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With a few exceptions, emerging diseases in
Australia are similar to those in other
industrialized countries (1-8). Most exceptions
are either vector-borne or zoonotic viral diseases,
the major focus of this update. The continuing
emergence of antibiotic resistance is a worldwide
problem. In Australia, antibiotic resistance is
being reported from a growing number of
organisms (9-15), often necessitating new case
management practices and guidelines (16,17).
Also, like other countries, Australia has had a
number of foodborne (18-22) and waterborne (23-
25) epidemics in the past few years; the major
difference 1s that the higher incidence of
enterohemorrhagic FEscherichia coli linked to
outbreaks of hemolytic uremic syndrome is
associated with serotype O111:H- rather than
serotype O157:H-, which is more common in
other countries. Major waterborne epidemics or
contamination of reservoirs due to Cryptosporidium
parvum have occurred over the past 3 years in the
Eastern States of Australia (23-25), with the
largest and most recent being a problem of
contamination (in association with Giardia
lamblia) in the Sydney water supply between
July and September, 1998. However, despite this
contamination, no increases in the number of
cases of diarrheal disease were reported, perhaps
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because the inhabitants of Sydney were advised
to boil the water before drinking it (25).

The distribution and incidence of most of the
recently described viral diseases (e.g., human
herpesviruses 6—8 and hepatitis C and E viruses)
in Australia are similar to those reported in other
industrialized nations (3). Recent data for
hepatitis G in selected Australian populations
also support this contention (26).

Vector-Borne Viral Diseases

Australia has more than 70 arboviruses, but
relatively few cause human disease (27,28). The
most common arbovirus causing human disease
is Ross River virus, an alphavirus, which causes
an epidemic polyarthritis. Although Ross River
virus incidence has increased over the past
decade, the virus is not emerging; its increased
incidence is probably due to increased awareness
and recognition by general practitioners,
improved diagnostic reagents, and increasing
encroachment of human habitation into or near
wetlands and other areas conducive to mosquito
breeding. The only indigenous virus that can be
called “emerging” is Barmah Forest virus, also
an alphavirus and also the cause of an epidemic
polyarthritis-like disease. Associated with hu-
man disease only since 1988 and increasing in
incidence as diagnostic reagents have become
available and clinicians have become aware of it,
the virus has spread into new geographic areas,
such as Western Australia (29,30). The two
mosquito-borne diseases of particular concern,
however, are “imports”—dJapanese encephalitis
(JE) and dengue viruses.

Japanese Encephalitis Virus

The first outbreak of JE in the Australian
region occurred in Torres Strait, northern
Australia, in 1995 (31). Three cases (two of which
were fatal) were reported from Badu Island in
central Torres Strait, 2,000 km from the nearest
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focus of JE virus activity in Bali.
Seroepidemiologic studies showed that the virus
was relatively widespread in the central and
northern islands with subclinical human cases
on four islands and seropositive pigs on nine
islands. Ten virus isolates were obtained during
the outbreak: two from subclinical human
infections (31) and eight from Culex annulirostris
mosquitoes collected on Badu Island (32).
Sequencing studies showed that these isolates
(most closely related to a 1970 isolate from Kuala
Lumpur and a 1981 isolate from Bali) (33) were
almost identical, suggesting that the outbreak
originated from a single source. These studies
also showed that all isolates had the same 11
nucleotide deletion in the 3' untranslated region
immediately downstream from the stop codon of
the open reading frame (34), which provided a
signature for comparing any future isolates.
After the Badu Island outbreak, inactivated
vaccine was offered to all the inhabitants of the
northern and central Torres Strait islands (35).
During 1996 and 1997, JE virus activity was
detected through seroconversions in sentinel pigs
on Saibai Island, which is in the north and only
about 4 km from the Papua New Guinea coast (36)
(J. Lee, D. Phillips, J. Hanna, unpub. results).
Seroepidemiologic studies found that virus
activity has been widespread in Western
Province, Papua New Guinea, since at least
1989, with seropositivity rates of 21% at that
time among the Daru-speaking people. Results
also showed that seropositivity rates were
increasing in the Upper Fly River area and that
the virus was spreading geographically (37).
Indeed, recent results indicate that JE may have
spread to Vanimo on the northern coast by April
1998 and to parts of Milne Bay Province in
eastern Papua New Guinea (J. Lee, J. Wangi, P.
Siba, G. Tau, unpub. results). The first four
clinical cases of JE in Papua New Guinea were
observed in 1997 and 1998, with two deaths. All
cases were from the Kiunga area of Western
Province (J. Oakley, S. Flew, C.A. Johansen, D.
Phillips, R.A. Hall, J.S. Mackenzie, unpub.
results). Anecdotal evidence suggests that the
cases may have resulted in part from the large
mosquito numbers associated with the severe
drought in 1997. The first JE virus strain
isolated in Papua New Guinea was obtained from
Cx. annulirostris mosquitoes collected at Lake
Murray in Western Province in 1997. Sequence
studies have shown that this isolate was almost
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identical to the 1995 Torres Strait isolates,
including the acquisition of the 11 nucleotide
deletion (C.A. Johansen, R. Paru, S.A. Ritchie, A.
Van den Hurk, M. Bockarie, J.S. Mackenzie,
unpub. results).

A second outbreak of JE occurred in Torres
Strait in March 1998, with one human case from
Badu Island and sentinel pigs seroconverting on
a number of islands. Shortly afterwards, the first
human case on mainland Australia was reported
in a fisherman who acquired the infection near
the mouth of the Mitchell River in southwest
Cape York (38). Extensive seroepidemiologic
investigations found no further human infec-
tions in communities on Cape York, but domestic
pigs had seroconverted both near Mitchell River
and near Bamega at the northerly tip of Cape
York. Two virus isolations were obtained from
pig sera collected near Bamega, and one isolate
was obtained from a sentinel pig on Mabuiag
Island in Torres Strait (J. Hanna, S. Hills, D.
Phillips, J. Lee, unpub. results). Mosquitoes
were collected at a number of sites on Cape York
as well as on Badu Island. No viruses were
isolated from the Cape York mosquitoes, but
approximately 44 isolates were obtained from
Badu Island—43 from Cx. annulirostris mosqui-
toes and one from Aedes vigilax mosquitoes (S.A.
Ritchie, A. Van Den Hurk, C.A. Johansen, D.
Phillips, A. Pyke, J.S. Mackenzie, unpub.
results). Nucleotide sequencing studies have
shown that the mosquito and pig isolates from
Mabuiag and Cape York were closely related to
each other, as well as to the 1997 Papua New
Guinea Lake Murray and the 1995 Badu Island
isolates, including all isolates sharing the 11
base “signature” deletion, which indicated a
single virus source for the virus activity in
Northern Australia and Papua New Guinea. The
focus of activity is probably in Papua New
Guinea (C.A. Johansen, A. Drew, D.A. Phillips,
A. Pyke, J.S. Mackenzie, unpub. results).

JE virus activity in northern Australia began
in 1998. Sentinel animal sites are being
established to investigate whether the virus has
become enzootic in the wildlife. Australia has
both the mosquito vectors (Cx. annulirostris) and
vertebrate hosts (ardeid birds and pigs) for the
virus to become established. In addition, large
areas of wetland habitats in Cape York would be
conducive to virus enzootic cycles and would
increase the potential for the virus to move south
to more populous areas of Australia (39).

Vol. 5, No. 1, January-February 1999
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Dengue Viruses

Despite a 120-year history, dengue does not
appear to be endemic in Australia. Several
epidemics over the past decade have been initiated
from virus introduced by viremic travelers
(27,28,40). Imported cases of dengue in travelers
are regularly diagnosed throughout Australia,
with 30 to 60 cases reported annually, and
growing in number. In most parts of Australia
where the local mosquitoes are unable to
transmit dengue viruses, these cases pose no
risk, but in areas of north Queensland where
Ae. aegypti 1s common and travel between
Australia and countries in the Asian-Pacific area is
frequent, local transmission and epidemic activity
are major risks. The potential for local
transmission of dengue viruses is confined to an
area of Queensland corresponding to the
geographic range of Ae. aegypti, extending from
the islands of Torres Strait in the north, to
Mount Isa and Boulia in the west, possibly to
Roma in the south, and to Gladstone on the east
coast (41). Despite this relatively broad geographic
range, epidemic activity over the past 2 decades
has been restricted from Torres Strait south to
Cairns, Townsville, and Charters Towers. The
major epidemics over the past 5 years have
included a large outbreak of dengue type 2 in 1992
to 1993, principally in Townsville and Charters
Towers with more than 2,000 cases, and with the
first case of dengue hemorrhagic fever this
century (42,43); an outbreak of dengue type 2 in
1996 to 1997 on a number of Torres Strait islands
and Cairns, with more than 200 serologically
confirmed cases (44,45); and an outbreak of dengue
type 31in 1997 to 1998 largely restricted to Cairns
with 239 confirmed cases (46; S. Ritchie, S. Hills,
pers. comm.) and also a few cases of dengue type
2. This latter outbreak also included a case of
dengue hemorrhagic fever and the first case of
dengue encephalopathy in Australia (J. Hanna,
unpub. obs.). Nucleotide sequencing of dengue 2
isolates from Australia and a comparison with
isolates from elsewhere in the Asian-Pacific region
indicated that the 1992-93 isolates were most
closely related to an Indonesian virus, whereas
the 1996-97 isolates were most closely related
to viruses originally isolated in Burkina Faso.
This latter finding is of interest because a large
outbreak of dengue type 2 occurred on a number
of Pacific Islands before and during the Australian
outbreak, but the South Pacific viruses were quite
distinct from the Australian viruses (45).
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After the 1992-93 outbreak, a Dengue Fever
Management Plan was developed to reduce the
potential for epidemic activity from imported
cases. The plan has been extremely successful,
and a number of imported cases have been
recognized early and were contained before they
could cause an epidemic (47,48). However,
importation, either by continual movement of
people between Papua New Guinea and Torres
Strait or by movement of people for work,
education, or recreation between Papua New
Guinea and north Queensland, will always be a
major route of entry of the virus.

Vector importations occur frequently, with a
number of reports for both Ae. aegypti and
Ae. albopictus (27), including two recent importa-
tions of Ae. albopictus into Townsville in 1997
(49) and Cairns in 1998 (S. Ritchie, pers. comm.).

Novel Zoonotic Viral Diseases

In the past 4 years, three newly described
zoonotic viral diseases have been reported from
Australia; two of these diseases are caused by the
paramyxoviruses Menangle and Hendra (for-
merly equine morbillivirus), and the third is
caused by Australian bat lyssavirus.

Menangle Virus

An apparently new virus in the family
Paramyxoviridae was isolated from stillborn
piglets with deformities at a large commercial
piggery in New South Wales (51). The farrowing
rate in the piggery decreased from an expected
82% to 60%; the number of live piglets declined in
27% of the litters born; the proportion of
mummified and stillborn piglets, some with
deformities, increased; and occasional abortions
occurred. Virus was isolated from lung, brain,
and heart tissues of infected piglets, and shown
to be morphologically similar to viruses in the
family Paramyxoviridae. No disease was seen in
postnatal animals of any age, but a high
proportion of sera (>90%) from animals of all ages
contained high titers of neutralizing antibodies
against the virus. Tests performed at the
Australian Animal Health Laboratory confirmed
that the virus, named Menangle virus, was
unrelated to other known paramyxoviruses,
including viruses known to infect pigs (51).

Serum from two workers—one at the
affected piggery and one at an associated piggery
that had received weaned pigs from the original
piggery—had high titer, convalescent-phase
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neutralizing antibodies to the new virus. Both
workers had an influenzalike illness with rash
during the pig outbreak, but extensive serologic
testing showed no evidence of any alternative
cause; therefore, the illness is believed to have
been caused by the new virus (52).

A large breeding colony of gray-headed and
little red fruit bats roosted within 200 m of the
affected piggery. In a preliminary study, 42 of
125 serum samples collected from fruit bats in
New South Wales and Queensland had
neutralizing antibodies to the new virus. In
addition, antibodies were found in sera collected
in 1996, before the outbreak, and from a colony of
fruit bats 33 km from the piggery (51). Therefore,
the fruit bats are believed to be the primary
source of virus causing the outbreak. Sera
collected from wild and domestic animals near
the affected piggery were seronegative.

The geographic range, normal host species,
and genetic relationship of this new virus to
other paramyxoviruses remain unknown. Never-
theless, Menangle appears to cause fatal disease
and malformations in prenatal pigs and may be
associated with influenzalike illness in humans.

Hendra Virus

Hendra virus was first recognized in 1994
after an explosive outbreak of severe, fatal
respiratory disease affecting race horses and
humans. Twenty race horses in the Brisbane
suburb of Hendra were infected; 13 died. The
trainer and stable hand were also infected, and
the trainer died (53-55). A second incident
occurred in Mackay, a coastal town approxi-
mately 1,000 km north of Brisbane. Two horses
and a farmer died, the latter from severe
meningoencephalitis (56-58). The death of the
horses and the initial infection of the farmer
occurred in 1994 and preceded the Brisbane
outbreak; the virus is believed to have then
entered a latent phase for 1 year before
reactivating to cause fatal encephalitis. No
connection was found between the Brisbane and
Mackay incidents (56). Experimental studies
have shown that in horses and cats, after
subcutaneous, intranasal, and oral administra-
tion, the virus causes fatal pneumonia (59). In
guinea pigs, subcutaneous administration is also
fatal, but the infection is more generalized. Black
fruit bats (Pteropus alecto) infected by subcuta-
neous, intranasal, or oral routes contract a
subclinical infection and generate an antibody
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response (M. Williamson, unpub. results).
Endothelial cell tropism and formation of
syncytia in blood vessels are common pathologic
findings in both overt and subclinical infections
(B.T. Eaton, M. Williamson, unpub. obs.).
Extensive seroepidemiologic studies found
no evidence of Hendra virus among horses, other
farm animals, or more than 40 species of wildlife
in Queensland (566,60; P.L. Young, K. Halpin, H.
Field, unpub. results). However, working on the
hypothesis that if outbreaks at two distant sites
were connected, the most likely wildlife source
would be either birds or fruit bats, P.L.. Young
and colleagues subsequently showed that fruit
bats (flying foxes), members of Megachiroptera,
were the natural hosts on serologic grounds and
by virus isolation, with widespread evidence of
infection in four species of fruit bat: the black
(Pteropus alecto), grey-headed (P. poliocephalus),
little red (P. scapulatus), and spectacled
(P. conspicillatus) fruit bats (61,62; P.L. Young
et al., unpub. results). Indeed the virus was
antigenically and genetically indistinguishable
from the earlier horse and human isolates. Thus,
it is now clearly established that Hendra virus is
a fruit bat virus and is widely distributed
throughout the range of pteropid bats in
Australia, with serologic evidence of infection in
an average of 42% of wild-caught bats, the
number of seropositive animals varying with
species (63% of 229 P. alecto, 47% of 195
P. poliocephalus, 12% of 115 P. scapulatus, and
41% of 99 P. conspicillatus) and age, but not with
geographic distribution (H. Field, unpub. results).
Serologic evidence of infection of fruit bats has
also been reported from Papua New Guinea. Two
species of antibody-positive bats (Dobsonia
moluccense, P. neohibernicus) were identified from
Madang on the north coast of Papua New Guinea
(K. Halpin, H. Field, J.S. Mackenzie, M. Bockarie,
P.L. Young, P.W. Selleck, unpub. results), and
bats of four more species (D. andersoni, P.
capistratus, P. hypomelanus, and P. admiralitatum)
were identified in Port Moresby and New Britain
(H. Field, S. Hamilton, L. Hall, F. Bornacosso, K.
Halpin, P.L. Young, unpub. results).
Morphologic features (63) and preliminary
sequencing data of the M and F genes (64)
suggested that Hendra virus was a member of
the Paramyxoviridae, although it had unusual
surface projections of two distinct lengths, 15 nm
and 18 nm (63). The entire genome of the virus
has now been sequenced (65;66; L.F. Wang, B.T.
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Eaton and colleagues, unpub. results) and has
revealed a gene order and P gene organization
characteristic of members of the Paramyxovirus
and Morbillivirus genera (65). Comparison of its
deduced amino acid sequences with those of
other family members confirm that Hendra virus
is a member of the subfamily Paramyxovirinae,
more closely related to members of the
Paramyxovirus and Morbillivirus genera than
the Rubulavirus genus. Overall, homology with
other members of the subfamily is lower than
that observed within an individual genus (L.F.
Wang, B.T. Eaton, unpub. results). Hendra virus
has several distinguishing features, including a
genome that is 15% larger than that of other
members, with each of the six transcription units
containing a very long 3' untranslated region
(L.F. Wang, B.T. Eaton, unpub. results). The P/
V/C gene has a fourth open reading frame located
between those of the C and V proteins and
potentially encoding a small basic protein similar
to those of some members of the Rhabdoviridae
and Filoviridae; its long 3' untranslated region is
a common feature of the Filoviridae (65). The
sequence of the N gene has also recently been
described (66), and like the P/V/C gene, has a 3'
untranslated region approximately tenfold
longer than other members of the
Paramyxovirinae. Although the deduced amino
acid sequence of the N protein was slightly more
homologous to members of the Morbillivirus
genus than to those of other Paramyxovirinae
genera, the level of identity was much lower than
that observed within the Morbillivirus genus.
Three other findings differentiate Hendra
from most other members of the Paramyxoviri-
dae: the wide host range (59), the cleavage site of
the F protein, and the orientation of the cell
surface from which virus is released (B.T. Eaton,
W. Michalski, and M. Williamson, unpub.
results). An accumulating body of evidence—size
of genome, comparative sequence analyses,
coding capacity for a small basic protein in the P
gene, morphologic features, host range, and
various biologic properties, together with the
wildlife host of the virus—suggests that the virus
had been misnamed—it was neither an equine
virus nor a morbillivirus—although the name
was relevant when the virus was first isolated. It
has therefore been suggested that the virus be
renamed Hendra and be classified in a new
genus within the Paramyxovirinae (59,65,66). A
number of aspects of the ecology of the virus
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remain to be determined. For instance, despite
the obvious ubiquity of the virus in the fruit bat
population and the extremely close relationship
between bat caregivers and bats, there is no
evidence of seroconversions among caregivers,
despite their close contact with up to 1,000 bats
per year (50). Specimens of persons who have
died of either pneumonia or encephalitis of
unknown etiology were virus-negative (C. Allan,
J.S. Mackenzie, L.A. Selvey, unpub. results).
Furthermore, all human infections appear to
have been transmitted by horses. Thus, the virus
appears to have low transmissibility to humans;
it also appears to be linked with pregnancy: the
index case of the Brisbane outbreak was a
pregnant mare, a pregnant mare was involved in
the Mackay incident, both incidents occurred
during the birthing season of flying foxes, and
virus was first recovered from uterine fluid of a
pregnant animal (3). Thus, a number of
questions remain about the ecologic, biologic,
and pathologic characteristics of Hendra virus:
1) the infectivity and virulence of the virus and
why it seems extremely difficult to transmit
naturally between and within some susceptible
host species, 2) classification of the virus, 3) role
of pregnancy to transmission of the virus, 4) role
of prior infection in horses in human infection, 5)
method of transmission between fruit bats and
from fruit bats to horses, 6) tropism of the virus,
and 7) potential for producing a latent infection
in humans.

Australian Bat Lyssavirus

Australia had been considered free of rabies
and rabieslike viruses until 1996 when a new
lyssavirus, closely related to classic rabies virus,
was first identified in a fixed brain specimen
from a young black flying fox (P. alecto), with
unusual neurologic symptoms. Since this
original isolation, a further 42 isolates have been
obtained from all four species of fruit bat, with
most isolates from black and little red
(P. scapulatus) flying foxes, and four isolates
from an insectivorous bat (Microchiroptera), the
yellow-bellied sheathtail bat (Saccolaimus
flavicentris) (P. Daniels, R. Lunt, unpub.
results). The isolates were from as far apart as
Melbourne and Darwin, but most were from
Queensland. Antibodies to rabies virus (REFIT
assay) have been detected in 2.6% of 345 bat
nonrandom samples submitted to the Australian
Animal Health Laboratory (P. Daniels, R. Lunt,
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unpub. results). Antibody has been detected in
both infected and apparently healthy bats, but
whether this reflects the ability of bats to recover
from infection or become latently infected with
the virus is not known.

Analysis using nucleocapsid-specific mono-
clonal antibodies showed a strong relationship
between this new lyssavirus and serotype 1
rabies virus (67). Indeed, rabies vaccine may
elicit a protective immune response in humans,
indicating the antigenic similarity of Australian
bat lyssavirus and classic rabies virus (P.K.
Murray, pers. comm. to the Lyssavirus Expert
Committee [68]). Phylogenetic studies of the N
protein sequences indicated that the Australian
virus was genetically distinct from classic rabies
(genotype 1) and was, therefore, a previously
unrecognized member of the Lyssavirus genus
and represented a new genotype, genotype 7 (67).

Two human infections have been attributed
to Australian bat lyssavirus. One fatal rabieslike
infection was in a female bat caregiver from
Rockhampton, Queensland (69,70). An isolate of
Australian bat lyssavirus obtained post-mortem
was antigenically and genetically similar to the
virus from the insectivorous yellow-bellied
sheathtail bat (A.R. Gould, R. Lunt, P. Daniels,
unpub. results). A second death has recently
been reported in Queensland (J. Hann, J.
Faoagali, G. Smith, I Serafin, J. Northill, unpub.
obs.). The infection was in a 27-year-old woman
from Mackay, who died 2 years after a bat bite
(by a large flying fox). Polymerase chain reaction
(PCR) testing of RNA extracted from saliva and
nuchal biopsy proved vital to the antemortem
diagnosis. Immunofluorescence staining of
postmortem samples confirmed the diagnosis.
Preliminary sequencing of the amplicon has
indicated that the virus is very similar to other
lyssaviruses isolated from flying foxes but clearly
distinct from a virus isolate from a yellow-bellied
sheathtail bat (I. Serafin, G. Smith, J. Hanna, B.
Harrower, J. Northill, A. Westcott, unpub. obs.).
More extensive sequencing of the human and bat
isolates is under way. Measures to prevent further
human infection have been implemented (68,71).

As with Hendra virus, a number of questions
remain about the ecology and biology of
Australian bat lyssavirus. The finding of well,
antibody-positive bats, which suggests that bats
can either recover from infection or that they can
be silently infected, needs to be investigated,
particularly with respect to infectivity and
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possible transmissibility. More information is
needed on the geographic and host range of the
virus ecology within bat communities and risk
for transmission to terrestrial animals.

These novel zoonotic viruses appear to have
frugivorous bats as their natural vertebrate
hosts. While little is known of the viral fauna of
fruit bats (or indeed of most wildlife species) in
Australia, the occurrence of these three zoonotic
viruses from bats over 3 years suggests that
further prospective studies of diseases of wildlife
are warranted. Indeed, two paramyxoviruslike
viruses unrelated to any other known paramyx-
oviruses (K. Halpin, P.L. Young, unpub. results)
have recently been isolated from flying foxes.

Conclusions

The vector-borne and zoonotic diseases in
this editorial encompass three patterns of
emergence: known diseases increasing in
incidence or geographic range (e.g., dengue and
JE virus, respectively); new infectious agents as
etiologic agents of known diseases (e.g.,
Australian bat lyssavirus as a cause of a
rabieslike illness); and new infectious agents
causing previously unrecognized diseases (e.g.,
Hendra virus). All three patterns demonstrate
the need (and international responsibility) for
ongoing surveillance and monitoring. In Austra-
lia, surveillance is the legislative responsibility
of the individual states and territories. A
Communicable Diseases Network Australia-
New Zealand was established in 1989 to improve
the control of communicable diseases in
Australia by coordinating national surveillance
activities and responses to outbreaks and by
training public health staff. In 1996, Australia
developed a National Communicable Diseases
Surveillance Strategy to provide a national
framework to monitor infectious diseases and
plan and prioritize interventions. Components of
the strategy include improvements to the national
surveillance infrastructure, better monitoring of
diseases and surveillance data, and better
response to outbreaks. The strategy is being
implemented and may provide the mechanism for a
national response to new and reemerging diseases.
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The Economic Impact of
Staphylococcus aureus Infection in
New York City Hospitals

Robert J. Rubin, Catherine A. Harrington, Anna Poon, Kimberly
Dietrich, Jeremy A. Greene, and Adil Moiduddin
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We modeled estimates of the incidence, deaths, and direct medical costs of
Staphylococcus aureus infections in hospitalized patients in the New York City
metropolitan area in 1995 by using hospital discharge data collected by the New York
State Department of Health and standard sources for the costs of health care. We also
examined the relative impact of methicillin-resistant versus -sensitive strains of S.
aureus and of community-acquired versus nosocomial infections. S. aureus-associated
hospitalizations resulted in approximately twice the length of stay, deaths, and medical
costs of typical hospitalizations; methicillin-resistant and -sensitive infections had
similar direct medical costs, but resistant infections caused more deaths (21% versus
8%). Community-acquired and nosocomial infections had similar death rates, but
community-acquired infections appeared to have increased direct medical costs per
patient ($35,300 versus $28,800). The results of our study indicate that reducing the
incidence of methicillin-resistant and -sensitive nosocomial infections would reduce the

societal costs of S. aureus infection.

Each year approximately two million
hospitalizations result in nosocomial infections
(1). In a study of critically ill patients in a large
teaching hospital, illness attributable to nosoco-
mial bacteremia increased intensive care unit
stay by 8 days, hospital stay by 14 days, and the
death rate by 35% (2). An earlier study found
that postoperative wound infections increased
hospital stay an average of 7.4 days (3).

Staphylococcus aureus was the most com-
mon cause of nosocomial infections reported in
the National Nosocomial Surveillance System
between 1990 to 1996 (4). The leading cause of
nosocomial pneumonia and surgical site infec-
tions and the second leading cause of nosocomial
bloodstream infections (4), S. aureus also causes
community-acquired infections (e.g., osteomyeli-
tis and septic arthritis, skin infections,
endocarditis, and meningitis). More than 95% of
patients with S. aureus infections worldwide do
not respond to first-line antibiotics such as
penicillin or ampicillin (5). Additionally, methi-
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cillin-resistant strains of S. aureus (MRSA) are
common. First reported in the 1960s (6), MRSA
has become increasingly prevalent since the
1980s (7,8) and is now endemic in many hospitals
and even epidemic in some, with resistance in
approximately 30% of all S.aureus infections (8).

Vancomycin is the only drug that can
consistently treat MRSA. However, beginning in
1989, hospitals have reported a rapid increase in
vancomycin resistance in enterococci (VRE) (9).
Increased vancomycin use helps select for VRE,
and even a small increase in incidence of VRE
infection could lead to cross-resistance in
S. aureus, since genes conferring vancomycin
resistance might be transferred from VRE (10).
In 1996, Japan reported the first case of S.
aureus infection with intermediate resistance to
vancomycin (11). In 1997, two unrelated cases
of S. aureus infection with intermediate
resistance to vancomycin were reported in the
United States (Michigan and New Jersey) (12).
In both cases, patients had been treated with
multiple courses of vancomycin for repeated
MRSA infections over the 6 months before the S.
aureus infection with intermediate resistance to
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vancomycin; additionally, VRE colonization had
been diagnosed 7 months before the S. aureus
infection with intermediate resistance to vancomy-
cin in the New Jersey patient. The emergence of
S. aureus infection with intermediate resistance
to vancomycin in the United States suggests that
S. aureus strains are constantly evolving and full
resistance may develop (12).

The various ways of controlling MRSA (13)
are still being debated. The elimination of
endemic MRSA in hospitals is difficult and costly
(14-17). In general, infection control in the
United States is less stringent than in Canada
and in some European countries, where
identification of known carriers, prospective
surveillance of patients and hospital workers,
and use of nasal mupirocin have helped control
drug-resistant S. aureus infection rates (18).

Knowledge of the scope of the problem is
helpful for hospital administrators, insurers, and
medical personnel who make policy decisions on
control measures to prevent the spread of MRSA
and the emergence of vancomycin-resistant S.
aureus. However, the economic cost of S. aureus
infections is not well known. Many studies focus
on the cost of nonorganism-specific nosocomial
infections (2,19,20). Moreover, the reported cost
of a nosocomial infection varies because of the
wide range of study populations, sites of
infection, and methods used (16,21). The few
investigations into the cost of S. aureus
infections have focused on the differential cost of
MRSA and MSSA infections (22,23) and are case
studies of outbreaks in single hospitals. Thus,
they do not provide perspective on the scope of
the problem for a population over time.

We estimated the incidence, death rate, and
cost of S. aureus infections associated with
hospitalization in the New York City metropoli-
tan area in 1995. We selected this geographic
region because of its high prevalence of
multidrug-resistant infections (24,25). We also
compared the relative contributions of nosoco-
mial versus community-acquired infections and
methicillin-sensitive (MSSA) versus methicillin-
resistant S. aureus.

The Study
Data

The 1995 Statewide Planning and Research
Cooperative System (SPARCS) Administratively

Emerging Infectious Diseases

Releasable File was the primary source of data
(26). SPARCS is a database of all hospital
discharges in New York state, as reported by
hospitals to the State of New York Department of
Health, and the Administratively Releasable
File contains discharge information on hospital
location, patient characteristics (age, sex, race,
ethnicity), and visit characteristics (primary
diagnosis, secondary diagnoses, primary proce-
dure, secondary procedures, length of stay, total
charges, patient status, and disposition). We
analyzed data for hospitals in the following New
York City metropolitan area counties: Bronx,
Dutchess, Kings, Manhattan, Nassau, Orange,
Putnam, Queens, Richmond, Rockland, Suffolk,
Ulster, and Westchester. Data on infection
incidence or resource use not in SPARCS were
obtained through a comprehensive literature
search or estimated by a clinical panel consisting
of four physicians specializing in infectious
disease. Other sources for cost information were
the 1995 Medicare Fee Schedule (27) for physician
fees and the 1995 Red Book (28) for outpatient
pharmaceutical average wholesale prices.

Definitions

We identified patients with the most
common types of hospital-associated S. aureus
infections: pneumonia, bacteremia, endocarditis,
surgical site infections, osteomyelitis, and septic
arthritis (Table 1) from SPARCS, which uses the
International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM)
diagnosis codes (29). With the exception of ICD-
9-CM code 482.4 (staphylococcal pneumonia)
and 038.1 (staphylococcal septicemia), these
codes are not organism-specific.

To identify S. aureus infections, we used the
nonorganism—specific codes in conjunction with
an additional ICD-9-CM code to identify the
bacterial agent (i.e., 041.11 bacterial infection
due to S. aureus in conditions classified
elsewhere and of unspecified site). Patients with
multiple infections were counted only once in the
overall incidence rate. Their primary or first
occurrence of a diagnosis of interest was used.

Because source of infection (nosocomial
versus community-acquired) is not reported in
SPARCS, we assumed that specific types of
disease were either nosocomial or community-
acquired on the basis of the clinical panel
opinion (Table 2).
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Table 1. ICD-9-CM codes used to identify infections in Statewide Planning and Research Cooperative System

Type of Infection ICD-9-CM? Description
Pneumonia 482.4 Pneumonia due to staphylococcus
Bacteremia 038.1 Staphylococcal septicemia
790.7 Bacteremia
996.62 Infection and inflammatory reaction due to internal
vascular device, implant, and graft
Endocarditis 421.0 Acute and subacute bacterial endocarditis
996.61 Infection and inflammatory reaction due to cardiac device,
implant, and graft
Surgical site infection 998.3 Disruption of operation wound
998.5 Postoperative infection

Osteomyelitis

Septic arthritis

730.01-730.09
730.10-730.19
711.00-711.09
996.66

Acute osteomyelitis

Chronic osteomyelitis

Pyogenic arthritis

Infection and inflammatory reaction due to internal joint
problems

aInternational classification of diseases, 9th Revision, Clinical Modification, 1995.

Table 2. Definitions of nosocomial or community-acquired Staphylococcus aureus infections

Type of Infection

Nosocomial

Community-acquired

Pneumonia
Bacteremia

Endocarditis

Surgical site infection (SSI)
Osteomyelitis

Septic arthritis

Secondary diagnosis?®

Catheter- or surgery-
associated infections®

Prosthetic valve infections

All SSIs
None

Prosthetic joint infections

Primary diagnosis?

Noncatheter- and nonsurgical-
associated infections

Natural valve infections

None

All

Natural joint infections

a[CD-9-CM 482.4 as the primary diagnosis vs. 482.4 as one of several other diagnoses.
PI[CD-9-CM 996.62, or 038.1 associated with a surgical ICD procedure code, or 790.7 associated with a surgical ICD procedure

code.

Modeling the Incidence Rate

ICD-9-CM code 041.11 (bacterial infection
due to S. aureus) is not widely used by reporting
hospitals. Therefore, the incidence of S. aureus
infections based on the counts of 041.11 in SPARCS

would underestimate the number of cases. We
estimated the incidence of S. aureus infections
(except pneumonia) as follows (Table 3): the total
incidence of each type of infection (e.g.,
endocarditis) in SPARCS was multiplied by the

Table 3. Incidence of Staphylococcus aureus infections from research or clinical panel

Type of S. aureus
infection Description % Reference
Bacteremia Staphylococcal septicemia 50 30
Bacteremia 15 31,32
Infection and inflammatory reaction due to internal 16 4
vascular device, implant, and graft
Endocarditis Acute and subacute bacterial endocarditis 30 Clinical panel
Infection and inflammatory reaction due to 14 33
cardiac device, implant, and graft
Surgical site Disruption of operation wound and postoperative 20 4
infection infection
Osteomyelitis Acute and chronic osteomyelitis 50 34,35

Septic arthritis

Pyogenic arthritis

11 (age <5 yr) 33
33 (age 5-18 yr)
55 (age >18 yr)

Infection and inflammatory reaction due to 25 33

internal joint prosthesis
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estimated percentage attributable to S. aureus
(determined by research or clinical panel
opinion) to give the total number of infections
due to S. aureus. The incidence of pneumonia
was equated with the occurrence of the ICD-9-
CM code 482.4 (staphylococcal pneumonia). For
ICD-9-CM code 038.1 (staphylococcal septice-
mia), we assumed that only 50% of infections
were attributable to S. aureus (with the
remainder attributable to S. epidermidis) (30).

Modeling Death Rates

The death rates attributable to bacteremia,
endocarditis, or community-acquired pneumo-
nia were assumed to be equal to the death rates
found when these infections were coded as a
primary diagnosis in SPARCS and 041.11 was
used as a secondary diagnosis. For nosocomial
pneumonia, however, we assumed that the
attributable death rate was a percentage of the
actual death rate—for ventilator-associated
pneumonia patients, death rate is a function of
both the severity of underlying disease and the
pneumonia. A series of matched-cohort studies
have demonstrated that the death rate
attributable to ventilator-associated pneumonia
is 0% to 57% of the actual death rate (36-39). On
the basis of this research and expert panel
judgment, nosocomial pneumonia in ventilator-
associated pneumonia patients (identified by
ICD-9-CM V46.0 or V46.1) was assumed to have
an attributable death rate of 50% of the death rate
found in SPARCS (30,40). We assumed that the
attributable death rate of nonventilator-associ-
ated pneumonia was the death rate found in
SPARCS. On the basis of the low death rate found
in SPARCS (approximately 2%), we assumed that
no deaths were attributable to osteomyelitis,
septic arthritis, or surgical site infections.

Modeling Direct Medical Costs

Direct medical costs were defined as hospital
costs attributable to S.aureus infection, profes-
sional fees incurred during hospitalization, and
costs of other infection-related medical services
provided after discharge. For each infection,
total direct medical costs were calculated by
multiplying the average direct medical cost per
patient by the incidence of disease. Average
hospital costs attributable to S. aureus per
patient were assumed to be equal to the average
hospital charge from SPARCS when the
infection (e.g., pneumonia, bacteremia) was
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coded as a primary diagnosis and 041.11 was
used as a secondary diagnosis. Professional fees
incurred during hospitalization include physi-
cian visits and consultations for evaluation and
management, as well as radiologic, surgical, and
anesthesiologic costs. The average frequency of
physician services per patient was based on
clinical panel estimates. Costs of these services
were based on 1995 Medicare Payment Rates for
the Long Island, New York, area as an
intermediate point between New York City costs
and those of outlying counties.

Costs of medical services after discharge
include those of postdischarge complications (e.g.,
abscesses, aneurysms) requiring rehospitalization,
home-based intravenous antibiotic therapy, and
outpatient oral antibiotic therapy. The average
frequency of other medical services provided per
patient was based on clinical panel estimates.
Costs of hospital readmission were based on
SPARCS charges; costs of home-based intrave-
nous therapy were based on literature estimates
(40,41); and costs of outpatient medications were
based on average wholesale prices (25).

Modeling MRSA and MSSA S. aureus
Infections

SPARCS does not identify MRSA or MSSA
infections, and a code for infection with a drug-
resistant organism (V09) 1is rarely used.
Therefore, we modeled the comparative inci-
dence, death rate, and cost of MRSA and MSSA.
We computed the incidence of MRSA and MSSA
infections by using the estimate that 29% of
infections were due to MRSA (8). The clinical
panel estimated that 10% of community-
acquired infections were due to MRSA (includes
infections acquired at long-term care facilities).

The number of deaths for MRSA and MSSA
infections was estimated as follows: the clinical
panel estimated a risk ratio for death rates of
MRSA and MSSA infections, and deaths due to
MRSA and MSSA infections were calculated from
the estimated risk ratio and the overall number
of deaths due to S. aureus infection. We estimated
the direct medical cost per patient for MRSA and
MSSA infections as follows: differences in resource
use for those with MRSA and MSSA infections
were identified by the clinical panel; these
differences were converted into differences in cost
using a method similar to that described above
for modeling direct medical costs; and average
costs for MRSA and MSSA infections were
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calculated by using the average cost for an
S. aureus infection and the average difference in
cost between MRSA and MSSA infections.

Incidence, Death Rate, and Attributable
Costs

S. aureus Infection

Of 1,351,362 nonobstetrical hospital dis-
charges in SPARCS for New York City in 1995,
an estimated 13,550 (1.0%) were discharges of
patients with S. aureus infections (Table 4). The
total direct medical costs incurred by these
patients was an estimated $435.5 million—
average length of stay nearly 20 days, direct cost
of infection, $32,100 (Table 4). The number of
deaths was estimated at 1,400 (a 10% death rate).
In contrast, the hospital charges for the average

hospital stay in SPARCS (for all nonobstetrical
discharges) were $13,263—average length of
stay 9 days, death rate 4.1%. Thus, patients with
S. aureus infection had approximately twice the
cost, length of stay, and death rate of a typical
hospitalized patient.

Pneumonia and bacteremia represented
most S. aureus infections and accounted for 60%
of the total direct medical costs and 97% of the
number of deaths. Endocarditis caused the
longest stay (26 days) and highest direct cost per
patient ($47,200); surgical site infection caused
the shortest stay (14 days) and lowest direct
cost per patient ($21,810). Hospital charges
were an average of $29,000 (90% of the total
costs); professional fees were an average of
$2,300 (7%); and postdischarge costs repre-
sented $800 (3%) (Table 5).

Table 4. Incidence, length of stay, costs, and death rates of Staphylococcus aureus infections by type of infection

Direct Medical Cost

Length of stay Total Per patient _ Deaths
Type of infection Incidence (days) (M) (€3) Total %
Pneumonia 3,600 22.2 128.3 35,400 890 25
Bacteremia 4,400 18.0 137.0 31,300 470 11
Endocarditis 550 25.9 25.8 47,200 40 7
Surgical site infection 2,300 13.6 50.5 21,800 ND2 ND
Osteomyelitis 2,000 23.9 68.4 35,000 ND ND
Septic arthritis 700 22.0 25.5 35,100 ND ND
Total or average 13,550 19.8 435.5 32,100 1,400 10
aND=no data.

Table 5. Direct medical charges—average hospital
facility charges, professional fees, and postdischarge
costs per case

Profes- Post-
Hospital sional  discharge
Type of charges fees costs Total
infection $ %) $ 0 $ 0 3
Pneumonia 33,400 (94) 2,000 (6) ND2 35,400

Bacteremia 27,900 (89) 2,100 (7) 1,300 (4) 31,300

Endo- 41,700 (88) 4,300 (9) 1,200 (3) 47,200
carditis

Surgical 20,200 (93) 1,600 (7) ND 21,800
site
infection

Osteo- 30,000 (86) 3,200 (9) 1,800 (5) 35,000
myelitis

Septic 30,600 (87) 3,100 (9) 1,400 (4) 35,100
arthritis

Average 29,000 (90) 2,300 (7) 800 (3) 32,100

aND=no data.
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Nosocomial Infection

Nosocomial infections accounted for 46% of
the total incidence of S. aureus infections (6,300
infections), while community-acquired infec-
tions accounted for 54% (7,250 infections) (Table
6). Community-acquired pneumonia as a
primary diagnosis accounted for 12% (1,500) of
the total cases. If community-acquired pneumo-
nia is assumed to be mostly acquired in long-
term care facilities, most infections (58%) were
acquired institutionally. The cost attributable to
community-acquired infections ($35,300) was
approximately $6,500 higher on a per patient
basis than the cost attributable to nosocomial
infections ($28,800). The death rates attribut-
able to community-acquired and nosocomial
infections were similar (10.5% and 10.1%).
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MRSA Infection

MRSA infections accounted for 21% (2,780)
of the total S. aureus infection incidence (29% of
6,300 nosocomial infections plus 10% of 7,250
community-acquired infections), while MSSA
infections accounted for 79% (10,770) of total
infections (Table 6). The attributable cost of a
patient with MRSA was approximately $2,500
higher than the attributable cost of a patient
with MSSA ($34,000 versus $31,500). The higher
cost of MRSA infections is due to the higher cost
of vancomycin, longer hospital stay, and the cost
of patient isolation procedures. For nosocomial
infections alone, the cost attributable to MRSA
was approximately $3,700 higher on a per
patient basis than the cost attributable to MSSA
infections ($31,400 versus $27,700). The death
rate attributable to MRSA infections was
estimated at more than 2.5 times higher than that
attributable to MSSA infections (21% versus 8%).

Table 6. Incidence, length of stay, costs, and deaths of
Staphylococcus aureus infections by source of infection
and degree of resistance

Direct medical cost

Per
Source of Total patient Deaths
infection Incidence ($M) [€3) Total (%)
Nosocomial 6,300 181.0 28,800 640 10
Community 7,250 254.5 5,300 760 11
Pneumonia 1,500 51.7 34,900 380 25
Non- 5,750 202.8 35,400 380 7
pneumonia
MRSA?2 2,780 94.5 34,000 590 21
MSSAP 10,770 339.4 31,500 810 8

aMethicillin-resistant strains of S. aureus.
bMethicillin-sensitive strains of S. aureus.

Sensitivity Analyses

Although assumed to be underused in
SPARCS, the ICD-9-CM code 041.11 represents
a lower boundary of the total incidence of S.
aureus infection. In SPARCS, code 041.11 was
used 7,366 times associated with a diagnosis of
interest (e.g., endocarditis) and represented a
total cost of $236.4 million and a death rate (740
deaths) of 2% (Table 7). The upper boundary of
the total cost of S. aureus infections was
calculated by assuming that all hospital charges
and deaths of patients with S. aureus infections
were attributable to the infection, representing a
total cost of $599 million and a death rate of
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Table 7. Sensitivity analyses

Direct
medical cost
(€3] Deaths

Study results 435.5 1,400
Lower boundary: 236.4 740

only 041.11 cases
Upper boundary:

all costs attributable 599.0 1,960

14.5% (1,960 deaths). We conducted sensitivity
analyses (varying the percentage of nosocomial
MRSA; percentage of patients isolated; differ-
ence in length of stay between patients with
MRSA and MSSA; attributable length of stay for
patients with ventilator-associated pneumonia;
number of S. aureus catheter infections; and
percentage of S. aureus—caused bacteremia,
septicemia, and postoperative infections) and
found that the difference in cost per case between
MRSA and MSSA infections was $1,700 to $5,100.

Comments

Our sensitivity analysis shows that we did
not vastly over- or underestimate the direct
medical costs of S. aureus infections in New York
City. However, the study had several limitations;
it was retrospective, and the data sources were
not validated by other means (e.g., interviews or
chart review). Therefore, coding errors in this
database may affect the results. The clinical
panel estimates we used to model differences
between MRSA and MSSA may lead to some
inaccuracy in those difference estimates. Thus,
our comparison of costs and deaths between
MRSA and MSSA should be viewed as a best
approximation in the absence of case-control
data or a multivariate analysis of a well-defined
patient population.

Our estimates of the cost per infection are
generally higher than estimates in studies
reviewed by Jarvis (19). A major reason may be
our focus on New York City, where costs are
much higher than in other areas of the United
States. In addition, earlier studies have used
only hospital costs. Our perspective was societal;
therefore, we included physician fees and
outpatient costs, as well as hospital charges.
Finally, most of these studies focused on non—
organism-specific nosocomial infections; S. aureus
infections may have a higher average cost per
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episode than infections of other organisms (42).
On the other hand, we used conservative
estimates for certain costs. Medicare prices for
professional services are generally lower than
commercial rates. Also, we did not account for
postdischarge complications that did not lead to
hospitalization. Additionally, our societal esti-
mates did not include the cost of dying or lost
productivity associated with these illnesses.

Despite its limitations, this study shows that
hospitalizations associated with S. aureus are
serious and have high medical costs and death
rates. The average length of stay attributable to
S. aureus infection for these patients was very
high, 20 days—nearly three times the average
for any other type of hospitalization (43). The
increased length of stay in turn leads to increases
in direct medical costs, with an average cost per
case of $32,100 in 1995.

Treating an MRSA infection costs 6% to 10%
more than treating an MSSA infection ($2,500 to
$3,700 per case). This cost difference does not
reflect MRSA’s greater virulence; rather, it
reflects the increased cost of vancomycin use and
isolation procedures (if used). These estimates
are slightly lower than the difference of $5,104
found by Wakefield et al. (21), perhaps because
they focused on the cost of serious S. aureus
infections, while our analysis examined all
hospitalizable S. aureus infections.

Patients with MRSA infections have a high
average attributable death rate of 21% versus 8%
for an MSSA infection. Some of the death rate
difference may be related to the underlying
condition of patients who become infected with
MRSA (e.g., older patients, drug users, sicker
patients, patients previously exposed to other
antibiotics) (44) and to the lack of effectiveness of
vancomycin itself in curing MRSA. (Vancomycin
has a narrow therapeutic index that allows little
room for increasing blood concentration without
incurring substantial losses in tolerance [45]).

Both MSSA and MRSA infections are
associated with high costs and large numbers of
deaths in the New York City metropolitan area.
The costs and deaths associated with S. aureus
infections may dramatically increase if the newly
isolated S. aureus infection with intermediate
resistance to vancomycin spreads or if VRSA
emerges. For example, after penicillin-resistant
S. aureus appeared in the 1950s, the death rate
of bacteremia increased from 28% to 50% at the
University of Minnesota (Figure) (46). After
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methicillin was introduced, the death rate
decreased (47). Efforts should be directed toward
reducing the incidence of MRSA and MSSA
nosocomial infections to reduce their economic
impact on society.

100
90 .
80 Preantibiotic
70
60
50]
0]
30 Penicillin usage
20
101

0" 1937

Penicillin-resistant
Staphylococcus aureus

Methicillin usage

Death rate (%)

', 1944 1954 1962
t t

Introduction of penicillin  Introduction of methicillin

Figure. Death rate of staphylococcal bacteremia over
time. (Data from 46, 47.)
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Socioeconomic and Behavioral Factors
Leading to Acquired Bacterial Resistance
to Antibiotics in Developing Countries

Iruka N. Okeke,* Adebayo Lamikanra,* and Robert Edelmany
*Obafemi Awolowo University, Ile-Ife, Nigeria; and tUniversity of Maryland
School of Medicine, Baltimore, Maryland, USA

In developing countries, acquired bacterial resistance to antimicrobial agents is
common in isolates from healthy persons and from persons with community-acquired
infections. Complex socioeconomic and behavioral factors associated with antibiotic
resistance, particularly regarding diarrheal and respiratory pathogens, in developing
tropical countries, include misuse of antibiotics by health professionals, unskilled
practitioners, and laypersons; poor drug quality; unhygienic conditions accounting for
spread of resistant bacteria; and inadequate surveillance.

Acquired bacterial resistance is common in
isolates from healthy persons and from patients
with community-acquired infections in develop-
ing countries, where the need for antibiotics is
driven by the high incidence of infectious disease
(1). Among isolates of diarrheal, respiratory, and
commensal enteric pathogens (2-5), resistance is
increasing, particularly to first-line, inexpen-
sive, broad-spectrum antibiotics (Table 1).

Furthermore, introduction of newer drugs (e.g.,
fluoroquinones) has been followed relatively
quickly by the emergence and dissemination of
resistant strains (5). The selection and spread of
resistant organisms in developing countries,
which can often be traced to complex
socioeconomic and behavioral antecedents,
contribute to the escalating problem of
antibiotic resistance worldwide.

Table 1. Pathogens with a steadily increasing prevalence of acquired antibiotic resistance in developing tropical

countries
Pathogen Drug(s) Country (years) Ref.
Shigella flexneri, ampicillin, tetracycline, sulfonamides Bangladesh (1983-1990) (6)
S. dysenteriae (alone or with trimethoprim), Brazil (1988-1993) @)
nalidixic acid Rwanda (1983-1993) (8)
Thailand (1981-1995) 5)
Vibrio cholerae cotrimethoxazole, nalidixic Guinea-Bissau (1987-1995) (9)
acid, ampicillin India (1993-1995) (10)

Salmonella typhi

ampicillin, chloramphenicol,

Bangladesh (1989-1993) 3)

cotrimethoxazole
Salmonella (nontyphoidal) cotrimethoxazole Thailand (1981-1995) ®)
Enterotoxigenic Escherichia coli cotrimethoxazole Thailand (1981-1995) (5)
Campylobacter fluoroquinolones Thailand (1987-1995) 5)
Mycobacterium tuberculosis isoniazid, streptomycin, rifampicin Kenya (1981-1990) 11)
(primary resistance) Morocco (1992-1994) (12)
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Misuse of Antibiotics by Physicians in
Clinical Practice

Antibiotic use provides selective pressure
favoring resistant bacterial strains; inappropri-
ate use increases the risk for selection and
dissemination of antibiotic-resistant bacteria,
which are placed at a competitive advantage.
Therefore, one would expect that drugs more
commonly affected by bacterial resistance in
developing countries are generally inexpensive
and popular broad-spectrum agents (2-5,13).
However, the relationship between antibiotic
use and the emergence and spread of resistance
is complex. Antibiotic use in clinical practice
alone cannot explain the high frequency of
resistant organisms in developing countries
(14,15). Nevertheless, excessive clinical use (a
form of misuse) is at least partially responsible
for the escalating rates of resistance, especially
in hospital settings, worldwide. The unnecessary
prescription of antibiotics seen in industrialized
nations has also been documented in many
developing countries, particularly in cases of
acute infantile diarrhea and viral respiratory
infections (16-22). Clinical misuse of antibiotics
may be more common among private practitio-
ners than among public health personnel—
private practitioners charge higher fees, the
demand for antibiotics seen in private patients is
higher, and more drugs are available in private
clinics than in public hospitals (23-25).

Several strategies have been proposed for
combating the inappropriate use of antibiotics by
clinicians (26). Antibiotic monitoring systems
and hospital formularies or antibiotic treatment
protocols often reduce antibiotic prescription
rates (24,27). Adoption of a national essential drug
list can limit the antibiotics available to prescribers
(28,29). However, implementation of these
strategies does not guarantee optimal antibiotic
use by clinicians in developing countries because
the irregular drug supply, availability of drugs
from unofficial sources, and financial constraints
also affect antibiotic choices (30-32).

Continuing medical education changes the
attitude of clinicians. Studies of antibiotic
misuse in Cuba and Pakistan (33,34) recommend
continuing medical education for health workers
as the single most important tool for combating
antibiotic misuse. A study in Zambia has
demonstrated the efficacy of education in
reducing antibiotic prescription rates (35).
However, education has not been successfully
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implemented in many developing countries,
where too often, governments and health
workers cannot afford the time and money
required for continuing medical education (36).
Health workers in many developing coun-
tries have almost no access to objective health
information (24). Pharmaceutical company
representatives typically outnumber practitio-
ners and often adversely influence their
prescription habits (37), as reflected by sales of
nonessential drugs and drug combinations (38).
Drug labels and package inserts often fail to
provide accurate information (39), and in
industrialized countries, patients often pres-
sure physicians to prescribe antibiotics (19).

Misuse of Antibiotics by Unskilled
Practitioners

In many developing countries, well-trained
health personnel are scarce and cannot serve the
entire population, especially in rural areas.
Community health workers and others with
minimal training treat minor ailments (40). The
qualifications and training of community health
workers, as well as the quality of care they
provide, vary from country to country. Unskilled
personnel are less aware of the deleterious
effects of inappropriate antibiotic use. For
example, pharmacy technicians in Thailand
prescribed rifampicin for urethritis and tetracy-
cline for young children (41). Unqualified drug
sellers offer alternative drugs when the
prescribed drugs are out of stock or refill
prescriptions without consulting the prescriber
(42,43). In India, traditional healers often
dispense antibiotics (44). A high proportion of
patients in some developing countries are treated
by untrained practitioners simultaneously with
oral and injectable antibiotics administered with
contaminated needles and syringes (45-47) for
misdiagnosed noninfectious diseases (48).

Misuse of Antibiotics by the Public

In most developing countries, antibiotics can
be purchased without prescription, even when
the practice is not legal. In many African, Asian,
and Latin American countries, antibiotics are
readily available on demand from hospitals,
pharmacies, patent medicine stalls (drugstores),
roadside stalls, and hawkers (17,43,46,49-53). In
rural Bangladesh, for example, 95% of drugs
consumed for 1 month by more than 2,000 study
participants came from local pharmacies; only
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8% were prescribed by physicians (54). People
are encouraged to buy from unofficial distribu-
tors because drugs often are not available in
government hospitals (55). Drug vendors usually
have little or no knowledge of the required
dosage regimen, indications, or contraindications
(43,45,55). In markets and public transport in
West African countries such as Cameroon (49)
and Nigeria (Okeke and Lamikanra, pers. obs.),
the vendor (usually a medically untrained
salesman) tries to convince potential buyers to
purchase the drug, even if they are not ill.

To save time and keep 