogenesis of tuberculosis that were previously obscure
(1). Although the Mycobacterium tuberculosis genome is
genetically highly conserved, insertion sequences, repeti-
tive elements, genomic deletions, and single nucleotide
polymorphisms cause genetic polymorphisms. These poly-
morphisms can be visualized by various genotyping tech-
niques, often referred to as DNA fingerprinting, whereby
specific strains of M. tuberculosis can be characterized on
the basis of their DNA patterns (2). Restriction fragment
length polymorphism (RFLP) typing by using the insertion
sequence IS61/10 as a probe for strain differentiation is the
most widely applied DNA fingerprinting method to study
the epidemiology of tuberculosis (1). This technique has
been used for population-based transmission surveillance
(1), including studies across national boundaries (3). In
connection with this effort, one genetically highly con-

*National Institute for Prevention and Control of Infectious
Diseases and Congenital Disorders, Copenhagen, Denmark;
TRigshospitalet University Hospital, Copenhagen, Denmark;
FGentofte University Hospital, Gentofte, Denmark; §London
School of Hygiene and Tropical Medicine, London, United
Kingdom; and {National Institute of Public Health and the
Environment, Bilthoven, the Netherlands
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served group of strains of M. tuberculosis collectively
known as “the Beijing family” has attracted special atten-
tion (2,4). These strains are reported to be highly prevalent
throughout Asia and in the countries of the former Soviet
Union (5-9); they may possess selective advantages com-
pared with strains of other M. tuberculosis genotypes (5);
and they are sometimes associated with multidrug resist-
ance (6,8,10,11) and with specific pathogenic properties
and increased virulence (6,8,12). Furthermore, Beijing
family strains may be increasing in frequency and be
spreading to new geographic areas (5,10,11,13). The “W-
strain family” concurrently identified on the North
American (10) and Asian continents (5) is part of the
Beijing family. In this study we investigated the Beijing
strain family in Denmark.

Methods

Data Collection

Microbiologic analyses of mycobacteria have been car-
ried out at the International Reference Laboratory of
Mycobacteriology at Statens Serum Institut in Copenhagen
since 1922. This is the only laboratory that performs cul-
ture-based tuberculosis diagnosis for the Danish Kingdom.
Since 1992, DNA fingerprinting of strains of the M. tuber-
culosis complex has been implemented on a nationwide
scale by using the internationally standardized method of
IS6110 RFLP typing (14). Fingerprints from a total of
4,102 strains from 3,844 patients were available for the
current study, representing 97% of culture-positive
patients in Denmark in 1992 to 2001. When more than one
strain was available, the earliest specimen was included in
the analysis. In addition, a search for Beijing family strains
was performed among 201 strains of M. tuberculosis
retrieved from tuberculosis patients from 1961 to 1967
(15). These strains were retrieved from Danish-born
patients who were suspected of being part of various
chains of local transmission. Ninety-five came from case-
patients living in Copenhagen, the capital city, and its sur-
roundings, where most new tuberculosis cases were, and
still are, found. The strains were freeze-dried in the 1960s
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and recently recultured, and DNA fingerprinting was car-
ried out (16,17). The strains were processed as previously
described (3,16,17). The study was approved by the local
medical ethics committees (No. 11-087/99) and the Danish
Data Protection Agency (No. 2001-41-1018).

Identification of Beijing Strains

Within the framework of the current European Union
Concerted Action project (CA project), “New Generation
Genetic Markers and Techniques for the Epidemiology
and Control of Tuberculosis,” a method of identifying the
Beijing family of strains by using IS6//0 RFLP typing
was defined, on the basis of comparison with 19 reference
strains (https://hypocrates.rivm.nl/bnwww/index.html)
(K. Kremer et al., unpub. data). Following the CA project
suggested methodology, strains of M. tuberculosis with
IS6110 patterns with >80% similarity to any of these
strains could be classified as Beijing family strains,
whereas strains showing 75% to 80% similarity needed to
be confirmed by spoligotyping. This procedure should
give a sensitivity of >98% and specificity of 100% for rec-
ognizing Beijing family strains (compared with the stan-
dard criterion of spoligotyping) (K. Kremer et al., unpub.

data). For this study, for all strains showing at least 75%
similarity to any of the reference strains, spoligotyping
was used to confirm that they were indeed Beijing strains.
For statistical analysis, the p values were calculated by the
chi-square test or Fisher exact test when expected values
were small.

Results

Among the strains from the 1960s, no Beijing family
strains were identified. The results from the more recent
patients are summarized in Table 1. In total, 96 Beijing
strains were retrieved from different patients. The spoligo
patterns of 95 of these strains had 9 spacers and 1 strain
(from a patient from Vietnam) had 7 spacers of the spacers
35 to 43. Overall, 56% of the tuberculosis patients were
born outside of Denmark, originating from 85 different
countries. Among Danish-born patients, 1.0% had Beijing
strains compared to 3.6% among foreign-born patients
(Table 1). The highest prevalence of Beijing strains was
among patients from Asia. By country of origin the preva-
lence of the Beijing strain varied: 25.0% (24/96) from
Vietnam, 33.3% (12/36) from Thailand, 0% (0/44) from
the Philippines, 9.7% (3/31) from India, 8.8% (3/34) from

Table 1. Proportion of tuberculosis patients with Beijing family strains®

Denmark-born Non-Denmark-born Total
N/N (%) N/N (%) N/N (%)
All 17/1,659 (1.0) 79/2,183 (3.6) 96/3,844 (2.5)
Male 9/1,057 (0.85) 49/1,163 (4.2) 58/2,220 (2.6)
Female 8/602 (1.3) 30/1018 (3.0) 38/1,620 (2.4)
Age group (y)
<25 2/118 (1.7) 21/655 (3.2) 23/773 (3.0)
25-44 7/553 (1.3) 48/1,159 (4.1) 55/1,712 (3.2)
45-64 4/522 (0.77) 6/247 (2.4) 10/769 (1.3)
65+ 4/466 (0.86) 4/121 (3.3) 8/587 (1.4)
Y
1992-93 4/335(1.2) 12/249 (4.8) 16/584 (2.7)
1994-95 2/371 (0.54) 19/418 (4.6) 21/789 (2.7)
1996-97 2/330 (0.61) 16/506 (3.2) 18/836 (2.2)
1998-99 4/316 (1.3) 15/555 (2.7) 19/871 (2.2)
200001 5/307 (1.6) 17/455 (3.7) 22/764 (2.9)

Area of origin
Western Europe
Eastern Europe
Indian subcontinent
South East Asia
East Asia and Pacific
Middle East
North Africa
Sub—Saharan Africa
Americas and Caribbean
Previous TB

17/1,659 (1.0)

0/71 (0.0)
0/174 (0.0)
8/290 (2.8)

37/183 (20.2)
3/10 (30.0)
6/211 (2.8)

1/38 (2.6)

201,111 (1.8)

0/16 (0.0)

17/1,730 (0.98)

No 17/1550 (1.1) 78/2164 (3.6) 95/3,716 (2.6)

Yes 0/109 (0.0) 1/19 (5.3) 1/128 (0.79)
Site of TB

Pulmonary 16/1,394 (1.2) 56/1248 (4.5) 72/2,642 (2.7)

Extrapulmonary 1/263 (0.38) 23/930 (2.2) 24/1,193 (2.0)

“Information on immigration status missing for three patients; on region of origin for 81; on age for 3; on sex for 4; and on site of tuberculosis (TB) for 9.
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Sri Lanka, and 0% (0/220) from Pakistan. Beijing strains
were also found in 1.7% of patients from Somalia (17/985)
and in patients from the Middle East, including 7.5%
(3/40) from Iraq, 10.5% (2/19) from Iran, and 3.9% (1/ 26)
from Afghanistan. No Beijing strains were found in
patients from Eastern Europe: most of these patients (149)
were from the former Yugoslavia; 6 were from the former
Soviet Union.

No evidence was noted of an increase in the prevalence
of Beijing strains over time. Although no Beijing strains
were found in the 1960s, this finding is not significantly
different from the prevalence among Danish patients in the
recent period (p = 0.2). No increase occurred over the period
of the current study from 1992 to 2001 among Danish
patients or those born outside of Denmark (Table 1). An
apparent trend towards an increased proportion of Beijing
strains in younger patients seen overall (Table 1) is attrib-
utable to the higher proportion of immigrants in younger
age groups. Only one of the patients with the Beijing strain
had known previous tuberculosis (a patient from Somalia).
Beijing strains were less common in those without pul-
monary involvement (p = 0.007, adjusted for immigra-
tion). HIV status was not available for these patients.

The results of drug resistance testing are shown in
Table 2. Among Danish patients, but not among immi-
grants, the infections of those who had Beijing strains were
more likely to be drug resistant. The results, after exclud-
ing those with known previous tuberculosis, were very
similar (not shown). Although some of these associations
were formally statistically significant, they are based on
only two drug-resistant cases among 16 Danish-born
patients with Beijing strains.

Discussion

This population-based study found a low prevalence of
Beijing strains and weak evidence of an association with
drug resistance. The study includes an estimated 8% of all
strains of M. tuberculosis 1S6110 RFLP typed worldwide

RESEARCH

from 1992 through 2001, of which 57% were retrieved
from foreign-born patients from 85 different countries.
Overall, only 2.5% of the patients had Beijing strains, and
no evidence was found of an increase in their prevalence
over time, even though Beijing strains have been found in
Denmark for at least 10 years.

Recently, two studies analyzed the significance of M.
tuberculosis transmission in Denmark due to immigration
from a high incidence country and the persistent high inci-
dence of tuberculosis among the immigrants in the years
after arrival (3,18). These studies concluded that most
(>75%) were infected before their arrival, that their latent
infection was reactivated, and that nearly all of those who
could have been infected after arrival (<23%) were most
likely infected by a source from the country of origin (3).
Therefore, in the present study we compared the observed
prevalence with the prevalence in the country of origin.
For example, 25% of patients from Vietnam had Beijing
strains compared with 54% of patients in Hanoi and Ho
Chi Minh City (8). However, the Vietnamese study includ-
ed 563 samples from the late 1990s, whereas most
Vietnamese-born immigrants arrived in Denmark during
the early 1980s (19). This finding could indicate that
Beijing strains have been emerging in Vietnam only since
the early 1980s, which would fit with the higher preva-
lence of Beijing strains in persons of younger ages
observed in the Vietnamese study. Regarding strains from
patients born in Eastern Europe, none of the 174 patients
had Beijing strains, compared with reports of 22% to 71%
(4,20-22). However, the strains analyzed most were from
patients from the former Yugoslavia, where the prevalence
of Beijing strains is unknown. These patients arrived in
Denmark during the 1990s. Our data suggest that the
prevalence of Beijing strains was very low in this area, at
least at that time. Few reports from Africa are available
(23-26). In the present study, 17 (1.7%) of the 985
Somalia-born patients, nearly all of whom arrived in
Denmark during the 1990s (18), had Beijing strains.

Table 2. Proportion of patients with drug-resistant strains

% Drug resistant (no. of patients with drug resistance)®

N Any drug Isoniazid Rifampicin Streptomycin  Pyrazinamide Ethambutol MDR"

Danish

Beijing 16 12.5(2) 12.5(2) 6.3 (1) 12.5(2) 0.0 (0) 6.3 (1) 6.3 (1)

Other 1,623 10.2 (165) 3.1 (50) 0.12(2) 3.6 (58) 5.5(89) 0.0 (0) 0.0 (0)

p 0.7 0.09 0.03 0.1 1.0 0.01 0.01
Immigrants

Beijing 78 20.5 (16) 9.0(7) 0(0) 16.7 (13) 1.3 (1) 1.3 (1) 0.0 (0)

Other 2,086 17.2 (359) 7.5 (157) 0.72 (15) 13.6 (284) 1.3(27) 0.96 (20) 0.58 (12)

p 0.4 0.7 1.0 0.4 1.0 0.5 1.0
Overall

Beijing 94 19.2 (18) 9.6 (9) 1.1(1) 16.0 (15) 1.1(1) 2.1(2) 1.1(1)

Other 3,709 14.1 (524) 5.6 (207) 0.46 (17) 9.2 (342) 3.1(116) 0.54 (20) 0.32(12)

p 0.2 0.1 0.4 0.05 0.5 0.1 0.3
“Drug resistance data missing for 41 persons.
"MDR, multidrug resistant.
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Among the remaining 126 patients, who were born in 24
other African countries, three additional Beijing strains
were retrieved, from patients born in Zimbabwe, Kenya,
and Angola. Beijing strains seem to be rare on the African
continent, but local studies are needed. Immigrants are not
a random sample, and some may have acquired tuberculo-
sis en route.

This is one of the largest samples of strains of M. tuber-
culosis searched for Beijing strains. Although highly rep-
resentative for the Danish population in the 1990s, and
partly for the Danish-born population in the 1960s, the
IS6110 RFLP patterns found in the strains from the for-
eign-born patients may not be an accurate reflection of the
distribution of patterns in their country of origin. Also,
identified patterns are a mixture of “recent” M. tuberculo-
sis transmission and reactivation of latent infections and
thus also represent patterns circulating decades ago
(16,17).

The low prevalence we found contrasts with some
reports, but limited information is available from most
areas of the world, making definite conclusions about the
extent of spread of Beijing strains and their associations
with drug resistance premature (4). Studies in which
Beijing strains have been looked for but not found may not
have been published. Recently two studies from Delhi and
Bombay, India, reported very few Beijing family strains
(27,28). Similarly, both in this study and in a previous
study, the prevalence of Beijing strains in the Phillippines
was found to be very low, 0% and 2%, respectively (29).
These findings indicate that even in Asia prevalence may
show great variation. More unbiased studies, even those
that report negative findings, are needed. However, the
body of typing data is increasing, thereby disclosing a
growing part of the true tuberculosis picture.
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