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Conflict and Emerging
Infectious Diseases

Michelle Gayer,* Dominique Legros,* Pierre Formenty,* and Maire A. Connolly*

Detection and control of emerging infectious diseases
in conflict situations are major challenges due to multiple risk
factors known to enhance emergence and transmission of
infectious diseases. These include inadequate surveillance
and response systems, destroyed infrastructure, collapsed
health systems and disruption of disease control programs,
and infection control practices even more inadequate than
those in resource-poor settings, as well as ongoing insecu-
rity and poor coordination among humanitarian agencies.
This article outlines factors that potentiate emergence and
transmission of infectious diseases in conflict situations and
highlights several priority actions for their containment and
control.

An emerging infectious disease is one that is either newly
recognized in a population or involves a recognized
pathogen affecting new or larger populations or geographic
areas (1,2). Disease emergence is influenced by ecologic
and environmental changes (e.g., agriculture, deforestation,
droughts, floods), human demographics and behavior (e.g.,
population migration, urbanization, international trade and
travel), technology and industry, microbial adaptation, and
breakdown in public health measures (1,2).

Conflict situations are characterized by war or civil
strife in a country or area within a country. Affected popu-
lations may experience defined periods of violence (weeks
to months), ongoing or recurrent insecurity in a protracted
conflict (years to decades), or long-term consequences of a
previous (usually prolonged) war.

Conflict may lead to the displacement of large popu-
lations into temporary settlements or camps with over-
crowding and rudimentary shelters, inadequate safe water
and sanitation, and increased exposure to disease vectors
during the acute phase of the emergency. In protracted and

*World Health Organization, Geneva, Switzerland
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postconflict situations, populations may have high rates of
illness and mortality due to breakdown of health systems,
flight of trained staff, failure of existing disease control
programs, and destroyed infrastructure. These populations
may be more vulnerable to infection and disease because of
high levels of undernutrition or malnutrition, low vaccine
coverage, or long-term stress. Long-term consequences of
civil war can affect entire countries (such as Angola, the
Democratic Republic of the Congo [DRC], or Afghanistan)
because of chronic lack of investment in health, education,
and public works. These conditions, which are encountered
during or after war and conflict, favor emergence of infec-
tious diseases. Examples of emerging infectious diseases in
conflict situations, where several overlapping risk factors
are often involved, are numerous (Figure).

Risk Factors Enhancing Disease Emergence
and Transmission in Conflict Situations

Population Displacement and
Environmental Conditions

Malaria had been virtually eliminated in Tajikistan in
the early 1960s, and before 1992 only 200-300 malaria
cases were reported annually (3). Civil strife during 1992—
1993 led to massive population displacement and deteriora-
tion in living conditions. More than 100,000 persons fled
to Afghanistan, reintroducing malaria parasites when they
returned in 1994. An outbreak ensued, which reestablished
Plasmodium falciparum malaria in Tajikistan for first time
in 35 years (4). By 1997, 29,794 annual cases were report-
ed, although estimates were 200,000-500,000 for that year
(3). During 1998-1999, a reemphasis on malaria control
activities reduced the incidence of malaria by 50% within 2
years (29,794 registered cases in 1997, 19,351 in 1998, and
13,493 in 1999) (5).
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Figure. Geographic distribution of recent emerging or reemerging
infectious disease outbreaks and countries affected by conflict,
1990-2006. Countries in yellow were affected by conflict during this
period (source: Office for the Coordination of Humanitarian Affairs,
World Health Organization, www.reliefweb.int/ocha_ol/onlinehp.
html). Symbols indicate outbreaks of emerging or reemerging
infectious diseases during this period (source: Epidemic and
Pandemic Alert and Response, World Health Organization, www.
who.int/csr/en). Circles indicate diseases of viral origin, stars
indicate diseases of bacterial origin, and triangles indicate diseases
of parasitic origin. CCHF, Crimean-Congo hemorrhagic fever;
SARS-CoV, severe acute respiratory syndrome coronavirus.

Lassa fever containment requires control of the rodent
vector, good surveillance, and infection control in health-
care facilities. In West Africa, surveillance has been poor
and the extent of Lassa fever is unknown. However, in the
1980s an estimated >200,000 cases and 3,000-5,000 deaths
occurred annually across this region (6). In disease-endemic
areas of Sierra Leone and Liberia, Lassa fever causes an es-
timated 10%—16% of hospitalizations (7). Civil war in the
Mano River Union countries (Guinea, Liberia, and Sierra
Leone) in the 1990s led to >2 million displaced persons and
is likely to have provided new opportunities for rodents to
proliferate when persons were forced to abandon villages
and relocate in overcrowded camps. However, numbers of
new cases related to the conflict are unavailable. Emergence
of Lassa fever in camps in non—disease-endemic areas has
been documented (World Health Organization [WHO], un-
pub. data) and is probably related to the poor condition of
dwellings and storage of grain rations in nonsecure canvas
sacks, which attracts rodents.

Similarly, unsanitary environmental conditions led to
the proliferation of rats in postwar Kosovo and resulted in
a tularemia outbreak among the displaced population from
August 1999 through April 2000, with 327 serologically
confirmed cases in 21 of 29 municipalities (8). The popu-
lation had fled their villages because of bombings, and
on their return several weeks later, they found destroyed
buildings, contaminated food stores and wells, and a great-
ly increased rodent population. Control measures included

1626

appropriate case management, improving water and waste
management, health education on hygiene, and protection
of food and water sources from rats.

Breakdown in Infection Control

Poor infection control practices in healthcare facilities
have enabled amplification of outbreaks of viral hemor-
rhagic fevers (9). Medical settings have been the foci for
several outbreaks of Ebola hemorrhagic fever (EHF) in
Yambuku, DRC, in 1976, in Sudan in 1976 and 1979, in
Kikwit, DRC, in 1995, and in Gulu, Uganda, in 2000 (9).
Compared with other resource-poor settings, conflict situa-
tions, because of disrupted health services, may have even
more substandard infection control, insufficient trained
staff, and personal protective equipment (PPE), which
make EHF containment difficult. The natural reservoir for
this disease is present in countries affected by prolonged
civil strife, and 11 of the 17 EHF outbreaks from 1976
through 2006 occurred in conflict-affected countries (10).
Two of the largest outbreaks of EHF have been in conflict-
affected countries, with nosocomial transmission playing
a major role. The EHF outbreak in Kikwit, DRC, was the
second largest to date with 315 cases and had a case-fatal-
ity rate (CFR) of 81% (10). Before infection control proce-
dures were instituted in the hospital, 79 healthcare workers
were infected compared with only 1 afterwards. These pro-
cedures included establishing an isolation facility; ensuring
safe water, sanitation, and waste disposal; and providing
PPE for staff (11). The Ebola outbreak in Gulu was the
largest recorded to date (425 cases, CFR 53%), with noso-
comial transmission being 1 of 3 mechanisms of spread
(the others were attendance at burials and unsafe home care
of EHF patients) (12).

The outbreak of Marburg hemorrhagic fever in An-
gola from October 2004 through July 2005 was the first
outbreak in an African urban setting and the most lethal
(374 cases, CFR 88%) (9,13). Thirty years of civil war had
destroyed infrastructure, left roads mined, and left medical
services with untrained staff and a persistent lack of sup-
plies (9,13). Healthcare centers were primarily responsible
for amplification of the outbreak through reuse of needles
and syringes and use of multidose vials in healthcare cen-
ters due to poor training in safe injection practice (WHO,
unpub. data).

Years of war in Sierra Leone during the 1990s weak-
ened health systems and led to a long-term deterioration in
infection control practices. As a result, a nosocomial out-
break of Lassa fever occurred in Kenema District Hospi-
tal from January through April 2004. A total of 410 cases
occurred with a CFR of 30% (Ministry of Health Sierra
Leone and WHO, unpub. data). The outbreak started in the
pediatric ward, where nosocomial transmission likely re-
sulted from use of contaminated multiuse vials and reuse
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of contaminated needles and syringes. Children discharged
into the community were readmitted with suspected Lassa
fever into the Lassa ward and comprised most of the pedi-
atric cases in this outbreak (14). A total of 50% of the case-
patients were <15 years of age and several deaths occurred
among healthcare workers (14). The CFR was particularly
high in young children (50% in those <5 years of age [132
cases] and 71% in those <1 year of age [41 cases]). The av-
erage CFR for Lassa fever is 1% and can be as high as 15%
in hospitalized patients (15). During outbreaks, the CFR
can reach 50% among hospitalized patients (7).

Disruption of Disease Control Programs
and Collapse of Health Systems

Malaria had virtually been eliminated in Afghanistan
by the end of the 1970s after implementation of vector
control programs in the 1960s and 1970s. However, with
the onset of civil war in 1978, which continued almost
without interruption until 1995, control programs col-
lapsed and enabled malaria reemergence, including P.
falciparum malaria; >50% of the population now live
in malaria-endemic areas (16). The number of cases has
been decreasing since the introduction of artemisinin-
based combination therapy in the national malaria treat-
ment protocol in 2003 (Table 1) (17).

There was a significant recrudescence of sleeping sick-
ness (human African trypanosomiasis) in the 1990s, pre-
dominantly in conflict-affected Angola, DRC, and Southern
Sudan. In particular, the DRC has had a dramatic resur-
gence of this disease as a direct consequence of conflict.
In 1930, >33,000 new cases were detected; by 1958, after
active case finding and treatment, this incidence decreased
to ~1,000 new cases. Control measures were interrupted in
the 1990s because of conflict, which resulted in >150,000
new cases from 1989 through 1998, with 26,000 cases in
1998 (18). Since 1998, detection and treatment have been
reinforced in Africa, and new cases have decreased sub-
stantially amid larger populations being screened in the
DRC (Table 2) (19). However, despite intensification of
control measures, all major outbreaks in 2005 occurred in
conflict-affected countries (Angola, DRC, and Southern
Sudan) (20).

Inadequate Surveillance and Early
Warning and Response Systems

Surveillance systems are often weak in conflict situa-
tions, which results in delays in detection and reporting of
epidemics. Limited laboratory facilities and lack of exper-
tise in specimen collection may delay confirmation of the
causative organism. Outbreak investigation and implemen-
tation of control measures may be hampered by fighting,
impeded access to populations, destroyed infrastructure,
limited coverage of healthcare services, poorly trained

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 13, No. 11, November 2007
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Table 1. Officially reported malaria cases in Afghanistan, 2002—
2005

Year No. cases Plasmodium falciparum confirmed
2002 629,839 83,783
2003 586,602 44,243
2004 261,456 9,212
2005 281,888 5,017

health staff, and difficult logistics that prevent delivery of
drugs.

An outbreak of Marburg hemorrhagic fever in Durba
in northeastern DRC from October 1998 through Septem-
ber 2000 was the first large outbreak in rural areas under
natural conditions (154 cases, CFR 83%). The area had
been affected by civil war since 1997 and was controlled
by Congolese rebels and Ugandan soldiers when the out-
break occurred. Although the outbreak was first reported to
the national authorities in October 1998 by the chief medi-
cal officer for the health zone, an investigation was only
launched after the medical officer died of this disease on
April 23, 1999 (21). This Marburg fever outbreak was con-
firmed on May 6, and an international team arrived at the
government’s request on May 8. Given that the area was
difficult to access because of security problems and poor
communications and transport infrastructure, the outbreak
was already decreasing by the time the international team
arrived. Only 8 cases were laboratory confirmed, and 68
were identified retrospectively by the team, which left after
3 weeks (21). Sporadic cases continued to occur until Sep-
tember 2000, although data were collected retrospectively
by a second international team.

Before the implementation of the Early Warning and
Response Network in Southern Sudan in 1999 by WHO in
collaboration with local authorities and nongovernmental
organizations (NGOs), it took 6 months to respond to a re-
lapsing fever outbreak in 1998, which resulted in >400,000
cases and >2,000 deaths. In 2000, alerts of a relapsing fever
outbreak were received within 1 week and responded to by
a local team; the outbreak was contained within 2 weeks,
resulting in only 154 cases and 8 deaths (22).

Impeded Access to Populations

Ongoing conflict can hamper access to populations for
timely delivery of supplies and implementation of control
measures during an outbreak. Several outbreaks of pneu-

Table 2. New cases of trypanosomiasis per year, total population
screened, and no. mobile teams for active case finding,
Democratic Republic of the Congo

Year New cases Total screened Mobile teams
1930 >33,000 3,000,000 Unknown
1958 1,218 6,000,000 250
1992 5,825 525,464 4
1998 26,318 1,472,674 33
2003 10,900 2,700,000 40
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monic plague have been documented in Oriental Province
in northeastern DRC, where war has hampered control ef-
forts. Outbreaks occurred in a camp for mine workers in the
Bas-Uele District (134 cases, CFR 43%) from December
2004 through March 2005 (23) and in the Ituri District (100
cases, CFR 19%) from May through June 2006 (24). In
these outbreaks, achieving humanitarian access to relevant
sites was difficult because of security problems, which de-
layed travel by response teams for investigation and imple-
mentation of control.

Access to populations to conduct vaccination cam-
paigns may also be interrupted for months to years during
protracted conflict due to long-term inadequacies in cold
chain and logistics or ongoing insecurity. Low vaccine cov-
erage has played the major role in reemergence of polio-
myelitis in conflict-affected countries and has also pushed
back global polio eradication targets. Conflict in Somalia
since 1991 resulted in polio vaccination coverage for the
required 3 polio doses being only 35% in 2005 (25). Soma-
lia had been free of polio since 2002 when a large outbreak
occurred in Mogadishu in 2005. By September 2006, 14
of the 19 regions in Somalia were affected with 215 cases
(26). In May 2004, a patient infected with poliovirus was
confirmed during the Darfur conflict, the first case in Su-
dan since 2001. By January 2005, a total of 105 cases had
been confirmed in 17 of the 26 states in Sudan (27). Six
rounds of national immunization campaigns vaccinated 8.1
million children <5 years of age in 2005, with the last case
reported in June 2005. A total of 154 cases were reported in
the 20042005 outbreak (28).

Interruption of routine immunization programs com-
bined with forced migration of populations caused by
conflict has also contributed to the resurgence of yellow
fever in Africa (29). This resurgence began with the 1990
epidemic in Cameroon, then spread into conflict-affected
West Africa, which since 1995 has been the most affected
African region. Ten countries in Africa at risk from yellow
fever have been affected by conflict, and multiple outbreaks
have occurred in 6 of them: Angola (1988), Liberia (1995,
1996, 1997, 2000, 2001, and 2004), Sierra Leone (2003),
Cote d’Ivoire (2000 and 2001), Guinea (2001 and 2005),
and Sudan (2003 and 2005). The 2005 outbreak in Sudan
resulted in a high CFR of 25% (30).

Development of Drug Resistance

Pathogen resistance to drugs can contribute to disease
emergence. Resistance may develop more rapidly in con-
flict situations because of inappropriate diagnoses or in-
appropriate drug regimens and outdated drugs. Treatment
compliance may be poor because of purchase of insuffi-
cient quantities of drugs, selling or saving of them by pa-
tients, or interrupted treatment with sudden displacement
or irregular access to healthcare facilities. In addition, pri-
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vate pharmacies, which can flourish in conflict situations
because of no regulation, can compound this problem with
drugs of unknown quality and acceptance of prescriptions
from unqualified prescribers.

In an outbreak of Shigella dysenteriae type 1 infection
in a Rwandan camp for Burundian refugees fleeing civil
war in 1993, <50% of patients complied with their 5-day
antimicrobial drug treatment. A high attack rate of 32%
was observed among 20,000 people in that camp, with a
CFR of 4%. S. dysenteriae type 1 isolated from 3 of 7 stool
samples was resistant to nalidixic acid (31). Refugee popu-
lations had higher anti-tuberculosis (TB) drug resistance
rates than nonrefugee populations in northeastern Kenya.
Drug resistance to >1 drug was observed in 18% of newly
diagnosed sputum-positive TB patients (with multidrug re-
sistance in 3%) in refugee populations compared with 5%
(and no multidrug resistance) in nonrefugee populations
(32). A study of patients receiving short-course therapy for
TB in an active war zone in Somalia during 1994—1995
showed that although treatment completion or cure was
achieved in 70% of pulmonary TB patients, 14.5% of pa-
tients defaulted treatment (33), which is almost double the
acceptable default rate limit for TB control programs in
such settings (34).

Movement of Refugees and Aid Workers

International spread of infectious diseases from con-
flict situations may occur through movement of refugees,
relief workers, animals, goods, and private sector employ-
ees working in mining, oil, logging, or construction indus-
tries. A prolonged outbreak of hepatitis E virus in a camp in
Darfur, Sudan, in May 2004 had >2,600 cases in 6 months,
an attack rate of 3.3%, and a CFR of 1.7% (35). The out-
break occurred during an acute conflict in a setting with >1
million displaced persons crowded into camps with little
access to safe water because of drought and inadequate
sanitation. The outbreak subsequently spread into neigh-
boring eastern Chad in June 2004 because of movement of
Sudanese refugees fleeing Darfur.

Rebuilding and rehabilitation efforts in postconflict
Sierra Leone have placed aid workers, United Nations
peacekeeping forces, and businessmen at risk for contract-
ing Lassa fever and enabled importation of cases to indus-
trialized countries. Deaths from Lassa fever occurred in
humanitarian workers in 2000, including United Nations
peacekeepers (36,37). An imported case of Lassa fever
was confirmed in Germany in July 2006, after the patient,
a Sierra Leonean resident, flew from Freetown to Frank-
furt through Abidjan and Brussels, 5 days after symptom
onset (36). A businessman born in Liberia and residing in
the United States died of Lassa fever in 2004 after traveling
between Sierra Leone and Liberia before his illness (38).
Aid workers and British soldiers have imported Lassa fever
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into the Netherlands (2000) and the United Kingdom (2000
and 2003) after postings in Lassa-endemic areas of Sierra
Leone (36).

There is also a hypothetical possibility that aid workers
returning from a containment zone of an emerging infec-
tious disease, such as novel pandemic influenza, may intro-
duce the virus causing this pandemic into conflict settings.
This introduction may reduce the time for preparedness,
which can lead to increased illness, death, and social dis-
ruption in these already vulnerable populations.

Improving Detection and Control of
Infectious Diseases in Conflict Situations

Detection and control of many emerging infectious
diseases primarily require a functional healthcare system.
This system involves investment in primary healthcare in-
frastructure, human resources, training, and provision of
essential drugs, supplies, vaccines, and equipment. NGOs,
United Nations agencies, and international organizations
are providing crucial humanitarian assistance to many con-
flict-affected populations in coordination with relevant au-
thorities.

In such settings, good hygiene and standard infection
control precautions in health facilities are needed to reduce
the potential for nosocomial transmission and amplification
of disease. Correct guidance must be given on the rationale
for infection control and use of PPE and isolation according
to an assessment potential exposure and risk for infection.
This guidance must be supported by ensuring a sustained
supply of PPE, soap, disinfectants, sterilizing material, and
single-use injection supplies so that shortages do not occur
and force breaches in infection control.

It is imperative that the technical capacity of all hu-
manitarian health partners and ministries of health regard-
ing disease surveillance, prevention, and control in con-
flict-affected countries be enhanced to ensure effective
implementation of infectious disease interventions. This
implementation can be achieved through availability of
internationally accepted standards, guidelines, and tools
adapted to conflict situations, which can be supported by
specific training of health planners and health facility staff,
and rapid mobilization of international experts to provide
technical field support as required. As in resource-poor set-
tings, building the capacity of national staff must be an in-
tegral part of program implementation, especially in times
of heightened insecurity, when staff often remain behind in
areas and continue working.

Data on disease incidence and trends are essential for
prioritizing risks and planning interventions and should be
obtained through disease surveillance and early warning
and response systems. Several of these systems have been
implemented in conflict situations. These systems include
those in Southern Sudan and for Kosovar refugees in Al-
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bania in 1999, in Darfur, Sudan, in 2004, and in Basrah
Governorate, Iraq, in 2003, and resulted in early detection
and response to outbreaks of EHF in Yambio in Southern
Sudan in 2005, hepatitis E in Darfur in 2004, and cholera
in Basrah in 2003.

Surveillance systems rely on close partnerships with
NGOs, international organizations, and community groups
and are built on resources and capacities of all organiza-
tions present. Effective surveillance systems in emergencies
have involved selecting a small number of syndrome-based
priority events, using standard surveillance forms, simpli-
fying case definitions, health facilities weekly reporting of
data, immediate reporting if set alert thresholds are passed,
and establishing community mechanisms for identifying
disease clusters.

Epidemic preparedness measures to be taken should
involve training staff to use surveillance tools and manage
cases of epidemic-prone diseases and equipping them with
reliable means of communication. Isolation facilities and
laboratories for pathogen confirmation must be identified in
advance, and support must be provided to local institutions
regarding training and supplying equipment and reagents.
Mechanisms should be formulated for specimen transport
and stockpiling of essential drugs, supplies, and outbreak
investigation kits. Data should be analyzed locally and reg-
ular feedback provided (e.g., a weekly bulletin) to health
partners. A rapid response mechanism for investigation
alerts and implementation of control measures as outlined
in outbreak preparedness plans (e.g., by an interagency out-
break control committee) are also crucial.

Revised International Health Regulations of 2005 pro-
vide a global legal framework to guide response to public
health events of international concern. Conflict-affected
countries represent one of the weakest links in global health
security and should be prioritized by the international com-
munity in provision of technical and operational support
to implement core capacities for detection and response to
epidemics.

Military forces are increasingly implementing aid pro-
grams for conflict-affected populations. These programs
have a crucial role and are a valuable resource. However,
military aid can affect the neutrality of humanitarian aid.
A consistent and transparent policy is needed for military
humanitarian interventions, as well as extensive civil-mili-
tary liaisons and close cooperation with other humanitarian
agencies (39).

Given that healthcare in conflict situations is delivered
by a wide range of national and international agencies, ex-
tensive collaboration between relevant health authorities
and implementing partners should be encouraged. During
an international response to an outbreak, coordination be-
tween partners and national authorities is usually ensured
by WHO, which can also mobilize international experts
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from various institutions belonging to its Global Outbreak
Alert and Response Network.

Detection, containment, and control of emerging in-
fectious diseases in conflict situations are major challenges
because of multiple risk factors that promote disease trans-
mission and hinder control even more than those in many
resource-poor settings. Beyond the global public health im-
perative to prevent the emergence and international spread
of infectious diseases, there is also a moral imperative to
alleviate the effects of these diseases on already vulnerable
conflict-affected populations.

Dr Gayer works for WHO in Geneva. Her research interests
include infectious disease surveillance, monitoring, and control in
conflict situations and after natural disasters.
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Danish Integrated Antimicrobial
Resistance Monitoring and
Research Program

Anette M. Hammerum,* Ole E. Heuer,t Hanne-Dorthe Emborg,t Line Bagger-Skjat,*
Vibeke F. Jensen,t Anne-Marie Rogues,* Robert L. Skov,* Yvonne Agersg,T Christian T. Brandt,* Anne
Mette Seyfarth,t Arno Muller,* Karin Hovgaard,t Justin Ajufo,§8 Flemming Bager,T
Frank M. Aarestrup,T Niels Frimodt-Mgller,* Henrik C. Wegener,T and Dominique L. Monnet*

Resistance to antimicrobial agents is an emerging
problem worldwide. Awareness of the undesirable conse-
quences of its widespread occurrence has led to the initia-
tion of antimicrobial agent resistance monitoring programs
in several countries. In 1995, Denmark was the first country
to establish a systematic and continuous monitoring pro-
gram of antimicrobial drug consumption and antimicrobial
agent resistance in animals, food, and humans, the Dan-
ish Integrated Antimicrobial Resistance Monitoring and
Research Program (DANMAP). Monitoring of antimicrobial
drug resistance and a range of research activities related
to DANMAP have contributed to restrictions or bans of use
of several antimicrobial agents in food animals in Denmark
and other European Union countries.

In 1969, the Swann Committee recommended to the Brit-
ish government that antimicrobial agents used for hu-
man therapy, or antimicrobial substances that selected for
resistance to these agents, should not be used for growth
promotion in food animals (1). In 1993, the first report of
nonhospital and nonhuman reservoirs of vanA vancomy-
cin-resistant Enterococcus faecium (VREF) in the United
Kingdom was published (2). This finding was surprising
because no therapeutic glycopeptide (vancomycin or teico-
planin) had been used in food animals. However, another

*Statens Serum Institut, Copenhagen, Denmark; TTechnical Uni-
versity of Denmark, Copenhagen, Denmark; fDanish Medicine
Agency, Copenhagen, Denmark; and §Danish Veterinary and Food
Administration, Sgborg, Denmark
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glycopeptide, avoparcin, had been used for decades as a
feed additive for growth promotion; it was suggested that
the occurrence of VREF might be related to this usage.
The finding of VREF in the United Kingdom led to simi-
lar investigations and subsequent findings in Germany and
Denmark in 1994 and 1995 (3,4). In 1995, one of the only
antimicrobial agents available for treatment of multidrug-
resistant enterococci and methicillin-resistant Staphylococ-
cus aureus (MRSA) infections was vancomycin. On May
18, 1995, the Danish Minister of Agriculture and Fisheries
banned the use of avoparcin nationally because new scien-
tific evidence showed that avoparcin used as a growth pro-
moter in food animals constituted a potential threat to hu-
man health (Article 11 of Council Directive 84/587/EEC).
In July 1995, the ban became effective in all countries in
the European Union (EU) after a decision by the EU Coun-
cil of Ministers.

The avoparcin ban called attention to the wide array
of antimicrobial substances being used in food animals
for growth promotion or disease control and to the risk
for transfer of other resistant bacteria or resistance genes
from animals to humans through the food chain. A system-
atic approach was needed to generate the data necessary
to determine the magnitude of current or potential future
public health hazards from nonhuman use of antimicrobial
agents. In September 1995, the Danish Integrated Anti-
microbial Resistance Monitoring and Research Program
(DANMAP) was established at the initiative of the Dan-
ish Ministry of Health and the Danish Ministry of Food,
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Agriculture and Fisheries, as a coordinated national moni-
toring and research program. Participants in the program
are Statens Serum Institut, the National Food Institute and
National Veterinary Institute at the Technical University of
Denmark, the Danish Veterinary and Food Administration,
and the Danish Medicines Agency. DANMAP has 4 objec-
tives: 1) monitor the consumption of antimicrobial agents
for food animals and humans; 2) monitor the occurrence
of antimicrobial agent resistance in bacteria isolated from
food animals, food of animal origin, and humans; 3) study
associations between antimicrobial agent consumption and
antimicrobial agent resistance; and 4) identify routes of
transmission and areas for further research.

Denmark was the first country to establish systematic
and continuous monitoring of antimicrobial agent con-
sumption and resistance in animals, food, and humans.
Other antimicrobial agent resistance monitoring programs
are now established in other countries: Norway (Usage of
Antimicrobial Agents and Occurrence of Antimicrobial
Resistance in Norway [NORM/NORM-VET]) (5), Sweden
(Swedish Veterinary Antimicrobial Resistance Monitoring
[SVARM] and Report on Swedish Antibiotic Utilisation
and Resistance in Human Medicine [SWEDRES])(6), the
Netherlands (Monitoring of Antimicrobial Resistance and
Antibiotic Usage in Animals in the Netherlands [MARAN]
and Consumption of Antimicrobial Agents and Antimicro-
bial Resistance among Medically Important Bacteria in the
Netherlands [NETHMAP]) (7,8), Canada (Canadian Inte-
grated Program for Antimicrobial Resistance Surveillance
[CIPARS]) (9), and the United States (National Antimicro-
bial Resistance Monitoring System. [NARMS]) (10).

The first results covering all 3 reservoirs from DAN-
MAP were published in 1997 (11); annual reports have
subsequently been published (www.danmap.org). We
present selected results and experiences from 11 years of
monitoring and reporting of antimicrobial agent consump-
tion and antimicrobial agent resistance in bacteria isolated
from animals, food, and humans in Denmark.

Description

DANMAP collects and presents data on consumption
of antimicrobial agents and the occurrence of resistance in
indicator bacteria, zoonotic bacteria, and pathogenic bacteria
from animals, food, and humans. The setup for sampling of
isolates and data for DANMAP are briefly described below.
A schematic description of sampling of isolates and data flow
is presented in Figure 1. A more detailed description can be
found in the DANMAP reports (www.danmap.org).

Isolates from Animals

Bacterial isolates are collected from healthy animals
at slaughter (Escherichia coli, enterococci, and Campylo-
bacter spp.) as well as from diagnostic submissions (Staph-
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Figure 1. Data flow. DANMAP, Danish Integrated Antimicrobial
Resistance Monitoring and Research Program; DTU, Technical
University of Denmark.

ylococcus hyicus from pigs and E. coli from cattle and pigs
with diarrhea). Salmonella isolates from subclinical as well
as clinical cases of salmonellosis are included. Salmonella
isolates from subclinically infected pigs and poultry are
collected on farms as part of a national Salmonella moni-
toring program.

Isolates from Food

All food samples are collected at wholesale and retail
outlets during routine inspections by the Regional Veteri-
nary and Food Control Authorities (Salmonella and Cam-
pylobacter spp.) or on request from DANMAP (enterococci
and E. coli). Bacterial isolates included in the monitoring
program originate from food from Denmark as well as im-
ported food.

Isolates from Healthy Persons in the Community

To monitor the level of resistance among healthy per-
sons, ongoing surveillance was initiated in 2002. Current-
ly, 1 isolate each of E. faecium, E. faecalis, and E. coli is
sampled from each fecal sample, if isolated. Furthermore,
a selective method is used to detect vancomycin-resistant
enterococci.

Isolates from Patients in the Community
and in Hospitals

Isolates of Salmonella and Campylobacter included in
the monitoring program originate from diagnostic submis-
sions sent to Statens Serum Institut (SSI). For S. aureus
testing, all blood isolates from 15 of 16 Danish counties
and all MRSA isolates nationwide are sent to SSI. For
Streptococcus pneumoniae testing, all isolates from blood
and spinal fluid found nationwide by clinical microbiology
laboratories are sent to SSI. For E. coli, coagulase-nega-
tive staphylococci, and Streptococcus pyogenes, data on
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all isolates from blood samples (E. coli, coagulase-nega-
tive staphylococci), urine samples (E. coli), and clinical
samples (S. pyogenes) submitted for susceptibility testing
are provided by clinical microbiology laboratories partici-
pating in the Danish Study Group for Antimicrobial Resis-
tance Surveillance.

Changes after 11 Years of DANMAP

Ban of Antimicrobial Growth Promoters

In 1994, the consumption of antimicrobial growth pro-
moters constituted more than half of the total antimicrobial
consumption by animals in Denmark (Figure 2). Antimi-
crobial growth promoters were used as an in-feed supple-
ment for nearly all broiler chicken and pig farms in Den-
mark. At the time avoparcin was banned, a high level of
resistance to several antimicrobial growth promoters was
observed among bacteria from production animals (11).
Although use of avoparcin was banned in 1995, the total
use of growth promoters increased until 1998. In the spring
of 1998, the Danish pig and poultry producers voluntarily
discontinued use of all antimicrobial growth promoters in
finisher pigs and broiler chickens. DANMAP measured
and documented the effect of this marked change in antimi-
crobial consumption in animal production.

By 2006, 11 years of monitoring data were available
(Table; Figure 3) (12). The 1995 ban on avoparcin had a
substantial effect on lowering the occurrence of VREF
isolated from fecal samples from broiler chickens (Figure
3). In 2005, <3% of the E. faecium isolates from broiler
chickens were resistant to vancomycin (12). To avoid bias
in the selection of the isolates, the VREF isolates included
in DANMAP were detected by using a nonselective isola-
tion method. Although studies that used selective enrich-
ment for isolation of VREF have documented that VREF
could still be isolated from a high percentage of poultry
flocks several years after the ban of avoparcin (17,18), the
quantity of VREF isolated from Danish poultry has been
substantially reduced.
= DAntimicrobial growth promaters
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Figure 2. Consumption of prescribed antimicrobial agents and
growth promoters in animal production and prescribed antibacterial
agents in humans, Denmark, 1990-2005 (12).
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In contrast, no significant change in the occurrence of
VREF in pigs was observed in the first years after the ban
of avoparcin. Nearly all VREF isolated from pigs in Den-
mark belonged to the same clone; whereas VREF isolates
from broilers were polyclonal (17,19). In the pig VREF
clone, genes encoding resistance to glycopeptides (vanA)
and macrolides (erm[B]) were shown to be located on the
same mobile DNA element (19). The consumption of mac-
rolides (tylosin) for growth promotion decreased substan-
tially in 1998, and a statistically significant decrease in the
occurrence of VREF among E. faecium isolates from pigs
was observed in 1999 and 2000, which suggests that per-
sistence of VREF among the pig population was caused by
the continued use of macrolides, mainly tylosin, for growth
promotion and therapy.

Since 2002, fecal samples from 485 healthy human
volunteers in Denmark have been screened for vancomy-
cin-resistant enterococci. Only 3 VREF isolates (12,20)
and 2 vancomycin-resistant E. faecalis isolates have been
detected by using a selective isolation method (21).

Transfer of VREF from animals to humans can be
difficult to demonstrate, especially if only the vanA gene
encoding vancomycin resistance is transferred. Several
animal studies and 1 human study have shown that gene
transfer between enterococcal isolates is possible in mouse
and human intestines, which indicates that gene transfer
can take place in intestines of humans that have eaten meat
containing enterococci (22,23). Transfer of the vanA gene
is cause for concern if it is transferred to an E. faecium
isolate belonging to an invasive clone, e.g., clonal complex
17, which causes E. faecium infections in humans (24).

In January 1998, another antimicrobial growth pro-
moter, virginiamycin, was banned from use in Denmark.
Resistance to virginiamycin confers cross-resistance to
pristinamycin and quinupristin/dalfopristin, a new anti-
microbial with a wide gram-positive spectrum including
MRSA and VREF. The Danish ban on virginiamycin was
based on the same concerns for human health as the ban
on avoparcin. The ban on virginiamycin had an effect also
on the occurrence of streptogramin-resistant E. faecium in
broiler chickens and pigs (12).

In July 1999, virginiamycin, together with 3 other
growth promoters—tylosin, spiramycin, and bacitracin—
was banned in the entire EU. The final step in the termina-
tion of the use of antimicrobial agents for growth promo-
tion was taken in December 2002 when the EU Council
of Ministers, with a Danish president, decided that all use
of antimicrobial growth promoters should be terminated
within the EU starting January 1, 2006 (25).

VetStat Monitoring Program
In Denmark, all antimicrobial agents used in animals,
except coccidiostats used in poultry, are available by pre-
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Table. DANMAP’s contributions to decreasing antimicrobial agent resistance in Denmark, 11 years*

DANMAP

Type of Intervention had
Sector Problem Intervention (reference) intervention effect
Food High occurrence of vancomycin- Banned avoparcin: Denmark May 1995 and Regulatory Yes
animal resistant Enterococcus faecium EU Dec 1997. Provided data for national and
isolates in food and production EU ban. Monitored effect of ban in animals,
animals food, and healthy humans.
High occurrence of streptogramin- Banned virginiamycin: Denmark Jan 1998 Regulatory Yes
resistant E. faecium isolates in food  and EU Jul 1999. Provided data for national
and production animals and EU ban. Monitored effect of ban in
animals, food, and healthy humans.
High use of fluoroquinolones in Restricted use of fluoroquinolones in animal Regulatory Yes
animal production husbandry, by Danish law in 2002.
High use of antimicrobial agents in Implemented new guidelines for veterinary Guideline Not yet known
swine production practitioner prescription of antibacterial
agents for swine production in 2005.
Food Higher levels of resistance in Implemented evaluation of safety of food Regulatory Not yet known
Salmonella and Campylobacter products, by November 2006.
isolates from imported food than
from Danish food
Human Increasing macrolide resistance in Published report to prescribers in Awareness Yes
Streptococcus pneumoniae EPI-NEWS (13). campaign
Increasing use of newer, broad- Published report to prescribers in Awareness No, use of newer,
spectrum antibiotics, especially in EPI-NEWS (14). campaign broad-spectrum
hospitals antibiotics still
increasing
Higher levels of resistance in travel- Published report to prescribers in Awareness Not yet known
associated Salmonella and EPI-NEWS (14). campaign
Campylobacter infections
Increasing no. of methicillin- Published report to prescribers in Mandatory Not yet known
resistant Staphylococcus aureus EPI-NEWS (15). Informed national notification
(MRSA) cases reference center, which reported to
physicians and other prescribers (15). Made
notification mandatory Nov 2006 (16).
Increasing use of antimicrobial Published report to prescribers in Awareness No, antibiotic use
agents, outside and inside hospitals EPI-NEWS (14). campaign still increasing
Increasing ciprofloxacin resistance Published report to prescribers in Awareness No, ciprofloxacin
related to increasing ciprofloxacin EPI-NEWS (14). campaign use and resistance

use

still increasing, but
low compared with
that of other
countries

*DANMAP, Danish Integrated Antimicrobial Resistance Monitoring and Research Program; EU, European Union.

scription only. To collect information about veterinary use
of antimicrobial agents, the Danish Medicines Agency ob-
tained data from the pharmaceutical industry and importers
during 1996-2001. These data were used in the first DAN-
MAP reports (1996-2000). In addition, the consumption
of antimicrobial agents from 1990 through 1994 was esti-
mated by data collected from the pharmaceutical industry.
However, these data did not contain information on anti-
microbial agent use within the different animal species. On
the basis of recommendations from the EU conference The
Microbial Threat, held in Copenhagen in 1998, the Danish
government decided that a monitoring system of all veteri-
nary use of prescription medicine on a detailed level should
be developed (26). The implementation of this monitoring
program, VetStat, was initiated in 2000. VetStat data on
prescription medicines used in animals are collected from
pharmacies, feed mills, and veterinary practitioners. From
these 3 sources, detailed data comprising farm identity,
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species, age group, disease group, identity of medicine,
amount, date of purchase, and identity of the prescribing
veterinarian are obtained for all antimicrobial agents used
in production animals. Valid data by animal species and
age group level were reported for the first time in the DAN-
MAP 2001 report.

Use of Fluoroquinolones in Animal Production

In 2002, the Danish regulation restricted the use of flu-
oroquinolones, e.g., enrofloxacin, difloxacin, and marbo-
floxacin, in animal husbandry. Fluoroquinolone use is legal
in food animals only when susceptibility tests performed
in an approved diagnostic laboratory show that the infect-
ing bacteria are resistant to all other antimicrobial agents
registered for treatment in the animal species concerned
(27). Subsequently, consumption of fluoroquinolones for
production animals (pigs, poultry, and cattle) was reduced
from 114 kg in 2001 to 18 kg in 2005 (12).
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Figure 3. Trends in glycopeptide resistance among Enterococcus
faecium from broiler chickens and pigs and the consumption of
the growth promoter avoparcin in animals, Denmark, 1994-2005
(revised from 12).

New Guidelines for Veterinary Prescription
of Antimicrobial Agents for Pigs

Pigs constitute the largest volume of animals produced
in Denmark. In 2005, a total of 25.7 millions pigs were pro-
duced, and pig production accounted for 82% of the total
veterinary consumption of antimicrobial agents (12). From
2002 through 2004, antimicrobial use increased by 27%;
large regional differences indicated that the increase was
related to local factors (27). To reduce the use of antimicro-
bial agents and encourage specific substitutions of differ-
ent agents in pig production, in 2005 the Danish Veterinary
and Food Administration published a set of new guidelines
for veterinary prescription of antimicrobial agents for pigs.
The guidelines were developed in cooperation with rel-
evant national institutions. They exclude quinolones and
cephalosporins from the list of recommended agents. The
effect of these guidelines on antimicrobial agent use in pig
production cannot yet be determined.

Increased Resistance in Zoonotic Bacteria
from Imported Meat

Since 1998, levels of resistance have been higher in
Salmonella isolates from imported food than in isolates
from Danish food (28). In 2005, the occurrence of resis-
tance in Salmonella Typhimurium isolated from imported
pork generally exceeded that of corresponding isolates
from Denmark (12). A similar tendency was observed for
Campylobacter jejuni isolated from poultry meat: imported
poultry meat showed a higher resistance frequency than
Danish poultry meat. The high frequency of antimicrobial
agent resistance in Salmonella from imported pork and in
Campylobacter spp. from imported poultry meat probably
reflects differences in the use of veterinary antimicrobial
agents in the countries of origin as compared with Denmark
(12). The higher occurrence of antimicrobial agent resis-
tance in zoonotic bacteria in imported meat products is im-
portant because a large part of meat consumed in Denmark
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is of foreign origin. In November 2006, case-by-case eval-
uation of the safety of imported meat was implemented.

In the DANMAP 2000 report, higher levels of resis-
tance in travel-associated Salmonella and Campylobacter
infections were reported for the first time (29). Increased
ciprofloxacin resistance in isolates from infections acquired
abroad was particularly significant. Similarly, C. jejuni iso-
lates from human infections acquired abroad generally had
a higher frequency of resistance to ciprofloxacin and tetra-
cycline (12). From 2001 through 2005, the number of long
holidays (>4 overnight stays) for Danish travelers increased
by 14%. The most popular destinations were Spain, France,
and Italy, which accounted for >30% of the long holidays
abroad in 2005. Travel to the southern part of Europe might
be associated with risk of acquiring infections due to re-
sistant zoonotic pathogens because Salmonella and Cam-
pylobacter spp. isolated from meat produced in southern
Europe are generally more resistant to antimicrobial agents
than isolates obtained from meat produced in Denmark
(30). Thereby, foodborne zoonotic infections acquired in
southern Europe may offer limited therapeutic options. An-
other high-risk area for acquiring antimicrobial-resistant
foodborne zoonotic infections is Asia (31).

Increased Human Consumption of
Therapeutic Antimicrobial Agents

Since the early 1980s, data on use of antimicrobial
agents for human therapy have been available from phar-
maceutical industry sources or from the Danish Medicines
Agency. DANMAP systematically reports these data in
conjunction with resistance data, which has enabled iden-
tification of specific problems linked to antimicrobial con-
sumption for human therapy (Table).

Increasing use of antimicrobial agents by humans,
both outside and inside hospitals, was reported by DAN-
MAP in 2000 (29). At the time, antimicrobial consump-
tion by outpatients was among the lowest in Europe and
was similar to that in Germany, Sweden, and Austria (32).
Since then the increase has continued for outpatients (data
not shown) and hospitalized patients. The mean antimi-
crobial consumption in hospitals has increased by 39%,
from 421 defined daily doses (DDD)/1,000 bed-days in
1997 to 585 DDD/1,000 bed-days in 2004 (14). Much of
this increase can be explained by increased hospital activ-
ity, i.e., an increased number of patients treated in hospitals
concomitant with shorter lengths of hospital stay. Another
reason for the increased consumption has been an increase
in doses, based on better understanding of the pharmaco-
kinetic and pharmacodynamic properties of antimicrobial
agents. Still, parts of the increase are unaccounted for, and
much remains to be understood to explain this increase in
antimicrobial consumption in humans and how it may be
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controlled. In addition to increased total use of antimicro-
bial agents, newer antimicrobial agents are being used, e.g.,
cephalosporins, fluoroquinolones, and carbapenems, at the
expense of extended-spectrum penicillins (except pivme-
cillinam), aminoglycosides, and macrolides (14). Although
use of quinolones remains lower in Denmark than in Eu-
ropean countries (33), a small but statistically significant
increase in the frequency of ciprofloxacin-resistant E. coli
isolates from urine has been observed since 2003 in pri-
mary healthcare facilities and in hospitals. The increase in
ciprofloxacin resistance has occurred concurrently with a
recent increase in the consumption of fluoroquinolones,
primarily ciprofloxacin (14,34).

Publication of MRSA Guidelines

An increase in MRSA cases was observed in 2000
(97 cases) and continued in 2001 (104 cases) (29,35). The
number of MRSA cases, including infection and coloniza-
tion, reached 856 in 2005 (12). As a response to this in-
crease, new national guidelines for the control and preven-
tion of MRSA were issued by the National Board of Health
(35). The guidelines enforce use of the search-and-destroy
policy in hospitals as well as in other healthcare institu-
tions such as nursing homes. Additionally, to maintain a
low colonization pressure in Denmark and thus reduce
cross-transmission, all MRSA-positive persons are offered
eradication treatment (35). The guidelines also recommend
that MRSA-positive persons be given a personal “MRSA
card,” which must be shown at each contact with healthcare
providers to ensure proper treatment and to prevent further
transmission (35). To better monitor the new MRSA situa-
tion in Denmark and to facilitate implementation of control
measures in connection with outbreaks, reporting MRSA
cases has been mandatory since November 1, 2006 (16).

Increased Pneumococcal Resistance to Macrolides

In 2000, susceptibility testing performed on pneumo-
coccal isolates from blood and cerebrospinal fluid sent to
SSI showed that the frequency of erythromycin resistance
in pneumococci slowly increased from =0% in 1990 to
3.4% in 1999 (36). This increase in macrolide resistance of
pneumococci was probably related to a relative high con-
sumption of macrolides combined with a change in the dis-
tribution of the macrolides used (13). Since 2000, macro-
lide resistance in pneumococci from blood and spinal fluid
has been =5% (12).

The Danish experience shows that even if antimicro-
bial agent consumption is generally low and the frequency
of resistance is correspondingly small, a temporary rise in
consumption of even a single class of antimicrobial agent
can shift this balance in an unfavorable direction. In Den-
mark, rational antimicrobial therapy is the tool to ensure
optimum treatment of patients with bacterial infections and
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low levels of antimicrobial agent resistance. However, con-
tinuous training and efforts are essential to keep general
practitioners as well as hospital specialists updated on the
rational use of antimicrobial agents (14).

Possible New Areas for DANMAP Monitoring

Unlike the monitoring programs in Sweden and Nor-
way, DANMAP never included bacteria obtained from
companion animals (5,6), and rational therapy guidelines
for companion animals have not been promoted or imple-
mented in veterinary university clinics or private veterinary
practices. Fluoroquinolone and cephalosporin consumption
by companion animals in Denmark is substantial compared
with that of food animals (37). Considering the shared en-
vironment of humans and companion animals, transfer of
resistant bacteria or of mobile resistance determinants from
companion animals to humans seems possible. Thus, emer-
gence of resistance to fluoroquinolones and cephalosporins
in companion animals should be a matter of concern and
could be considered a new area for surveillance. Recently,
MRSA has been detected in companion animals and in
food-producing animals in other countries, the potential
importance of which should also be monitored (38).

A substantial proportion of human Salmonella isolates
belongs to serotypes other than S. Enteritidis and S. Ty-
phimurium. The occurrence of more uncommon serotypes
is increasing and in 2005 represented ~30% of all human
Salmonella isolates (12). Prevalence of antimicrobial agent
resistance varies greatly among less frequent Salmonella
serotypes isolated in Denmark, and specific serotypes
showed a high level of resistance (39). These Salmonella
serotypes, as well as other emerging or reemerging patho-
gens such as Mycobacterium tuberculosis (40), represent a
potential focus area.

In future DANMAP reports, more attention should be
given to the presence of extended-spectrum B-lactamase
(ESBL)—producing E. coli and Salmonella from animals
and humans. The emergence of ESBL resistance is a new
threat for human therapy.

Conclusions

DANMAP has led to changes in the use of antimicro-
bial agents in Denmark and other countries. Until now,
the effect in Denmark had been seen mostly in animals,
but awareness has been raised for humans as well (Table).
One of the strengths of DANMARP is cooperation between
veterinary and human healthcare providers, thus offering
a broad range of viewpoints and professionals. This inte-
grated program was made possible because access to all
relevant data and samples that were already systematically
collected from animals, food, and humans has been shared.
To complete these data, a random sampling of indicator
bacteria “from farm to fork” was implemented, which has
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made follow-up of antimicrobial agent resistance for zoo-
notic and indicator bacteria possible.

The relationship between antimicrobial agent resis-
tance in the food supply and human foodborne infections
is complex. It depends on the level of resistance of bacte-
ria in domestic food, level of resistance in imported food,
and influence of travel abroad. The need for surveillance
of antimicrobial consumption and resistance in animals
and humans is universal because food, humans, and even
livestock travel. Solid scientific data are needed for an evi-
dence-based debate and to facilitate further regulation re-
garding antimicrobial agent resistance and consumption.
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Growing Problem of Multidrug-
Resistant Enteric Pathogens
In Africa

Iruka N. Okeke,* Oladiipo A. Aboderin,t Denis K. Byarugaba,f Kayode K. Ojo,8
and Japheth A. Opintanq

Control of fecal-orally transmitted pathogens is inad-
equate in many developing countries, in particular, in sub-
Saharan Africa. Acquired resistance to antimicrobial drugs
is becoming more prevalent among Vibrio cholerae, Salmo-
nella enteritidis, diarrheagenic Escherichia coli, and other
pathogens in this region. The poor, who experience most
of the infections caused by these organisms, bear the brunt
of extended illness and exacerbated proportion of deaths
brought about by resistance. Improved antimicrobial drug
stewardship is an often cited, butinadequately implemented,
intervention for resistance control. Resistance containment
also requires improvements in infectious disease control,
access to and quality assurance of antimicrobial agents, as
well as diagnostic facilities. Structural improvements along
these lines will also enhance disease prevention and control
as well as rational antimicrobial drug use. Additionally, more
research is needed to identify low-cost, high-impact inter-
ventions for resistance control.

he adverse effects of infectious diseases in many de-

veloping countries is considerable and, within those
countries, economically disadvantaged persons are most
likely to contract communicable diseases and least likely
to access appropriate treatment (1,2). Many bacterial and
parasitic diseases could, until recently, be treated with in-
expensive antimicrobial agents, but treatment has recently
been made more expensive and less successful by the emer-
gence and spread of resistant organisms. Drug resistance is
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Awolowo University, lle-Ife, Nigeria; $Faculty of Veterinary Medi-
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a large and growing problem in infections that account for
most of Africa’s disease burden, including malaria, tuber-
culosis (TB), HIV infection, and respiratory and diarrheal
diseases. The proportion of malaria infections resulting in
death has increased in Africa, largely due to resistance, and
the cost of effective antimalarial agents is higher than the
health budgets of malaria-endemic countries can accommo-
date (3). Similarly, a recent outbreak of extensively drug-
resistant TB in rural South Africa illustrated that resistant
organisms pose an enormous and costly threat to HIV-in-
fected persons and their HIV-negative contacts (4).

Much of the current discourse on infectious disease
and drug resistance as it affects sub-Saharan Africa is lim-
ited to the pressing problems associated with HIV, TB,
and malaria. Resistance, however, equally compromises
the management of acute respiratory infections, sexually
transmitted diseases, and diseases spread by the fecal—oral
route, such as typhoid fever, cholera, dysentery, and other
diarrheal diseases, which are the focus of this perspective.
Moreover, young children are especially likely to acquire
resistant enteric infections, from which they can experience
less obvious, but long-term adverse effects.

Increased Antimicrobial Drug
Resistance in Enteric Bacteria

Cholera toxin—producing Vibrio cholerae cause the
characteristic life-threatening gastroenteritis, cholera. At
least 7 pandemics of the disease, originally designated
“Asiatic cholera,” have occurred in recent history. The
ongoing pandemic has seen the emergence of O139 V.
cholerae, as a non-O1 pandemic strain and, importantly,
the emergence and spread of drug-resistant O1 strains. The
current focus of the cholera pandemic is Africa, which has
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seen two thirds of all cholera outbreaks in the last decade
(5). The primary treatment for cholera is rehydration. Most
patients will overcome the infection if they are rehydrated
promptly and properly, even if they do not receive antimi-
crobial drugs. Antimicrobial drugs, however, shorten the
course of infection and prevent person-to-person transmis-
sion, which may be crucial for slowing outbreaks because
organisms from infected persons may be more virulent than
those acquired in the wild (6). Antimicrobial agents may
also be life-saving for malnourished and other immuno-
compromised patients who have cholera.

Tetracycline was the empiric drug of choice for chol-
era in Africa and elsewhere for many years. At the end of
the 1970s, however, incompatibility group C tetracycline-
resistant plasmids were isolated from V. cholerae isolates
in Tanzania, Kenya, and other parts of Africa (7,8). In
each case, resistance emerged during an ongoing epidemic
where tetracycline was being used intensively for prophy-
laxis as well as treatment. Tetracycline has sequentially
been replaced by trimethoprim-sulfamethoxazole and,
more recently, quinolones, because of the emergence and
spread of resistant strains. Molecular evaluation of more
recent resistant V. cholerae isolates typically found re-
gionally conserved plasmids, some of which carried class
1 integrons bearing multiple resistance cassettes (9,10). A
chromosomally integrated transferable resistance element,
SXT, has also spread worldwide and has been recently re-
ported from Africa (9).

Emergence of resistance in V. cholerae has been
linked to increased mortality rates in recent African out-
breaks. Similar experiences have also been reported with
Shigella dysenteriae type 1, another enteric pathogen that
causes life-threatening disease and has epidemic potential.
The impact of resistance in both pathogens is illustrated by
an overwhelming outbreak in July 1994 at the Goma camp,
which resulted in the deaths of ~12,000 Rwandan refu-
gees (11). More recently, Dalsgaard et al. (12) observed a
marked increase in case-fatality rate during the 1997-1998
phase of a Guinea-Bissau cholera outbreak, compared to an
overlapping 1996-1997 outbreak. A major feature of the
latter wave of cholera was the presence of strains simulta-
neously resistant to ampicillin, erythromycin, tetracycline,
furazolidone, aminoglycosides, trimethoprim, and sulfa-
methoxazole. These multidrug-resistant strains were not
present during the first wave and probably arose following
the acquisition of a 150-kb—pair resistance plasmid bearing
a class 1 integron and genes encoding resistance to all an-
timicrobial agents commonly used in empiric management
of cholera.

The emergence and spread of multidrug-resistant Sal-
monella enterica subsp. Typhi worldwide has had impor-
tant consequences for mortality rates from typhoid fever
(13). There are very few reports from Africa; nonetheless,
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available data suggest that although the problem may not
be as intense as in other parts of the world, resistance has
emerged, and alternatives to current treatment protocols
are often not available or unaffordable. Multidrug-resistant
nontyphoidal Salmonella spp. (NTS) have emerged as a
global public health threat. In industrialized countries, they
are most commonly associated with foodborne gastroen-
teritis. In parts of sub-Saharan Africa, however, NTS are
important causes of life-threatening bacteremia. Studies
from Kenya have found that community-acquired NTS are
among the top 3 causes of death among children <5 years
of age (14,15). Moreover, pulsed-field gel electrophoresis
data suggest that most life-threatening disease is caused
by isolates that are clonal in origin (14). In a recent study,
children from poor slums of Kenya were significantly more
likely to be infected with multidrug-resistant NTS than
were children from middle-income families (14). The pat-
terns of resistance among these strains suggest that third-
generation cephalosporins should be the drug of choice for
empiric management of these infections, but in most cases,
these drugs are too expensive.

Antimicrobial drug resistance is a large and growing
problem among organisms that cause diarrheal disease.
Although most diarrheal diseases are self-resolving and
should not be treated with antimicrobial agents, inva-
sive or protracted infections require chemotherapy and
are typically managed empirically. Recent data from
Gabon, Nigeria, and Tanzania suggest that resistance
among causative organisms of these infections, such as
enterotoxigenic, enteropathogenic, and enteroaggregative
Escherichia coli, is high and appears to be rising (16-18).
Although oral rehydration therapy has drastically reduced
deaths from the disease, prolonged infectious bouts of
diarrhea have long-term consequences for physical and
cognitive development. Very few reports have examined
the epidemiology of diarrheal pathogens and even fewer
have looked at drug resistance. Notable drug-resistant en-
teropathogenic E. coli outbreaks and sporadic cases have
been reported from several African countries, including
Kenya and Tanzania (16,19). The more recently defined
enteroaggregative E. coli are typically multidrug-resistant
and are one of the most common causes of childhood diar-
rhea, particularly persistent infections (20). Antimicrobial
drug-resistant diarrheagenic E. coli pathotypes, including
enteroaggregative E. coli, are also emerging as important
diarrheal pathogens in AIDS patients (21).

Surveillance in healthy populations has demonstrated
that commensals constitute a rich reservoir of genetic mate-
rial from which pathogens can readily acquire resistance on
mobile elements. A long-term study in Nigeria showed that
resistance of commensal E. coli to almost all agents studied
increased rapidly over time (22). Additionally, urban resi-
dents in Nigeria, Ghana, and Zimbabwe were more likely
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to carry multidrug-resistant E. coli than were rural or pro-
vincial residents (23,24). This finding has important con-
sequences in light of the rapid rate of urbanization in these
countries and other parts of the continent. Travel networks
have become more efficient and are more extensively used.
Therefore, just as Africa has had to deal with imported re-
sistant organisms, resistant strains that emerge or are am-
plified in Africa will be exported (25,26).

Two overlapping problems are worsening the situation
regarding diarrheal disease within Africa: the failure to con-
trol the spread of diarrheal pathogens, due to unclean water,
poor sanitation, and malnutrition; and the failure to contain
resistant organisms and resistant genes so that, when infec-
tions occur, they produce more adverse consequences. It is
perhaps obvious, if unaddressed, that poor and displaced
persons in Africa are least likely to be able to access po-
table water, safe sanitation, and other factors to prevent
fecal-oral infection and that public health facilities need
to be strengthened to protect the poor (27,28). However,
the poor also disproportionately bear consequences from
drug resistance, and interventions to curb the current trend
are sorely needed. Economists describe a situation in which
the decision to use a commodity that produces a deleteri-
ous byproduct that imposes costs on other persons, who are
not part of the decision, as a negative externality. Because
resistance is an externality, the poor are victims of the re-
sistance-predisposing activities of the affluent, including
the presence of visitors from other countries. Furthermore,
resistance-promoting activities and the consequences of re-
sistance more often than not occur at a different time and
place. It is therefore unrealistic to expect that the poor will
mount resistance-curbing interventions as a priority with-
out prompting and support.

Overcoming Roadblocks to Containing
Drug Resistance in Africa

There are difficulties associated with monitoring re-
sistance in many parts of Africa, but sufficient published
data exist to suggest that resistance rates are high and rising
(22,29). In 2001, the World Health Organization issued a
strategy for resistance containment (30). Most developing
countries, particularly those in sub-Saharan Africa, have
yet to implement any of the recommended interventions in
spite of a mounting resistance crisis. Special risk factors for
resistance, and roadblocks for evaluating and implement-
ing interventions, are linked to patient poverty and health
system poverty. This is evident in sub-Saharan Africa,
where we study resistance, but also in other developing
countries.

Industrialized countries that are actively addressing
community-acquired resistance have typically prioritized
those interventions predicted to lower total antimicro-
bial agent consumption and therefore selective pressure
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(31,32). An important concern for poor countries is not
the total amount of antimicrobial agents consumed, whose
need exceeds the resources available, but the way these
drugs are used. Diagnostic imprecision spurs overpre-
scribing, particularly of broad-spectrum agents, and low
antimicrobial diversity promotes emergence and spread
of potentially epidemic resistant clones. In Africa, medi-
cines are available from unorthodox sources and persons
earning low daily wages often procure them 1 dose at a
time. Sources include itinerant vendors, often encountered
on buses in many African countries, who cannot always
be located should a patient choose to purchase more doses
later (Figure). Poor patients have little personal incentive
to purchase more medicine than is needed to produce short-
term relief. Additionally, regimen fragmentation comes
without sanction and allows for large price mark-ups and
consequent exploitation. Therefore, distributors have every
incentive to encourage antimicrobial drug misuse.

Quality Assurance

The relative scarcity of antimicrobial drugs in poor
countries with a high prevalence of infectious diseases
means that the demand for antimicrobial agents exceeds
their supply. This imbalance, coupled with poor purchas-
ing power, makes sub-Saharan Africa and other developing
regions a counterfeiters’ paradise. Substandard products
with lower-than-stated doses promote resistance, and those
containing no antimicrobial drug at all promote microbial
dissemination. At least 30% of medicines sold in Africa
are estimated to be counterfeit, with antimicrobial agents
the most popular target (33). However, fake drugs are not
the only poor quality pharmaceuticals on the market (34).
Substandard drugs also include medicines that were appro-
priately manufactured but improperly stored. Proper stor-
age in the tropics requires expensive electrical equipment,
a constant electricity supply, pharmaceutical handling
expertise, and an efficient supply chain, which do not ex-
ist in many parts of Africa. It has long been known that
antibiotics are unstable at ambient tropical conditions, but
shelf lives and packaging are not adapted to preserve drug
potency or mark their degradation in countries where these
drugs are most needed.

Antimicrobial Drug Supply and Distribution

Prescribing health workers and their patients, particu-
larly those who are poor, in sub-Saharan Africa continually
battle a “drug is out of stock” syndrome. Rational antimi-
crobial drug policies, essential decision-support tools in the
battle against resistance, are impossible to develop or to
implement without an ensured supply of a reasonable range
of drugs. Antimicrobial cycling has been piloted for anti-
malarial drugs in some parts of Africa, but more data are
needed to gauge its effectiveness. Instituting and expanding
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Figure. Itinerant medicine vendor in Oja-tuntun marketplace, lle-Ife,
Nigeria.

pilot programs have been hampered by drug supply issues,
particularly the difficulty in removing cheaper, resistance-
compromised drugs, which are all the poor can afford,
from the market (35). As long as demand for antimicrobial
drugs exceeds their supply, uncontrolled and inadequate
regimens will be the norm. To combat resistance in poor
countries, antimicrobial agents will have to be made more
available. For best results, when improved supply increas-
es selective pressure, drug misuse and resistant-strain dis-
semination must decline. Thus, antimicrobial drugs need to
be made available along with the infrastructure to monitor
their utility and improve selection. Special considerations
are needed to encourage patients to procure and consume a
complete regimen and to ensure antimicrobial drug quality
as close to the point of care as possible. These are formi-
dable challenges because antimicrobial agents are available
from unsanctioned, as well as sanctioned, providers and the
former may have little or no training and unorthodox means
of drug distribution.

Unrestricted access to antimicrobial drugs is perhaps
the most favorable acknowledged predisposing situation
for development of resistance. Ideas for promoting su-
pervised, or at least informed, access, however, need to
advance beyond proposing improved legislation because
most countries already have laws proscribing unsanctioned
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distribution. Illegal peddling is a function of inadequate
law enforcement and the reality that drug selling provides a
livelihood for otherwise underemployed persons. Notably,
unofficial outlets are the only source of life-saving medica-
tions for many rural residents in locations where enforc-
ing laws modeled on wealthy societies could do more harm
than good. Until the infrastructure to effectively abolish
unsanctioned drug distribution is available, incorporating
informal distributors into a containment strategy may be
the wisest option. Focusing interventions predominantly on
formal health delivery systems enhances the quality of care
available to the wealthy but neglects the supply chain on
which the less privileged majority are largely dependent.

Enhanced Infectious Disease Control

The poverty—resistance cycle operates within a larger
cycle of poverty and disease. Selective pressure for resis-
tance is, in almost all cases, a response to actual or supposed
infection, and resistant bacteria are largely spread through
the same routes as pathogens. One of the most effective
means of conserving antimicrobial drugs is therefore pre-
venting infections. The effects of enteric infections in Af-
rica are almost entirely driven by poor access to safe water
and sanitation. Thus, once resistant pathogens emerge, they
are easily spread. The commensal reservoir of resistance
genes spreads through the same channels, undetected but
providing a ready source of resistance genes and elements
that can be transmitted to pathogens. Middle-class and af-
fluent Africans typically reside in the few areas where piped
water is available or have private water supplies. Providing
safe water and sanitation to those who cannot afford these
capital-intensive options and to public institutions such as
schools, health centers, and markets is the single most im-
portant intervention for preventing outbreaks and sporadic
cases of diarrheal disease, including those caused by resis-
tant organisms.

Interventions that affect disease prevalence attack re-
sistance at the root of the problem and therefore have the
greatest chance of success. Effective implementations of
vaccination and drug use policies, such as the World Health
Organization’s Integrated Management of Childhood Il1-
nesses, represent examples that address community-ac-
quired infections that disproportionately affect economi-
cally disadvantaged populations (29). Unfortunately, even
though the effectiveness of some of these interventions has
been demonstrated, their access by poor populations is of-
ten not assured (36).

Malnourished or otherwise immunocompromised
patients are more likely to have inadequate economic re-
sources, and they become the target of resistant pathogens
when these organisms are prevalent (37). Patients infected
with resistant strains pay more for cure, lose more from ex-
tended illness (in terms of time away from work and other
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activities, i.e., productivity, costs of supportive therapy),
and are more likely to be disabled. In wealthy countries,
hospitals are often the sites where resistance emerges, and
then it slowly, but eventually, seeps into the community. In
poor countries, often no barrier exists between the hospital
and the community. A patient’s relatives, who must be on
hand to assist overstretched health systems with care, sleep
under beds and in hospital corridors. In hospitals, costly
infection control measures are often compromised. The
potential for organisms to be transmitted into, within, and
beyond the hospital is very high.

Diagnostic Development

Diagnostic development represents a potentially pow-
erful strategy to simultaneously improve healthcare de-
livery and contain resistance (38,39). The cause of blood-
stream and enteric infections has diversified considerably
in recent years, in part due to the definition of previously
unrecognized etiologic agents but also due to the spread of
HIV and the emergence of new pathogens. This increased
diversity makes syndromic diagnosis of many conditions
less accurate, particularly in areas where surveillance does
not occur. Better systems are needed to provide laboratory
support for serious cases, outbreaks, and routine surveil-
lance. As disease control efforts begin to yield fruit, syn-
dromic diagnosis will become increasingly inaccurate and
laboratory diagnosis even more essential.

If diagnostic tests for poor patients are subsidized as
well as, or better than, medicines, health professionals and
patients would be more likely to use them. Additionally,
sentinel laboratory facilities will also provide data on local
causes of infections and prevailing susceptibility patterns
to inform local prescribing and alleviate the prevailing pov-
erty of information. Currently, studies that claim a global
or worldwide coverage often exclude Africa so that as in
the case of poor populations, the plight of poor countries,
particularly as relevant to resistance, is underdocumented
(40). Although programs outside Africa collate decades
worth of susceptibility data, only 1 or 2 tertiary-level care
centers in Nigeria and Ghana can produce complete records
of susceptibility data from the past 5 years. Many African
laboratories that perform susceptibility testing often can-
not collate, store, or disseminate surveillance data, even
though open source software is available for the purpose
(41). Much of the data they do generate is produced with
antibiotic disks donated by pharmaceutical companies with
arepertoire that does not necessarily reflect the best choices
for patients or even available stock. Diagnostic develop-
ment could also help alleviate the pressing need for antimi-
crobial drug quality assurance. Precise assessment of drug
content is beyond the capabilities of a basic microbiology
laboratory, but rudimentary diagnostic laboratories can be
equipped to identify outright counterfeits and severely de-

1644

graded antimicrobial agents. Finally, the weak laboratory
capacity makes it difficult to evaluate the success of inter-
ventions targeting resistance or other aspects of global dis-
ease control. Diagnostic microbiology laboratories should
be considered an integral part of healthcare delivery in parts
of the world where most patients visiting a health center
have a microbial infection.

Conclusion

Resistance is encountered with virtually every infec-
tious disease. Few proven mechanisms exist for resistance
control, and almost none have been validated in the devel-
oping-country setting. The dearth of intervention study data
is particularly acute in the context where infectious disease
prevalence is high and access to antimicrobial agents is
low, which best describes the situation faced by low-in-
come persons in Africa. Most intervention studies in devel-
oping countries have focused on relatively inexpensive and
easily piloted educational interventions. Educational inter-
ventions push against the strong influence of unregulated
distribution, sometimes accompanied by unscrupulous
counteradvertising, and their value has not been evaluated
in the long run. Importantly, although educational interven-
tions typically yield positive results, these results are mod-
est (31). Other methods may in fact be more cost effective,
or might boost the value of education. Strategies that have
been evaluated and found to deal with the problem of resis-
tance need to be further diversified in poor countries. Safe
water and sanitation, addressing the imbalance between an-
timicrobial drug supply and demand, and building realistic
infrastructure for rational antimicrobial use are priority ar-
eas for resistance control that could address the short- and
long-term disease effects on the poor.
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Literature Review and Case
Histories of Histoplasma
capsulatum var. duboisii

Infections in HIV-infected Patients

Pierre Loulergue,*t Frédéric Bastides,t Véronique Baudouin,§8 Jacques Chandenier,t
Patricia Mariani-Kurkdjian,8 Bertrand Dupont,*t Jean-Paul Viard,*t Francoise Dromer,
and Olivier Lortholary*tq

African histoplasmosis caused by Histoplasma capsu-
latum var. duboisii is an invasive fungal infection endemic
in central and west Africa. Most of its ecology and patho-
genesis remain unknown. H. capsulatum var. capsulatum
is an AIDS-defining opportunistic infection in HIV-infected
patients who are living in or have traveled to histoplasmo-
sis-endemic areas. In contrast, reports concerning African
histoplasmosis during HIV infection are rare, although both
pathogens coexist in those regions. We report 3 cases of
imported African histoplasmosis diagnosed in France in HIV-
infected patients and a literature review on similar cases.

uman histoplasmosis is caused by 2 varieties of His-

toplasma. The most common variety worldwide is H.
capsulatum var. capsulatum, which has been reported from
many disease-endemic areas where HIV infection is preva-
lent. Histoplasmosis is more frequent in the United States
(Ohio and Mississippi River valleys), but it is not unusual in
other parts of the world, such as Africa (1,2). In the western
and central regions of sub-Saharian Africa, H. capsulatum
var. capulatum coexists with another variety, H. capsula-
tum var. duboisii, whose ecology and pathogenesis remain
almost unknown. Cases due to H. capsulatum var. duboisii
are scarce in Europe, and all are imported (3).

Before the era of highly-active antiretroviral therapy
(HAART), the prevalence of H. capsulatum var. capsula-

*University Paris V, Paris, France; tHopital Necker-Enfants
Malades, Paris, France; $Centre Hospitalier Universitaire Breton-
neau, Tours, France; §Hopital Robert Debré, Paris, France; and
finstitut Pasteur, Paris, France

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 13, No. 11, November 2007

tum infections reached up to 30% of HIV-infected patients
in hyperendemic areas of the southeastern part of the United
States (4). The infection occurs more often in patients with
a CD4 count <50/mm? and is usually disseminated. For un-
known reasons, although HIV infection and H. capsulatum
var. duboisii coexist in Africa, this coinfection remains rare
(5). We report 3 imported cases of the potentially emerg-
ing histoplasmosis due to H. capsulatum var. duboisii diag-
nosed in France during the course of HIV infection and a
literature review on similar cases.

Case 1l

A 37-year-old man from the Democratic Republic of
Congo, who had lived in France since 1980, was infected
by HIV-1 since 1987. He was admitted to the hospital in
1992 because of a fever of unknown origin. His physical
examination showed a left axillary tumefaction 2 inches in
diameter. This mass had already been explored 5 months
before. At that time, histopathologic examination disclosed
a necrotizing lymphadenitis with epithelioid cells but with-
out caseum. No microorganism was seen after Ziehl, pe-
riodic acid—Schiff, and Grocott stainings, but culture was
not performed. When the patient was hospitalized in 1992,
laboratory tests showed an erythrocyte sedimentation rate
of 104 mm, fibrin 4.5 g/L, C-reactive protein 74 mg/L,
and a CD4 count of 100/mm?* (9%). The adenopathy was
surgically removed. Histopathologic examination showed
necrosis and large yeasts, and culture grew Histoplasma
sp. on day 12. Anti-Histoplasma antibody detection was
negative. No other lymph node, bone, skin, or bone marrow
involvement was found.
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Itraconazole treatment was started (400 mg/d), but it
was switched to amphotericin B (1 mg/kg/d) after 3 weeks
because local symptoms persisted. The total dose of ampho-
tericin B was 1,200 mg. Itraconazole (400 mg/d) was then
restarted for 1 year. The clinical course was satisfactory,
so itraconazole was lowered to 200 mg/d for 3 years. The
patient died in 1995 of HIV-related encephalitis despite an-
tiretroviral therapy, including nucleoside reverse transcrip-
tase inhibitors, without recurrence of histoplasmosis.

Case 2

A 41-year-old man from the Democratic Republic of
Congo, who had lived in France since 1981, was infected
by HIV-1in 1994. He received AZT (3'-azido-3'-deoxythy-
midine) and diethyldithiocarbamate (ddC) when Pneumo-
cystis jiroveci pneumonia was diagnosed in December
1995. Despite the introduction of HAART in 1996 (AZT,
lamivudine [3TC], and ritonavir), his CD4 count remained
<50/mm’. In mid-1996, nodular cutaneous lesions, a right
cervical adenopathy, and a right Bell’s palsy developed.
Direct examination of the lymph node showed numerous
yeasts with a typical lemon shape and a narrow budding,
suggestive of H. capsulatum var. duboisii. The culture
grew Histoplasma sp.

The patient did not respond to itraconazole (400 mg/d).
After 1 month, he was given conventional amphotericin B
(1 mg/kg/d); severe renal insufficiency developed within 8
days. Treatment was switched to liposomal amphotericin B
(3 mg/kg/d) with a dramatic improvement of the symptoms
and partial regression of the renal insufficiency. Immune
reconstitution inflammatory syndrome also developed; its
characteristics were reported previously (6). After 1 month,
treatment was switched to itraconazole, 400 mg/d, for long-
term therapy. Because of a persistent low CD4 count de-
spite undetectable viral load, the patient benefited from
several courses of interleukin-2 (IL-2) therapy, which al-
lowed a marked and sustained increase of the CD4 count.
Itraconazole was stopped in 1996. His condition remains
stable 11 years later, and no recurrence of histoplasmosis
has been observed.

Case 3

A 2-year-old girl from the Democratic Republic of
Congo was referred to the hospital in June 2001 for a fe-
ver of unknown origin. (She arrived in France in 2001 at
the age of 18 months.) Investigations showed Escherichia
coli pyelonephritis. HIV-1 serologic test results were posi-
tive, and her CD4 count was 45/mm?. HAART was started
quickly, combining AZT, 3TC, and nelfinavir. This treat-
ment resulted in a decrease in, but not elimination of, the
viral load and a CD4 count <200/mm?® despite appropriate
nelfinavir serum concentrations.

In August 2001, a frontal swelling appeared, associ-
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ated with fever and generalized weakness. Direct examina-
tion of a skin biopsy specimen showed large, lemon-shaped
yeasts suggestive of H. capsulatum var. duboisii. Culture of
this specimen grew Histoplasma sp. Diffuse bone involve-
ment (several lytic lesions of the right humerus, left ulna,
both tibias, right fibula) was found on radiographs. Culture
of the buffy coat was concomitantly positive for Fusarium
verticillioides. No involvement of the lungs or lymph nodes
was found.

Treatment with liposomal amphotericin B was started
but switched to itraconazole after 1 month. Fever relapsed
shortly thereafter, as well as the facial tumefaction. Radio-
graphic examination showed several lesions of the skull,
and a bone biopsy demonstrated large yeasts on direct ex-
amination. Amphotericin B was restarted for 4 months. The
patient’s status improved dramatically, and the treatment
was switched to fluconazole until September 2003. She did
not experience any relapse, and antifungal prophylaxis was
discontinued because of the improvement of her immuno-
logic status (CD4 count >200/mm? and undetectable viral
load). In July 2007, she is doing well with a CD4 count of
700/mm? and a still-undetectable viral load.

Discussion

H. capsulatum var. duboisii is also known as African
histoplasmosis because it has only been described on that
continent, mostly in central and western Africa. The preva-
lence of histoplasmosis due to variety duboisii has not been
established in countries in these regions in HIV-negative
patients. Fewer than 300 cases are reported in the litera-
ture (7). The reason it remains rare, despite the major HIV
pandemic in Africa, is unknown. Potential explanations
are that patients die from other causes before histoplasmo-
sis develops (8) or that variety capsulatum is more viru-
lent than variety duboisii. This situation is reminiscent of
Cryptococcus gattii and C. neoformans. C. gattii is rarely
identified in HIV-infected patients, in contrast with C. neo-
formans, whereas both are present in the environment in
countries where the prevalence of HIV infection is high
(9). However, variety capsulatum is frequent in Africa. No
data on the relative frequency of those 2 varieties has been
published. Skin reaction to histoplasmin in histoplasmosis-
endemic areas showed a 3% prevalence (10), but variety
capsulatum and variety duboisii were not able to be dif-
ferentiated. Higher prevalence (=35%) was found in rural
populations, especially among farmers, traders, and cave
guides (11). Histoplasmosis due to variety duboisii may be
misdiagnosed in those areas because of physicians’ lack of
awareness.

The pathogenesis of African histoplasmosis remains
unclear. The main route of acquisition could be airborne
contamination from the soil, rarely direct inoculation. Vari-
ety duboisii is classically associated with cutaneous lesions
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(nodules, ulcers) and osteolytic bone lesions, especially af-
fecting the skull, ribs, and vertebrae (Table 1) (12,13). His-
topathologic examination shows granuloma with necrosis
and suppuration. Disseminated disease is not uncommon
and can involve every organ; however, the heart and central
nervous system are unusual locations. A total of 17 cases
have been reported thus far among HIV-infected patients,
including the 3 cases described here (14-19). An additional
case has been reported, but without detailed description,
in a Ugandan patient diagnosed in Japan (20). Among the
well-described cases (Table 1), most involved patients with
poor immunologic status (mean CD4 count 55/mm?), which
also occurs with histoplasmosis due to variety capsulatum

African Histoplasmosis in HIV Patients

(21). Most patients had disseminated infections, and only
4 patients died. The prognosis of disseminated infection
in this context is close to the 20% mortality rate reported
for disseminated histoplasmosis due to variety capsulatum
among AIDS patients (21), but the few number of cases
does not allow us to extrapolate the mortality rate related
to variety duboisii. Epidemiologic information, clinical
manifestations, and outcomes of immunocompetent versus
HIV-infected patients infected with variety duboisii are
compared in Table 2 (13). These data confirm the tropism
of variety duboisii for lymph nodes, skin, and bones. It is
noteworthy that the disease is often located in the lungs in
HIV-negative patients, whereas HIV-infected patients have

Table 1. Description of HIV-infected patients with histoplasmosis due to Histoplasma capsulatum var. duboisii*

Positive
Case CDh4 fungal
no.t Age,y Sex Country Clinical findings count/mm?® Pathology culture Treatment Qutcome
1 20 F Congo Skin lesions NR Skin - AmB 1 mg/kg/d, Relapse
Itr 300 mg/d
2 44 M Congo Skin lesions, weight NR Skin, pus - Ketoconazole 600  Relapse
loss, lymph nodes, mg/d, AmB, Itr
peritonitis 300 mg/d
3 41 M Congo Skin lesions, weight NR Skin - AmB Death
loss, lymph nodes,
hepatomegaly,
splenomegaly
4 65 M DRC Fever, weight loss, NR Bone Bone AmB Death
anemia marrow marrow,
blood
5 28 M DRC Fever, skin lesions, NR Skin Skin Ketoconazole 600 NR
lymph nodes, weight mg/d
loss, bone lesions
6 31 F Cameroon Septic shock 2 Bone Bone ABLC 5mg/kg/d, No relapse
marrow marrow, Itr 400 mg/d
blood
7 29 M Liberia Skin lesions NR Skin Skin Itr 200 mg/d NR
8 43 F Guinea- Fever, weight loss, 68 Colon - Itr 400 mg/d No relapse
Bissau anemia, abdominal
pain
9 30 M Nigeria Fever, skin lesions, 2 Skin Skin AmB 1 mg/kg/d, Relapse
lymph nodes, anemia Itr 400 mg/d
10 38 M DRC Fever, weight loss, 160 Lymph Bone AmB No relapse
lymph nodes nodes marrow,
lymph
nodes
11 26 M Congo Fever, skin lesions, NR Lymph - AmB 1 mg/kg/ No relapse
lymph nodes nodes 48 h
12 30 M Cote Fever, weight loss, 6 Bone - Itr 400 mg/d No relapse
d’lvoire lymph nodes marrow
13 50 F Nigeria Skin lesions, bone NR Skin, bone - Fluconazole 100  No relapse
lesions mg/d
14 45 M Ghana Fever, weight loss, 24 Blood - AmB 0.7 mg/kg/d Death
splenomegaly
15 37 M DRC Fever, lymph nodes 100 Lymph - Itr 400 mg/d Death
nodes
16 41 M DRC Lymph nodes, skin 50 Lymph Lymph Liposomal AmB, No relapse
lesions nodes nodes Itr 400 mg/d
17 2 F DRC Fever, skin lesions, 45 Skin, bone Skin Liposomal AmB, No relapse
bone lesions fluconazole

*NR, not reported; AmB, amphotericin B deoxycholate; Itr, itraconazole; DRC, Democratic Republic of Congo; ABLC, amphotericin B lipid complex.
TCases 1-14 are from the literature review; cases 15-17 are personal cases; see text.
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Table 2. Comparison of clinical and microbiologic findings of HIV-
infected and immunocompetent patients with histoplasmosis due
to variety duboisii*t

HIV positive  HIV negative
Characteristic (n=17) (n =20)
Age, y (range) 35 (2-65) 34 (8-62)
Sex (M:F) 12:5 19:1
Visceral localizations
Lymph nodes 53 65
Skin 59 40
Bones 18 25
Lungs ot 35t
Gastrointestinal 12 5
Disseminated 851 55t
Clinical manifestations
Fever 58t 15t
Weight loss, asthenia, anorexia 54 30
Respiratory symptoms 0 20
Hepatosplenomegaly 12 15
Diagnosis sites
Lymph nodes 24 45
Skin 48 35
Bone marrow 18 0
Bone 12 5
Gastrointestinal 6 5
Pus 6 25
Lung ot 25t
Mycologic diagnosis
Direct examination 100 40
Culture 64 65
Blood culture 12 0
Treatment
Amphotericin B 66 80
Ketoconazole 12 35
Itraconazole 64 20
Fluconazole 12 0
Outcome
Relapse 12 40
Death 24 5

*Except where indicated, all values are percentages. HIV-negative patients
are from Dupont et al. (13).
1p<0.05.

substantially more disseminated disease. The latter finding
may be explained by immunodepression, poor access to the
healthcare system for HIV-infected persons in Africa, and
late diagnoses of histoplasmosis.

Despite its rarity, African histoplasmosis should be kept
in mind as a diagnosis in Africa-born patients or travelers to
sub-Saharan West and central Africa who have compatible
signs or symptoms, even if they are HIV-infected, because
the saprophytic phase of this dimorphic fungus should be
manipulated in a Biosafety Level 3 cabinet. The laboratory
diagnosis is performed by direct examination and culture.
Cultures of tissue samples or body fluids are made onto Sa-
bouraud dextrose agar, incubated at 25°C; incubation could
be prolonged for up to 6 weeks. The success rate depends
on the extent of infection, the source of the sample, and the
prompt processing of the sample.
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In addition to differences in clinical manifestations and
epidemiology, the 2 varieties can be easily distinguished on
observation of the yeast phases present in infected fresh
or fixed tissues, whereas the saprophytic phase is identical.
Variety capsulatum presents as small (3-um) oval yeasts
free or inside histocytes or macrophages (Figure 1), where-
as yeasts of variety duboisii are large (7-15 pum), globose
to ovoid, thick-walled, and typically lemon-shaped with a
narrow budding (Figure 2). They are often seen in the cyto-
plasma of giant cells (1).

Diagnoses such as cryptococcosis and blastomycosis
can be easily ruled out by direct examination or histopathol-
ogy, but blastomycosis is unlikely in central and western
African patients (22). The differential diagnosis is rarely
difficult with cryptococcosis because of the shape and size
of yeasts, presence of capsule, and lack of inflammation in
the surrounding tissue. In any event, cryptococcal antigen
testing and culture will easily ascertain the diagnosis.

Antigen detection in serum and urine is a sensitive test
but has been developed for the variety capsulatum. It is val-
idated in HIV-infected patients with disseminated diseases
(8,23,24). H. duboisii is a cause of false-positive test results
for antigen detection in urine. Antibody detection is use-
ful for the retrospective diagnosis of histoplasmosis caused
by variety capsulatum. Since variety duboisii antigens may
cross-react with those of the variety capsulatum, serologic
tests are potentially useful for diagnosis of African histo-
plamosis.

Although some PCR assays have been developed, they
are not yet routinely used (25). Real-time and semi-nested
PCR seem promising for the diagnosis of histoplasmosis
due to variety capsulatum in blood and tissue samples (26—
28). No PCR has yet been developed for variety duboisii,
but a specific PCR assay could be helpful for this underdi-
agnosed disease.

Treatment of African histoplasmosis can be extrapo-
lated from the guidelines of the Infectious Diseases Society
of America established for histoplasmosis due to variety
caspulatum (29). No clinical trial or efficacy studies have
been performed for histoplasmosis due to variety duboi-
sii, but as mortality rates are similar for the 2 species with
the same management, the guidelines can be extrapolated
to African histoplasmosis. In patients with AIDS, recom-
mended therapy includes an intensive phase of 3 months
with amphotericin B replaced by itraconazole (400 mg/d)
for the severe forms, or itraconazole alone (600 mg/d for 3
days, then 400 mg/d) for mild forms. Fluconazole (800 mg/
d) can be an alternative, but it has lower efficacy and a high-
er recurrence rate with isolates harboring higher MICs (30).
Moreover, new azoles such as voriconazole require careful
biologic and clinical monitoring when used for treating his-
toplasmosis in HIV-infected patients because of increased
risk for in vitro resistance, especially in patients who had
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Figure 1. Directexamination of bone marrow smear. Intracytoplasmic
Histoplasma capsulatum var. capsulatum.

fluconazole (31). Nothing is known, however, about devel-
opment of resistance for variety duboisii. Managing AIDS
by HAART is an essential part of the treatment. The avail-
ability of HAART in Africa is increasing, but it may be
absent in areas where histoplasmosis is endemic. This is a
real concern for optimal management of such patients.
Maintenance therapy with itraconazole (200 mg or 400
mg/d) is recommended. Fluconazole (400 mg/d) should be
avoided because of its reduced capacity to prevent relapses.
However, as for many other opportunistic infections, main-
tenance therapy can be discontinued if the immunologic
status of the patient improves, as described for case-patient
3. This patient’s prophylaxis was stopped 3 years ago, and
she experienced no relapse and her CD4 count has always
been >200/mm?®. The stability of immune improvement has
to be confirmed for several months before prophylaxis is
stopped (32). Recent data suggest that the risk for relapse
is rare after 12 months of treatment with a sustained im-

Figure 2. Direct examination of sputum fluid showing Histoplasma
capsulatum var. duboaisii.
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munologic improvement (CD4 >150/mm?) (33). However,
in our experience based on the management of 20 cases
of histoplasmosis due to variety duboisii in patients con-
sidered immunocompetent (13), relapses may be observed
several years after the first episode. Thus, prolonged fol-
low-up is mandatory for every patient with histoplasmosis
due to variety duboisii.

Since HAART was introduced, the clinical and immu-
nologic conditions of HIV-infected patients have dramati-
cally improved, but physicians should now be aware of im-
mune reconstitution inflammatory syndrome (IRIS) (34).
As for many pathogens, both varieties of H. capsulatum can
induce IRIS in HIV-infected patients, as recently reported
by our group (6). The importance of the inflammatory reac-
tion during IRIS contrasts with the mild one observed in
the initial phase of the disease in severely immunocompro-
mised patients and may require specific treatment.

Thus, histoplasmosis due to variety duboisii in HIV-
infected patient remains a rare clinical entity but diagnosis
should not be discounted because of the HIV status of the
patient. Physicians working in Africa should be aware of H.
capsulatum var. duboisii as a potentially emerging infec-
tion in HIV-infected patients.

Dr Loulergue is an infectious diseases fellow attending the
Infectious Diseases Department of Necker-Enfants Malades Uni-
versity Hospital, Paris, France. His research interests include in-
fectious diseases in immunocompromised hosts and development
of vaccines.
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Mycobacterium ulcerans in
Mosquitoes Captured during
Outbreak of Buruli Ulcer,
Southeastern Australia

Paul D.R. Johnson,*t}§ Joseph Azuolas,{ Caroline J. Lavender,} Elwyn Wishart,
Timothy P. Stinear,§ John A. Hayman,1§ Lynne Brown,# Grant A. Jenkin,§ and Janet A.M. Fyfe}

Buruli ulcer (BU) occurs in >30 countries. The causative
organism, Mycobacterium ulcerans, is acquired from the en-
vironment, but the exact mode of transmission is unknown.
We investigated an outbreak of BU in a small coastal town
in southeastern Australia and screened by PCR mosquitoes
caught there. All cases of BU were confirmed by culture or
PCR. Mosquitoes were trapped in multiple locations during
a 26-month period. BU developed in 48 residents of Point
Lonsdale/Queenscliff and 31 visitors from January 2001
through April 2007. We tested 11,504 mosquitoes trapped
at Point Lonsdale (predominantly Aedes camptorhynchus).
Forty-eight pools (5 species) were positive for insertion se-
quence 1S2404 (maximum likelihood estimate 4.3/1,000),
and we confirmed the presence of M. ulcerans in a subset
of pools by detection of 3 additional PCR targets.

uruli ulcer (BU), also known as Bairnsdale ulcer (7),

Daintree ulcer (2), and Mossman ulcer in Australia,
is an emerging disease of skin and soft tissue with po-
tential to cause scarring and disability (3). It is caused by
Mycobacterium ulcerans (4), an environmental pathogen
that produces a destructive polyketide toxin, mycolactone
(5); the genes for the production of this toxin are encoded
on newly described plasmid pMUMOO01 (6). BU occurs in
>30 countries worldwide, but it affects mainly children in
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sub-Saharan Africa, where it is now more common than
tuberculosis and leprosy in some regions (7). This disease
occurs in people of all ages and races who live in or visit
BU-endemic areas, but the precise mode of transmission
remains unknown.

Analysis of the recently sequenced M. ulcerans ge-
nome has shown that in addition to pMUMOO01, there are
unusually high copy numbers of 2 independent insertion
sequences (IS2404 and 1S2606) and a high incidence of
pseudogene formation (&). These data suggest that M.
ulcerans is unlikely to be free-living in the environment
but is instead undergoing adaptation to a specific ecologic
niche in which the products of some ancestral genes are no
longer essential. One such niche may be in aquatic insects
because M. ulcerans has recently been reported to colonize
the salivary glands of carnivorous water bugs (Naucoridae)
under laboratory conditions (9), and mycolactone produc-
tion appears to be necessary for this colonization (/0). Stud-
ies from disease-endemic areas in Africa have reported that
farming activities near rivers (//) and swimming in rivers
or marshes (/2) may be risk factors for BU; bites from con-
taminated water bugs may transmit the infection.

In temperate southeastern Australia, outbreaks of M.
ulcerans infection occur in localized areas, but few patients
report direct contact with environmental water other than
the ocean, which led to the proposal that aerosols from con-
taminated water may cause human infections (/3). How-
ever, these low-lying disease-endemic areas also harbor
large populations of mosquitoes, and some patients have
reported that BU first appeared at the site of what may have
been a mosquito bite (Figure 1). These observations, and
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Ear of a 18-month-old child with culture- and PCR-
confirmed Buruli ulcer who briefly visited St. Leonards, Australia,
in 2001 (Figure 2). The initial lesion resembled a mosquito bite or
that of another insect.

Figure 1.

knowledge from field studies in Africa implicating insects
as either a reservoir or mode of transmission, led us to cap-
ture and screen mosquitoes during our investigation of a
large outbreak of BU in humans in a small coastal town in
southeastern Australia (Point Lonsdale), ~60 km south of
Melbourne (Figure 2).

Methods

Outbreak Investigation

M. ulcerans infection has become increasingly com-
mon in the southern Australian state of Victoria since the
early 1990s (/4,15) and characteristically causes localized
outbreaks (/6). In 1995, a research group at the Royal Chil-
dren’s Hospital in Melbourne developed an 1S2404 PCR
to improve speed and accuracy of diagnosis of BU (/7).
This method has now become the initial diagnostic method
of choice in Australia and elsewhere (/8). All PCR- and
culture-positive cases of M. ulcerans infection in Victoria
have been unofficially reported to the Victorian Department
of Human Services (DHS) since the 1990s, and investiga-
tors from DHS began to routinely contact and interview all
new reported case-patients in 2000. All new cases of M.
ulcerans infection were made legally reportable in Victoria
in January 2004 (79).
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Case Definition

For this study, a case of BU was defined as a patient
with a suggestive clinical lesion from which M. ulcerans
was identified by PCR or culture from a swab or tissue bi-
opsy specimen from January 2002 through April 2007; the
patient must have been either a resident of, or a visitor to,
Point Lonsdale or Queenscliff (adjacent coastal towns on
the Bellarine Peninsula) who did not report a recent history
of contact with another known BU-endemic area. Austra-
lian Bureau of Statistics data derived from the 2001 Aus-
tralian Census for Point Lonsdale/Queenscliff (postcode
3225) were used to obtain the resident population numbers
and age distribution in the outbreak area (20).

Mosquito Trapping

A total of 8—13 overnight mosquito traps were placed
at Point Lonsdale on 22 occasions from December 2004
through January 2007. Adult mosquito sampling was con-
ducted with CO,-baited miniature light traps (27). Traps
were 2-L, cylindrical, insulated containers designed to hold
CO, pellets that continuously produce CO,, which then dif-
fuses through holes in the bottom of the container. A small
electric light and f