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From June to October 1995, the U.S. Army's 86th Combat Support Hospital was deployed in Haiti in sup-
port of the United Nations peacekeeping mission. The hospital's mission was to provide comprehensive
health care to United Nations military and civilian personnel in Haiti. The hospital's laboratory, with micro-
biological and parasitological capability, was a critical asset in light of the infectious disease threats in
Haiti. A total of 356 microbiological (5.4%) and 887 parasitological (13.4%) tests were performed, out
of a total of 6628 laboratory tests. One finding was the discovery of antibiotic-resistant urinary iso-
lates of Escherichia coli. These were from community-acquired infections and included strains resistant
to ampicillin (6/15), trimethoprim + sulfamethoxazole (6/15), and ciprofloxacin (2/15). Ampicillin (8/15)
and trimethoprim + sulfamethoxazole (3/15) resistance was also noted in Shigella spp. However, no
chloroquine-resistant strains of malaria were encountered. Dengue virus, also mosquito borne, was a major
pathogen. Antimicrobial-resistant nosocomial pathogens were also encountered. Deployed laboratories
should be able to determine antimicrobial susceptibility and perform microbial identification to guide clinical
management, conduct medical surveillance, and detect emerging resistance.

Introduction
The purpose of a combat support hospital is to pro-
vide primary and tertiary care for eligible sick or
injured personnel in the area of operations. All such
hospitals include basic laboratory services, although
differences in capabilities depend on the mission and
the anticipated problems (1). As the 86th Combat
Support Hospital was deployed in Haiti, a tropical
country with endemic malaria and infectious
diarrhoeal disease, the fullest possible bacteriologi-
cal and parasitological capabilities were included.
Peacekeeping missions typically are carried out in
areas with poor or disrupted public health infrastruc-
tures, and Haiti is no exception. Etiological diag-
noses of infectious diseases not only aid in directing
the clinical care of patients but also provide impor-
tant surveillance data to guide preventive efforts.

The importance of the field laboratory has be-
come more evident in the current era of emerging
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and re-emerging infectious diseases (2). Military and
peacekeeping forces are at risk for acquiring infec-
tious diseases through their deployment in endemic
areas. Non-immune peacekeepers can act as "senti-
nel" populations for infectious diseases in areas of
the world where the threat may be poorly character-
ized. Illness in peacekeepers can provide indirect
information on infectious disease prevalence in the
host country (3). The field laboratory can also be
crucial in identifying and managing such infections at
the site and time of their occurrence. The laboratory
can furthermore ship specimens to collaborating
laboratories for more comprehensive study.

In 1914 during the First World War, the first
mobile laboratory, under the direction of Sidney
Rowland of the Lister Institute, was deployed at the
front lines (4, 5). Its mission was to investigate the
pathophysiology of gas gangrene, which had been
responsible for devastating losses among Allied sol-
diers. The bacteriological findings of the laboratory
played a crucial role in the control of this complica-
tion of modern warfare (6). Forward laboratories
have also played important roles in recent campaigns
and military exercises (7, 8).

The 86th Combat Support Hospital provided
medical support to the United Nations Mission in
Haiti (UNMIH) from 12 June 1995 to 26 October
1995. The UNMIH consisted of approximately 7400
peacekeepers of whom 6000 (81%) were military
and 1400 (19%) were civilian. Contributing nations
to the military force included the USA (42%), Bang-
ladesh (14%), Pakistan (14%), Canada (7%), Nepal
(7%), Caribbean countries (4%), Djibouti (3%),
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Netherlands (3%), Guatemala (2%), Honduras
(2%), and others. Over 20 nations were represented
among the civilian contingent, the majority of whom
were civilian police (64%). This article describes the
microbiological and parasitological results of the
86th Combat Support Hospital's laboratory during
its 5-month deployment in Haiti.

Materials and methods

Personnel, physical plant, and laboratory
capabilities. The laboratory was a self-contained
unit with electrical power, air-conditioning, incuba-
tors, freezers, semi-automated testing equipment,
microscopes, and reference books. Full-time per-
sonnel included a laboratory officer, two senior
medical technologists and four junior technicians.
The laboratory director was an infectious diseases
specialist. Microbiological capabilities included
aerobic bacteriology with full identification of organ-
isms and the determination of minimal inhibitory
concentrations (MICs) of antibiotics. A library of
American Type Culture Collection (ATCC) organ-
isms was maintained for use in quality control. Mi-
croscopic examinations of concentrated stool for ova
and parasites and the preparation of malarial smears
were performed. Capabilities for anaerobic cultiva-
tion without identification were available. Stool cul-
ture could identify Yersinia and Campylobacter spp.
in addition to the common enteric pathogens. Trans-
port media for mycobacterial specimens were avail-
able. Laboratory specimens were shipped weekly to
laboratories in the USA. Serum specimens for sus-
pected dengue infection were sent for serology to the
U.S. Army Medical Research Institute for Infectious
Diseases, Ft. Detrick, MD, USA.

Bacteriological methods. Recovery and isolation
media included 5% sheep's blood agar, MacConkey
agar, thioglycollate with haem, selenite broth,
supplemented chocolate agar, Hektoen's medium,
Gram-negative broth, brain-heart infusion broth,
Centers for Disease Control and Prevention (CDC)
phenylethanol anaerobic agar, CDC kanamycin-
vancomycin anaerobic agar, CDC blood agar, and
chopped-meat agar. Quality control was performed
with reference strains on all media according to
manufacturers' instructions. Techniques for isolation
and identification were standard American Society
of Microbiology clinical laboratory methodologies
(9,10). The Baxter Microscan Gram-negative combo
panel 5 (Baxter Diagnostics, West Sacramento, CA,
USA) was used for identification of Gram-negative
organisms and determination of their MICs. All pro-
cedures were controlled against reference strains.

Parasitological methods. Standard methods of
parasitological specimen collection and analysis
were employed (11, 12). Two technologists had
substantial experience in the preparation, detection,
and identification of blood and stool parasites.
Fresh stool was placed in sterile containers and
the ParaPak two-vial collection/preservation system
(10% formalin and low viscosity polyvinyl alcohol;
available from Meridian Diagnostics, Cincinnati,
OH, USA) was used for preserving specimens.
Analysis of fresh specimens included direct saline
and Lugol's iodine examination and concentration
with the ParaPak MIF (thiomersal-iodine-formalin)
concentration kit (Meridian Diagnostics). Formalin-
preserved specimens were concentrated using
ParaPak Con-Trate kits (Meridian Diagnostics). The
polyvinyl-alcohol-preserved specimens were stained
with trichrome stain. Thick and thin malarial blood
smears were performed in duplicate on glass slides
precleaned with ethanol. A stock solution of Giemsa
stain was diluted (1:20) in phosphate-buffered saline
(pH 7.3) and allowed to stain smears for 40 min-
utes. Positive control slides were available for all
Plasmodium spp.

Clinical data. Outpatient and inpatient records were
available for the review of clinical data. One of us
(J.J.D) was involved in the care of many of these
patients. Febrile patients underwent a standard
evaluation, which included malarial blood smears
and blood serology for dengue. Individuals with an
illness consistent with dengue infection were asked
to return after 2 weeks for convalescent titres, but
compliance was poor (approximately 10%).

Results
The laboratory conducted 6628 tests (approximately
49 per day). Of the completed tests, 356 (5.4%) were
bacteriological cultures and 887 (13.4%) were
parasitological analyses. Of the bacteriological
cultures, 268 out of 356 (75%) were negative and 88
(25%) were positive (Table 1). The most common
cultures were stool, wounds or fluids, and urine.

Positive throat cultures for ,B-haemolytic
streptococci were uncommon, (6/64, 9%). The major-
ity of these were group B streptococci (four); one was
of group A and one of group C streptococci. All pa-
tients with a positive throat culture had a syndrome
of pharyngitis, fever, tender anterior cervical adeno-
pathy, and leukocytosis, regardless of etiological
agent. All were treated successfully with antibiotics.

Of the stool cultures, 17 (16%) were positive for
an enteric pathogen (Table 2). Many of the culture-
negative patients had an afebrile syndrome of watery
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Table 1: Summary of bacteriological cultures carried
out by the 86th Combat Support Hospital laboratory,
Haiti

Cultures No. negative No. positive Total

Environmental 1 4 5
Veterinary 1 0 1
Throat 58 (91)a 6 (9) 64
Blood 8 0 8
Stool 88 (84) 17 (16) 105
Urine 49 (70) 21 (30) 70
Urethral 8 0 8
Vaginal 5 1 6
Wounds or fluids 40 (51) 39 (49) 79
Anaerobic 10 0 10

Total 268 (75) 88 (25) 356

a Figures in parentheses are percentages.

diarrhoea and colic consistent with traveller's diar-
rhoea. Studies for enterotoxigenic or other patho-
genic Escherichia coli were not performed. The
majority of bacterial enteropathogens isolated were
Shigella spp. Plesiomonas shigelloides was also
recovered from two patients. Most patients with
positive stool cultures had a syndrome consisting of
fever, weakness, watery diarrhoea, and colicky ab-
dominal pain. All were treated sucessfully with
ciprofloxacin. Ampicillin resistance was observed in
approximately half of Shigella isolates and both
Plesiomonas isolates. Trimethoprim + sulfamethox-

Table 2: Summary of urine and stool cultures carried
out by the 86th Combat Support Hospital laboratory,
Haiti

Cultures n

Urine
Negative 49
Positive 21
Escherichia coli 1 5a
Coagulase-negative staphylococci 1
Enterococcus spp. 1
Non-D y-streptococci 1
Enterobacter aerogenes 1
Staphylococcus aureus 1
Yeast 1

Stool
Negative 88
Positive 1 7
Shigella spp. 1 5b
Plesiomonas shigelloides 2c

a 6 isolates resistant to ampicillin; 6 to trimethoprim + sulfa-
methoxazole; 2 to ciprofloxacin.
b 8 isolates resistant to ampicillin; 3 to trimethoprim + sulfa-
methoxazole.
c 2 isolates resistant to ampicillin.

azole resistance was observed in 20% of Shigella
isolates. The majority of patients with bacterial diar-
rhoea admitted having eaten at local restaurants or
vendors rather than at UNMIH-approved food
sources.

A total of 21 (30%) urine cultures were positive
for microbial growth (Table 2), with E. coli account-
ing for the majority of these. A total of 40% were
resistant to ampicillin and 40% to trimethoprim +
sulfamethoxazole. Surprisingly, 13% were resistant
to ciprofloxacin. These strains were found to be
resistant to other quinolones as well (e.g. cinoxacin,
norfloxacin). One quinolone-resistant strain was re-
sistant to all the aminoglycosides tested. All strains
were sensitive to third-generation cephalosporins.
E. coli isolates were obtained from the urine of
individuals with community-acquired infections
that developed after they had been in Haiti for
at least 2 months; none reported having taken anti-
biotics recently. Most cases presented as simple
cystitis, but one woman developed pyelonephritis
due to inadequate treatment of a strain resistant to
trimethoprim + sulfamethoxazole, which necessi-
tated admission and treatment with ciprofloxacin.
Changes in antibiotic therapy were required in
two other outpatients after failure of initial standard
(empiric) antimicrobial therapy.

Approximately half the cultures from wounds
or fluids were positive for microbial growth (Table
3). Most of the Gram-negative isolates were
nosocomially acquired pathogens from three Haitian
patients with severe orthopaedic injuries as a conse-
quence of motor vehicle accidents. Interestingly, one
isolate of Stenotrophomonas maltophilia was recov-

Table 3: Summary of wound and fluid cultures carried
out by the 86th Combat Support Hospital laboratory,
Haiti

Cultures n

Negative 40
Positive 39a

Enterobacter cloacae 11
Staphylococcus aureus 9
Coagulase-negative staphylococci 7
Pseudomonas aeruginosa 3
Alcaligenes xylosoxidans 2
Aeromonas hydrophila 2
Stenotrophomonas maltophilia 1
Viridans streptococci 1
Citrobacter koseri 1
Morganella morgagni 1
Group A streptococci 1
Klebsiella pneumoniae 1
Moraxella cataralis 1
Corynebacterium spp. 1

a Positive cultures may contain more than one organism.
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ered from the surface of tobramycin + vancomycin-
containing methyl methacrylate beads used for dead-
space management in a patient with a large open
wound, compound fractures, and secondary contigu-
ous osteomyelitis. This isolate was completely resist-
ant to tobramycin as well as other aminoglycosides.
The Gram-positive isolates, in contrast, were pre-
dominantly community-acquired pathogens recov-
ered from infected pressure blisters associated with
secondary cellulitis.

Parasitological results are shown in Table 4.
Malarial smears were performed on every febrile
(>38°C) patient without a localized source of infec-
tion. Only 8 (1%) out of 731 smears were positive.
These were from four patients; three with P.
falciparum infection and one with P. malariae. All
had been non-compliant with chloroquine prophyl-
axis and responded to chloroquine therapy. Of 156
stool examinations for ova and parasites, 12 (8%)
were positive. Many of these tests revealed more
than one pathogen or commensal. All such patients
had eaten from unapproved food sources. Patients
with giardiasis and amoebiasis presented chronic
diarrhoea that responded to appropriate anti-
protozoan therapy. Helminths were identified in
one Haitian patient.

The majority of the 724 specimens shipped to
laboratories in the USA were for dengue serological
analysis (396, 55%). Results were available on 364
sera at the time of redeployment. A total of 126
(35%) had elevated IgM titres consistent with acute
or recent flavivirus infection (13). Of the acute sera,
95 out of 328 (29%) were positive, and 31 out of 36

Table 4: Summary of laboratory parasitological tests
carried out by the 86th Combat Support Hospital la-
boratory, Haiti

Cultures n

Malarial smears
Negative 723
Positive 8 (1%)a
Plasmodium falciparum 6
Plasmodium malariae 2

Stool examination
Negative 144
Positive 12 (8%)b
Entamoeba coli 5
Endolimax nana 3
Entamoeba histolytica 2
Giardia lamblia 2
Blastocystis hominis 2
Trichuris trichiura 1
Necator americanus 1
Ascaris lumbricoides 1

a Obtained from four patients.
b Positive tests may contain more than one parasite.

(86%) convalescent sera were positive for elevated
anti-flavivirus IgM. Additional specimens were
shipped for human immunodeficiency virus (HIV)
serology, viral hepatitis or other pathogen testing,
pathological analysis, rheumatological studies, or
serum drug levels.

Discussion
To our knowledge, this is the first report of the expe-
rience of a hospital-based field laboratory supporting
a United Nations peacekeeping mission. The labora-
tory provided immediate benefits in terms of patient
care and led to a better understanding of the infec-
tious disease risks faced by the United Nations force.
In the Gulf War and in Somalia during Operation
Restore Hope, the Joint Forward Laboratory oper-
ated by the U.S. Navy provided theatre-wide surveil-
lance and diagnostic capabilities for a wide variety of
pathogens (14). The data from that laboratory have
been important for understanding the disease risks
faced by troops deployed in these regions, as well as
those deployed in the host countries (15-19).

This article demonstrates that even a small
hospital-based field laboratory can provide valuable
information about emerging infections. The diagnos-
tic capabilities of such a laboratory can be aug-
mented if an efficient mechanism for the transport of
specimens and data to more sophisticated laborato-
ries exists. An alternative would be to supply the
laboratory with diagnostic-testing equipment for
particular needs. For example, a field serological or
polymerase chain reaction (PCR) test for dengue
virus would have been useful in Haiti. For some
operations, specimens could be evaluated at perma-
nent regional laboratories such as WHO Collabora-
ting Centres, Pasteur Institutes, or U.S. Department
of Defense Overseas Laboratories (20).

Haiti is endemic for malaria (P. falciparum,
99%; others, 1%), with a recent study demonstrating
17.5% of smears positive in suspected cases (21).
Accordingly, United Nations personnel deployed in
Haiti were required to take malarial prophylaxis
(chloroquine or doxycycline) (22). Non-localized
febrile illnesses were commonly observed among
United Nations personnel, and were the most fre-
quent discharge diagnoses (234/489,48%). However,
clinical malaria was uncommon (2% of admitted
febrile patients) and responded promptly to chloro-
quine therapy. This is consistent with the fact that
no chloroquine-resistant malaria has been found
in Haiti (23 & P. Nguyen-Dinh, personal communi-
cation, 1995). Our data verify that chloroquine (or
doxycycline) remain effective antimalarials in
Haiti.
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Many patients with acute febrile illnesses had
serological evidence of dengue infection (35% of the
specimens were positive for acute flavivirus infec-
tion). This is probably an underestimate of the true
dengue incidence, since many patients presented
within days of the onset of illness, which is too early
for a measurable IgM response. Dengue fever was
documented during the initial U.S. military deploy-
ment in Haiti in 1994 (24), and the experience of the
UNMIH with dengue is discussed in more detail
elsewhere (25, 26).

Infectious gastroenteritis is prevalent in Haiti,
since safe water and sanitary facilities are essentially
lacking. Most UNMIH personnel were provided
with safe water and food, as well as sanitary latrines;
consequently, their rate of infectious diarrhoea
was low, the cases that occurred being associated
with the consumption of food from unapproved
sources, while many patients with negative stool
cultures had illnesses consistent with traveller's diar-
rhoea. Although specialized tests for enteropa-
thogenic E. coli were not performed, advances in
PCR technology may permit their use in future field
settings (27). Shigella spp. accounted for the majority
of enteropathogenic isolates. Shigella resistance to
ampicillin and trimethoprim + sulfamethoxazole
was notable and comparable to the experience in
other parts of the world (28). Fortunately such
strains were sensitive to ciprofloxacin. Although
the pathogenicity of P. shigelloides is controversial
(29), our experience tends to confirm it, since our
patients displayed a compatible clinical syndrome
without evidence of other infection.

All urinary culture isolates were community
acquired, with the exception of a yeast infection cul-
tured from a catheterized inpatient receiving ster-
oids for asthma. Not surprisingly, 15 (71 %) out of 21
of such isolates were E. coli. However, there was
a significant amount of primary antimicrobial re-
sistance in these strains. The antibiotics to which
resistance was found are frequently used in empiric
therapy for urinary-tract infections. Two strains
exhibited resistance to ciprofloxacin and other qui-
nolone antibiotics. One of these was also resistant to
tested aminoglycosides as well as imipenem. Such
resistance led to treatment failures necessitating
changes in antimicrobial therapy. MICs were invalu-
able in making therapeutic choices for these patients.

The origin of these resistant uropathogens
is unclear. Although ciprofloxacin and trimethoprim
+ sulfamethoxazole were commonly used with
imodium to treat diarrhoea in Haiti, to our knowl-
edge, none of the individuals with resistant isolates
had recently received antibiotics. Therefore, selec-
tion pressure in the individual patient seems un-
likely. Whether the strains were acquired in Haiti is

also unclear. Most affected individuals had been in
Haiti for at least 2 months, but conceivably could
have carried the organisms from their country of
origin.

The discovery of quinolone-resistant E. coli has
been described previously (30). As part of an in-
vestigation of an epidemic of shigellosis in Norway,
highly resistant strains of E. coli were detected on
imported lettuce, which was identified as the Shigella
vehicle (31). The resistance of these strains to
quinolones, aminoglycosides, and trimethoprim +
sulfamethoxazole was similar to the level that we
observed. As the lettuce involved had been con-
taminated with human sewage, the investigators pos-
tulated that faecally contaminated food could act as
a vector for antimicrobial resistance. Also in our
study, faecal contamination was likely for most of
the patients. Recently, it has been demonstrated that
travellers not taking prophylactic antibiotics can
experience enteric colonization with indigenous re-
sistant bacteria (32). It would be interesting to use
antibiotic-containing selection media for stool cul-
tures (33) to determine whether there is background
antimicrobial resistance in a representative popula-
tion sample in Haiti.

The emergence of antimicrobial resistance
around the world has led to increased concern about
a diminishing antibiotic armanentarium (34). Our
discovery in a developing country of community-
acquired uropathogens that are resistant to first-line
drugs commonly used there for urinary tract infec-
tions is disturbing. To our knowledge, indiscriminate
antimicrobial use in the Haitian population or live-
stock is not widespread because of a lack of re-
sources. Further studies will be required to define
the nature and extent of this problem.

Unlike most deployed field hospitals, which
evacuate military personnel with serious medical
problems after stabilization, UNMIH policy did not
allow for the evacuation of injured Haitians. Conse-
quently, the 86th Combat Support Hospital was the
site of definitive care for some individuals with com-
plex orthopaedic injuries. Several required plastic
surgery and long-term intravenous antibiotic therapy
for osteomyelitis. Nosocomial pathogens isolated in-
cluded Pseudomonas, Enterobacter, and Alcaligenes
spp. Fortunately, no resistance to third-generation
cephalosporins was found in nosocomial Gram-
negative organisms, although there was resistance to
many other classes of antibiotics.

Few positive throat cultures were observed. Of
interest, the majority of these were of group B
streptococci which, like the group A and C isolates,
were associated with a febrile syndrome with phar-
yngitis that responded to antibiotics. Both group C
and group B streptococci have been observed in
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cases of pharyngitis comparable to that associated
with group A (35, 36). There appeared to be no
clustering or other epidemiological link between
such cases.

In summary, the 86th Combat Support Hospi-
tal's laboratory was invaluable for detecting patho-
gens for clinical care, medical surveillance, and
infection control. Transport of serum specimens
from Haiti to laboratories in the USA led to the
probable identification of dengue virus as the major
cause of febrile illness among UNMIH personnel.
The ability of the field laboratory to perform
complete identifications and MICs for bacterial
pathogens was crucial for guiding antimicrobial
therapy. The discovery of highly resistant
community-acquired E. coli uropathogens empha-
sizes the importance of surveillance for detecting
emerging antimicrobial resistance worldwide (37)
and suggests the important role that small, deployed
field laboratories can play in this effort.
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Resume
R6sultats d'analyses microbiologiques
effectuees en Haiti: juin-octobre 1995
De juin a octobre 1995, un h6pital de l'arm6e
am6ricaine (US Army's 86th Combat Support
Hospital) a ete mis en place en Haiti en soutien a
la mission des Nations Unies pour le maintien de
la paix. Cet h6pital 6tait charg6 de fournir des
services de sant6 complets au personnel civil et
militaire des Nations Unies en poste en HaTti, com-
pos6 de ressortissants des Etats-Unis d'Am6rique
et d'autres pays. Le laboratoire de l'h6pital, 6quip6
pour les analyses bact6riologiques et parasito-
logiques, 6tait particulierement utile compte tenu
de la menace que repr6sentent les maladies in-
fectieuses en HaTti. Pendant la p6riode consid6r6e,
6628 analyses de laboratoire ont 6t6 effectuees,
dont 356 analyses bact6riologiques (5,4%) et
887 analyses parasitologiques (13,4%). On a
notamment d6couvert des isolements urinaires
d'Escherichia coli antibior6sistants. 11 s'agissait d'in-
fections contract6es dans la communaut6 et dues
a des souches r6sistantes a l'ampicilline (6/15),

au trim6thoprime/sulfam6thoxazole (6/15) et a la
ciprofloxacine (2/15). Une r6sistance a l'ampicilline
(8/15) et au trimethoprime/sulfam6thoxazole (3/15)
a 6galement ete not6e chez Shigella spp. Aucune
souche de paludisme chloroquinor6sistant n'a
cependant ete trouv6e. Le virus de la dengue,
transmis par des moustiques, 6tait un important
agent pathog6ne. Des agents pathog6nes noso-
comiaux r6sistants aux antimicrobiens ont 6gale-
ment ete observ6s. Les laboratoires mis en place
dans ces conditions doivent etre capables de
r6aliser des antibiogrammes et d'identifier les
germes en cause afin d'orienter la prise en charge
des cas, de r6aliser une surveillance m6dicale et de
d6tecter 1'6mergence de r6sistances.
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