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Brucellosis is a bacterial zoonotic disease which has been associated with laboratory-acquired infections. No recent reviews have
addressed the characteristics of laboratory-acquired brucellosis (LAB). English-language literature was reviewed to identify re-
ports of laboratory exposures to Brucella spp. and LAB cases between 1982 and 2007. Evaluation of 28 case reports identified 167
potentially exposed laboratory workers, of whom 71 had LAB. Nine reports were identified that summarized an additional 186
cases of LAB. Only 18 (11%) exposures were due to laboratory accidents, 147 (88%) exposures were due to aerosolization of or-
ganisms during routine identification activities, and the circumstances of 2 (1%) exposures were unknown. Brucella melitensis
was the causative agent in 80% (135/167) of the exposures. Workers with high-risk exposures were 9.3 times more likely to de-
velop LAB than workers with low-risk exposures (95% confidence interval [CI], 3.0 to 38.6; P < 0.0001); they were also 0.009
times likelier to develop LAB if they took antimicrobial PEP than if they did not (95% CI, 0 to 0.042; P < 0.0001). The median
incubation period in case and summary reports was 8 weeks (range 1 to 40 weeks). Antimicrobial PEP is effective in preventing
LAB. The incubation period may be used to identify appropriate serological and symptom surveillance time frames for exposed
laboratory workers.

Brucellosis is caused by pathogenic Brucella spp., of which Bru-
cella abortus, B. melitensis, and B. suis most commonly affect

humans. Brucellosis is a zoonotic disease that can be severe and
may become chronic if untreated or treated improperly; common
symptoms include undulant fever, myalgia, arthralgia, night
sweats, and malaise (1). Brucella sp. infections can lead to sponta-
neous abortions and intrauterine fetal death in pregnant women
but have not been associated with birth defects (2). Though the
disease was once considered an occupational disease in the United
States due to endemicity in domestic herd animals, control mea-
sures have substantially reduced the burden of animal disease and
thus human disease (3, 4). Three primary sources of human infec-
tion are thought to exist in the United States today— consump-
tion of unpasteurized dairy products consumed in or imported
from a country where brucellosis is endemic (4), contact with
meat or tissues of infected wild animals (5), and laboratory expo-
sures to Brucella isolates (6).

Brucellosis is a frequently reported laboratory-acquired infec-
tion (6–9). Characteristics of the organism and the disease con-
tribute to the associated risk in a laboratory setting. Brucella spp.
are readily aerosolized and have an infective dose of 10 to 100
organisms (10). In addition, because brucellosis is uncommon in
the United States and patients often present with nonspecific signs
and symptoms, clinicians may not suspect brucellosis, include it as
a differential diagnosis, or notify the laboratory (11); also, labora-
tory workers may not be familiar with the organism. This can lead
to exposures to Brucella spp. in clinical laboratories during cultur-
ing and isolation of clinical specimens (12–14). Also, proper safety
precautions (15, 16) for Brucella isolates may not be observed in
laboratories that rarely receive highly pathogenic organisms.

Despite the publication of laboratory safety measures (15, 16)
and postexposure recommendations (17), laboratory exposures
and laboratory-acquired brucellosis (LAB) cases continue to oc-
cur (18, 19). In the United States, roughly 120 cases of brucellosis
are reported annually. No national surveillance system specifically
identifies laboratory-acquired cases (20); therefore, the annual in-
cidence of brucellosis resulting from laboratory transmission is

not known. A few reviews of laboratory-acquired infections have
been published; however, these reviews do not describe exposures
leading to laboratory-acquired brucellosis in detail (6, 8, 21).

A literature review of Brucella spp. laboratory exposure case
reports and summary reports was performed to determine the
characteristics of laboratory exposures, better define high risk ac-
tivities, and identify evidence-based time points for serological
and symptom monitoring.

MATERIALS AND METHODS
Search strategy. A search was conducted in PubMed and ISI Web of
Knowledge databases for laboratory exposure case and summary reports.
The search was restricted to English language reports but allowed reports
from outside the United States. Several searches were conducted using a
combination of keywords: “brucellosis � laboratory,” “brucellosis � lab-
oratory-acquired,” “Brucella � laboratory � exposure,” “brucellosis �
laboratory infection,” and “Brucella � exposure.” This search strategy
resulted in 32 case reports and 14 summary articles. Manual examination
of reference lists from the located articles identified nine additional case
reports and nine summary articles. A laboratory infection bibliography
was used to locate older articles not in PubMed (22); four case reports and
two summary reports were identified. In total, 45 case reports and 25
summary articles were found. These were narrowed down to include ar-
ticles published in the 25 years prior to the publication of the Centers for
Disease Control and Prevention (CDC) postexposure prophylaxis (PEP)
recommendations in January 2008 (17). Articles published after this date
widely referenced the CDC publication; the time frame was chosen to
reduce reporting bias introduced by these recommendations. Reports de-
scribing the same exposure were excluded. This resulted in 28 case reports
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(Table 1) and 9 summary reports (Table 2) published between 1982 and
2007.

The summary reports were excluded from the primary analysis, as the
exposure information was not clearly defined for each laboratory worker.
Exposure information was summarized when available, including num-
ber of cases, risk classification, laboratory activities which led to exposure,
and symptoms. The available denominators varied and did not necessarily
represent those exposed to Brucella (Table 2).

Variable review and classification. Key variables regarding the case
patient, worker demographics, exposure, laboratory activities, prophy-

laxis, and health outcomes were identified from the case reports. When
available, information was collected on the individuals whose clinical
sample was the cause of exposure.

Laboratory roles were grouped into similar fields. Physicians and
nurses were grouped as health care workers, while microbiologists and
laboratory technologists were grouped as microbiologists; other groups
were researchers and administrators. Facilities were categorized into four
groups: reference laboratories included state or national health and agri-
culture laboratories, clinical laboratories were first-tier laboratories re-
ceiving clinical specimens, research laboratories were those with a pri-

TABLE 1 Case reports describing laboratory exposures to Brucella spp. and laboratory-acquired brucellosis

Author(s) (reference) Yr published Country

No. of
cases/no.
exposed

No. receiving
PEP

No. with risk level

High Low None Unknown

Gossens et al. (42)a 1983 Belgium 1/1 0 0 0 0 1
Young (33)a 1983 U.S. 2/2 0 2 0 0 0
Elidan et al. (46)a 1985 Israel 1/1 0 0 0 0 1
Montes et al. (45) 1986 Spain 1/1 0 0 0 0 1
Al-Aska and Chagla (31)a 1989 Saudi Arabia 4/4 0 4 0 0 0
Georgihiou and Young (41)a 1991 U.S. 1/1 0 1 0 0 0
Young (34)a 1991 U.S. 5/5 0 0 0 0 5
Batchelor et al. (12)a 1992 Kenya/United Kingdom 2/2 0 2 0 0 0
Chusid et al. (25)a 1993 US 3/3 0 0 0 0 3
Kiel and Khan (36) 1993 Saudi Arabia 6/7 0 1 0 0 6
Gruner et al. (26)a 1994 Switzerland 5/5 0 5 0 0 0
Martin-Manzuelos et al. (71) 1994 Spain 4/4 0 0 0 0 4
Wheat et al. (29) 1995 United Kingdom 0/11 11 11 0 0 0
Arlett (43)a 1996 Britain 1/1 0 0 0 0 1
Grammont-Cupillard et al. (13)a 1996 France 3/3 0 3 0 0 0
Zervos and Bostic (38) 1997 U.S. 0/3 3 2 0 0 1
Brew et al. (64) 1999 United Kingdom 1/1 0 0 1 0 0
Fiori et al. (32)a 2000 Italy 12/38 0 11 0 39 0
Yagupsky et al. (39)a 2000 Israel 7/7 0 2 0 3 2
Memish and Mah (35)a 2001 Saudi Arabia 6/6 0 0 3 0 3
Memish et al. (37)a 2001 Saudi Arabia 1/1 0 1 0 0 0
Gannon (30) 2003 U.S. 0/3 3 3 0 0 0
Noviello et al. (27)a 2004 U.S. 2/2 0 2 0 0 0
Ozaras et al. (61) 2004 Turkey 1/1 0 0 0 0 1
Robichaud et al. (28)a 2004 Canada 1/26 5 6 20 0 0
Wallach et al. (60)a 2004 U.S. 1/1 0 1 0 0 0
Uhde et al. (44) 2005 U.S. 0/9 5 6 3 0 0
Maley et al. (14) 2006 Australia 0/44 7 19b 25 0 0
a Cases described in this report were used to calculate incubation period.
b Twelve of these workers were classified as having medium-risk exposure in the original publication.

TABLE 2 Summary reports describing laboratory exposures to Brucella spp. and laboratory-acquired brucellosis

Author(s) (reference) Yr Country Data source
No. of cases/
denominatora

No. with risk level

High Low Unknown

Grist and Emslie (72) 1985 United Kingdom Survey 1/5,330* 1 0 0
Miller et al. (63) 1987 U.S. Facility review 18/128† 18
Olle-Goig and Canela-Soler (56)b 1987 Spain Incident report 28/164‡ 21 7 0
Staszkiewicz et al. (73) 1991 U.S. Incident report 8/26‡ 5 3 0
Ergonul et al. (74) 2004 Turkey Facility review 12/55§ 12
Hasanjani Roushan et al. (75) 2004 Iran Facility review 38/469¶ 38
Reid (76) 2005 Ireland Facility review 6/158§ 6
Bouza et al. (62) 2005 Spain Survey 75/628* 75
Al Dahouk et al. (77) 2005 Germany Facility review 1/31¶ 1
a Sources of the denominators varied by article, as follows: *, microbiology laboratory worker respondents to national laboratory safety surveys; †, reported laboratory exposures to
any infectious agent at facility; ‡, employees at facility; §, sample from employees at facility based on response or specific criteria; ¶, brucellosis patients admitted to medical facility.
b Cases described in this report were used to calculate incubation period.
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mary focus on experimental microbiology, and the last group was vaccine
production laboratories.

When risk classification was not clearly stated but there was a clear
description of laboratory activities performed, the exposure risk was clas-
sified using the CDC’s definition of risk. The CDC definition of a high-risk
exposure is direct contact with Brucella, work on an open bench with a
Brucella isolate or within five feet of such work, or presence in a laboratory
during an aerosol-generating event; CDC defines a low-risk exposure as
presence in a laboratory during work with a Brucella isolate not meeting
the definition of a high-risk exposure (17). Since risk classification is di-
chotomous, a conservative approach was taken in which workers classi-
fied as having a medium-risk exposure (14) were reassigned to the high-
risk group for this analysis. Workers who were never in the laboratory,
and thus did not meet the high- or low-risk exposure criteria, were clas-
sified as having no risk.

Two authors (R.M.T. and M.W.L.) independently assigned exposure
risk. Any discordant cases were discussed; when needed, a third author
(M.A.G.) made the final determination. Risk was classified as unknown
when specific activities, use of personal protective equipment (PPE), or
use of a biological safety cabinet (BSC) was not explicitly described. Re-
ceipt of antimicrobial PEP was determined by an explicit description of
any antimicrobial agent or agents given for any length of time to an ex-
posed worker to prevent infection following a known exposure.

Exposed workers were classified as having laboratory-acquired brucel-
losis (LAB) if the case report stated that seroconversion occurred, titers
indicative of brucellosis were provided (23), or the case was culture con-
firmed. Brucellosis-consistent symptoms following a known exposure
were considered suggestive of infection. Optimal treatment was defined as
a treatment regimen consisting of at least two antimicrobial agents effec-
tive against Brucella and given for at least 6 weeks (24). Based on this
definition, LAB cases were classified as either receiving optimal treatment
or not. The relapse rate was calculated for LAB cases for which relapse
status and treatment regimen and duration were reported. All identified
case reports and summary reports with dates of exposure and symptom
onset were used to develop the incubation period curve (Fig. 1).

The attack rate (AR) for each variable was calculated as the total num-
ber of infected workers divided by the total number exposed for the vari-
able. The chi-square test and Fisher’s exact test were used to calculate
statistical associations. Exact methods were used to calculate odds ratios
to adjust for cells with a value of zero. All analyses were performed using
SAS 9.2 (SAS Institute, Cary, NC).

RESULTS
Case reports. In the 28 laboratory exposure case reports, 167
workers were potentially exposed to Brucella spp., 71 (43%) of

whom developed LAB (Table 3). More than 48 exposure incidents
were described. Four reports described secondary exposures in-
volving the same or related isolates (12, 25–27).

Information about the source of the clinical specimen (the in-
dex case) was provided in 7 reports describing 94 exposures. In 5
reports describing 86 exposures, the index cases were immigrants
from (27–29) or travelers to (14, 30) a country where the organism
is endemic. The index cases in two reports describing eight expo-
sures had consumed unpasteurized dairy products in a country
where the organism is endemic (26) or imported the products to
the United States (25). Time to bacterial growth was reported for
six cases, with a median of 4 days (range 3 to 7).

Microbiologists were most frequently exposed (158 [95%]);
however, they had the lowest attack rate (39%, Table 3). Most
individuals worked in clinical laboratories, while 19 worked in
reference, research, and vaccine production laboratories.

Aerosolized Brucella organisms were implicated as the route of
exposure for 155 (93%) exposures, while direct contact with Bru-
cella organisms was implicated in 6 exposures; route of exposure
was not reported for another six exposures (Table 4). Only 18
(11%) exposures were due to laboratory accidents which led to
both aerosol and direct contact with organisms. These included a
broken tube of a culture in liquid medium, injection, splash of
liquid medium, skin and conjunctiva contact, and accidental in-
gestion from mouth pipetting (31–34). The majority of exposures
were due to aerosolization of organisms during routine identifi-
cation activities (147 [88%]).

Routine activities which led to exposures included manipula-
tion of an organism outside a BSC, misidentification of an isolate,
and unsafe laboratory practices (Table 4). Eighty-five of the 167
(51%) exposed workers directly manipulated an isolate, of whom
77 (91%) reported manipulation of an isolate outside a BSC. Mis-
identification by commercial identification systems reportedly led
to three exposure events (12, 25, 28). These systems did not con-
tain a profile for Brucella spp. in their database at the time of the
reports, which resulted in misidentification as Psychrobacter phe-
nylpyruvica. Three employees worked with isolates outside a BSC
after misinterpretation of the Gram stain, all of whom developed
LAB (27, 35). Nine workers reportedly sniffed a culture plate of
Brucella, five of whom developed LAB (AR, 56%) (13, 14, 28,
36–38).

TABLE 3 Demographics of laboratory workers exposed to Brucella spp.
and laboratory-acquired brucellosis (LAB) cases

Occupation or facility
No. exposed
(n � 167)

No. with LAB
(n � 71)

Occupation
Microbiologist 158 62
Researcher 3 3
Clinician 3 3
Administrator 2 2
Unknown 1 1

Facility
Clinical 142 46
Reference 2 2
Research 15 15
Vaccine production 2 2
Unknown 6 6

FIG 1 Time course of disease onset following occupational exposure to Bru-
cella spp. (n � 80).
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Exposure to Brucella sp. culture was reported for 155 exposed
individuals (93%), 63 (41%) of whom developed LAB (Table 4).
Ten workers were exposed to other infectious specimens or prod-
ucts, six of whom developed LAB. Nine of these workers were
exposed to human or animal clinical specimens in a laboratory.
One worker was exposed to animal vaccine in a vaccine develop-
ment laboratory. Exposure was not reported for two workers.

Seventy-five exposed workers (45%) did not directly manipu-
late an isolate, and 15 (20%) developed LAB. Of these LAB cases,
11 were involved in a laboratory accident (32), while four non-
laboratory workers had never entered the room where Brucella
was manipulated (32, 39).

B. melitensis was the causative agent leading to 135 exposures
(81%). Reports from countries where B. melitensis is not endemic
in domestic animals (40) accounted for 105 of the 135 (78%)
exposures to B. melitensis (12, 14, 25–30, 33, 34, 38, 41–43). Twen-
ty-nine exposures were to B. abortus, B. suis, B. canis, unidentified
Brucella spp., and a recently identified marine mammal species.
The etiologic agent was not specified for three exposures, although
subsequent laboratory-acquired infections were reported as bru-
cellosis.

Serological monitoring of exposed workers was described in 6
of 28 case reports and included 72 exposed workers, of which 13
seroconverted (14, 28, 30, 32, 38, 44). A standard or microagglu-
tination assay was used in each instance; however, one individual
was treated for brucellosis based on IgM antibody detection using
indirect fluorescence, although the Brucella microagglutination
test results were negative (not categorized as a LAB case) (44).
Variable monitoring timelines were reported, ranging from test-
ing of acute- and convalescent-phase specimens (30) to biweekly
testing for 3 months (14, 28, 32). Poor compliance with biweekly
monitoring was described in one case report, in which 77% of
workers missed two or more serum draws (28). However, another
reported that only 18% of serum draws were missed on the same
biweekly monitoring timeline (14).

Among the 134 workers classified as having high- or low-risk
exposures, those with high-risk exposures were 9.3 times more
likely to develop LAB than those with low-risk exposures (95%
confidence interval [CI], 3.0 to 38.6; P � 0.0001). Antimicrobial
PEP was offered to 36 of the 167 (22%) exposed workers (35 high-
risk and 1 unknown-risk exposures) and was accepted by 34
(94%) workers (14, 28–30, 38, 44). The antimicrobial PEP regi-
men was described for 29 exposed workers; 25 received doxycy-
cline and rifampin, 3 received doxycycline alone, and 1 pregnant
worker received trimethoprim-sulfamethoxazole. The median
duration of antimicrobial PEP was 2 weeks (range 1 to 6 weeks).
Eight of the 34 (24%) workers who received antimicrobial PEP did
not complete their prescription due to side effects or perceived
low risk of infection (14, 30, 44). None of the workers who took
PEP developed infection, including 33 workers with high-risk ex-
posures. Workers classified as having high-risk exposures who
took antimicrobial PEP were 0.009 times as likely to develop LAB
than those who did not take PEP (95% CI, 0 to 0.042; P � 0.0001).

All LAB cases had positive serology or culture. Sixty-eight
(96%) of 71 LAB cases were seropositive and 47 (66%) were cul-
ture positive; 44 were both seropositive and culture positive.

Of the 24 seropositive-only cases, culture was not done or not
reported for 18; 20 had agglutination titers of �1:160, while 4
lacked confirmatory serological evidence of brucellosis but were
considered by the original authors to have brucellosis (13, 25, 34).

TABLE 4 Sources of Brucella exposure among laboratory workers and
subsequent laboratory-acquired brucellosis

Source
No. exposed
(n � 167)

No. with LAB
(n � 71)

Attack rate
(%)

Route of exposure
Aerosol 155 59 38
Contact/ingestion 6 6 100
Unknown 6 6

Exposure method
Routine 147 52 35
Accidental 18 18 100
Unknown 2 1

Exposure
Culture 155 63 41
Clinical specimens 9 5 56
Vaccine 1 1 100
Unknown 2 2

Activity
Open bench 82 46 56
Subculture 56 24 43
Gram stain 46 20 43
Commercial tests 30 5 17
Biochemicals 44 18 41
Break 15 15 100
Catalase 13 3 23
Use of BSC 11 9 82
Sniff 9 5 56
Misread Gram

stain
3 3 100

Proximity
Work with agent 85 49 58
No work with

agent
75 15 20

Not in room 4 4 100
Unknown 7 7

Species
B. melitensis 135 49 36
B. abortus 13 13 100
B. suis 9 0 0
B. canis 1 1 100
Marine species 1 1 100
Brucella species 5 5 100
Unknown 3 2

Risk class
High risk 82 36 44

No PEP 49 36 73
PEP 33 0 0

Low risk 52 4 8
No riska 4 4 100
Unknown 29 27

PEP
Yes 34 0 0
No 128 66 52
Unknown 5 5

a “No risk” refers to workers who do not meet the CDC’s high- or low-risk exposure
criteria (17).
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Two of the three culture-positive-only cases had negative serolog-
ical results reported. Bacterial growth of isolates from LAB cases
was slow (n � 17; median, 9.5 days; range, 3 to 42).

Agglutination methods identified 47 LAB cases and were used
as secondary assays for another 7. Rose bengal staining and en-
zyme-linked immunosorbent assay (ELISA) identified 21 cases; all
but two were also positive in another assay or by culture. Coombs’
test and complement fixation were used as secondary assays for
three cases.

The median titer from quantitative assays was 1:1,280 (1:40 to
1:20,480). The median titers did not vary substantially between
LAB cases with low-risk exposures (n � 3) and those with high-
risk exposures (n � 29) (1:1,280 [1,280 to 10,240] versus 1:640
[1:120 to 1:10,240]).

Symptomatic LAB cases experienced typical nonspecific symp-
toms, including fever (71%), arthralgia (36%), sweats (32%),
headache (22%), myalgia (22%), malaise (22%), and fatigue
(14%). Some workers experienced more severe signs, including
soft tissue abscesses (some of which involved implants or prosthe-
ses) (35, 37), spondylitis or sacroiliitis (26, 33, 35), and neurologic
brucellosis (45). Chronic fatigue (34) and permanent hearing loss
(46) were also reported.

Seven of 35 (20%) female workers for whom sex was reported
were pregnant at the time of exposure, of which six developed LAB
(86%). Four of these LAB cases aborted (13, 31, 34, 41); all had
positive Brucella antibody titers by agglutination or rose bengal
serological tests, and three were culture positive for B. melitensis.
Two abortions occurred spontaneously following onset of fever,
malaise, and vaginal bleeding (31, 34); one patient was on treat-
ment for 1 month before the abortion occurred. The third LAB
patient underwent a therapeutic termination following a diagno-
sis of disseminated intravascular coagulation; the patient made a
full recovery (41). The final LAB patient also underwent a thera-
peutic abortion following seroconversion and onset of night
sweats after sniffing culture plates (13). The reason given for the
abortion was the potential risk to the fetus; placental tissues were
culture negative.

Individual incubation periods were identified or calculated for
80 LAB cases (12, 13, 17, 18, 25–28, 31–35, 37, 39, 41–43, 46–60).
The median time to symptom onset among these case patients was
8 weeks (interquartile range [IQR], 5 to 12 weeks; mean, 9.0
weeks; standard deviation [SD], 5.8 weeks), with a range of 1 to 40
weeks (Fig. 1). Date of seroconversion was reported for 12 workers
(13, 28, 32). The median time to seroconversion was 11 weeks
(IQR, 9 to 14 weeks; mean, 11.7 weeks; SD, 3.4 weeks), with a
range of 8 to 20 weeks.

The antimicrobial agents given for treatment of LAB were de-
scribed for 59 of the 72 (82%) LAB cases. Six LAB cases received
trimethoprim-sulfamethoxazole only, five received tetracycline,
and one case received ceftriaxone. The remaining 47 LAB cases
received at least two antimicrobial agents: doxycycline and an
aminoglycoside (n � 21), doxycycline and rifampin (n � 22),
tetracycline or rifampin and trimethoprim-sulfamethoxazole
(n � 4), and rifampin and an aminoglycoside (n � 1). A second
antimicrobial regimen was described for 10 of 12 cases that expe-
rienced relapse. Prescribed antimicrobials included tetracycline
with streptomycin (n � 3) and doxycycline with rifampin (n � 4);
the remaining three cases received doxycycline alone or in combi-
nation with ciprofloxacin, rifampin, or streptomycin.

The duration of treatment was reported for 45 of the 59 (76%)

LAB cases with antimicrobial agents described; the duration of a
second treatment regimen was provided for 8 of 12 (67%) relapsed
cases. The median duration of treatment was 6 weeks for both first
and second treatment regimens (mean, 5.7 weeks [SD, 1.8 weeks]
for the first treatment; mean, 8.6 weeks [SD, 10.0 weeks] for the
second treatment), though the duration varied widely between
regimens (3 days to 12 weeks versus 1 to 40 weeks). Workers with
LAB who received optimal treatment were less likely to relapse
than those who did not (odds ratio, 0.055; 95% CI, 0.0070 to 0.39;
P � 0.01). The three cases who relapsed after receiving optimal
treatment had been prescribed 6 weeks’ treatment with doxycy-
cline and rifampin; the relapse rate for this regimen was 14% (3/
21) (36, 37, 61).

Summary reports. From the 9 summary reports, 186 LAB
cases were reported. Microbiologists were most frequently identi-
fied with LAB (n � 85, 46%), followed by pathologists (n � 43,
23%). Individuals with other occupations who developed LAB
included 11 clinicians (6%), nine animal caretakers (5%), two
laboratory maintenance workers (1%), and two administrators
(1%).

Of 142 LAB cases for which the route of exposure was de-
scribed, 121 (85%) were due to aerosol exposure and 2 were due to
skin contact; the remainder were unknown or not reported. The
most frequently reported source of infection was processing of
blood cultures (n � 71), followed by work with known Brucella
strains (n � 62) and unknown (n � 4); the source was not re-
ported for 49 cases. A national survey of LAB reported that 60 of 75
cases were linked to major biosafety violations (62).

Serological diagnosis was reported for 139 cases. Species results
were reported for 63 LAB cases: 44 (70%) were infected with B.
melitensis, 9 (14%) with B. abortus, and 1 (2%) with B. suis; 9
(14%) were culture negative, and the species to which the individ-
uals were exposed were not indicated (63).

LAB cases with reported symptoms (n � 48) experienced
symptoms similar to those found in the case reports, though at a
higher rate. Frequently reported symptoms included fever (71%),
arthralgia (58%), headache (58%), fatigue (56%), sweats (45%),
malaise (44%), and myalgia (40%).

DISCUSSION

Of the 167 exposed workers, 71 developed LAB, of whom 12 re-
lapsed. Microbiologists and clinical laboratory staff were more
frequently exposed to Brucella spp. than individuals in other oc-
cupations (e.g., researchers) and those employed in other labora-
tory settings, yet the rate of LAB was lower in this group. This
review demonstrates that staff other than microbiologists are also
at risk when Brucella organisms are manipulated in a laboratory,
but exposures likely go unrecognized unless an infection is iden-
tified. It may be important to consider brucellosis as a differential
diagnosis among employees outside the microbiology laboratory
but within the same facility as a known exposure.

Routine diagnostic work with Brucella spp., or proximity to the
organism, resulted in the majority of exposures. Unlike laboratory
accidents, which provide a clear exposure event, exposures due to
routine work lack clearly identified incidents and may not be
linked to breaches in laboratory safety protocols (64). Manipula-
tion of unknown isolates in a BSC is considered unnecessary by
some (65); however, this review suggests that it is a primary safety
measure to prevent LAB, particularly for slow-growing Gram-
negative or Gram-variable organisms. In addition, risky diagnos-
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tic methods, such as mouth pipetting and sniffing plates, should
be prohibited due to the associated risk of infection (13, 14, 28,
36–38).

Though manipulation in a BSC is a primary safety measure,
seven cases did occur despite constant use of a BSC with no rec-
ognized lapses in biosafety. Air movement from a door causing
airflow out of the BSC was identified in one outbreak (35, 37), and
unidentified lapses in safety were thought to have caused another
(39). These reports, along with the cases reported to have never
entered the laboratory (32, 39), demonstrate the need for evalua-
tion of ventilation systems, particularly following highly aerosol-
izing events.

B. melitensis is not present in a number of countries from
which exposures to the species were reported (12, 14, 25–30, 33,
34, 38, 40–43, 66). The index cases from these reports were trav-
elers to and immigrants from countries of endemicity or individ-
uals who consumed unpasteurized dairy products from countries
of endemicity. When submitting a specimen from a patient with a
history of travel to a country of endemicity or history of consum-
ing unpasteurized milk products, physicians should notify the lab-
oratory of the possibility of Brucella spp.

This review demonstrates that antimicrobial postexposure
prophylaxis is highly effective in preventing brucellosis among
workers classified with high-risk exposures. Optimal duration of
antimicrobial PEP could not be concluded from this review, as
duration of PEP was highly variable. However, LAB did not de-
velop in any worker who took antimicrobial PEP. CDC recom-
mends 3 weeks of antimicrobial PEP (17, 70), though 6 weeks has
also been recommended (67).

No deaths were reported among the LAB cases, though four
pregnant LAB cases experienced abortions. Only a few deaths
from LAB have been reported in the literature; most occurred
prior to the development of antimicrobial agents. This is consis-
tent with other reviews of LAB (6, 8, 21); the case fatality rate for
brucellosis is reportedly 1 to 2%, which usually occurs in chronic
cases with endocarditis (1).

A notable finding in this review is the increased effectiveness of
optimal treatment of LAB, which consists of two or more effective
antimicrobials for 6 weeks or more (68), compared to mono-
therapy. Studies have shown relapse rates of 0 to 16% for a variety
of optimal antimicrobial combinations, such as doxycycline plus
rifampin or streptomycin given for 6 weeks (68); the relapse rate of
cases receiving optimal therapy from these reports falls in this
range.

There are a number of limitations to this review. First, the
definitions used to determine risk classification, illness, incuba-
tion, and optimal treatment may not accurately represent expo-
sures and cases. However, published recommendations were used
to define risk and optimal treatment (17, 24), and only four (6%)
cases classified in the original case reports as LAB cases lacked
confirmatory laboratory evidence of infection. The date of illness
onset is subject to recall bias; thus, the incubation period may be
overestimated. Second, the laboratory workers described in these
case reports and summaries may not be representative of all lab-
oratory workers occupationally exposed to Brucella spp. It is pos-
sible that the number of LAB, especially those where proper pre-
cautions were used, is overrepresented, since exposures that did
not result in disease are less likely to be reported. Third, the work-
ers who developed LAB may have had risk factors that increased
their risk of infection compared to those workers who did not

develop LAB. Fourth, exposures may not be recognized even if an
employee becomes ill, due to the nonspecific symptoms of brucel-
losis, lack of awareness of the disease, and difficult diagnosis. Fifth,
reports describing exposures in nonclinical laboratories do not
provide an accurate attack rate. Exposures in atypical settings
likely go unrecognized unless an infection is diagnosed.

Laboratory exposures to Brucella spp. remain a public health
problem for which there are practical exposure and infection pre-
vention solutions, which protect against other laboratory-ac-
quired infections. Many of the exposures described above were
caused by routine work with clinical specimens where brucellosis
was not suspected. Laboratory workers and clinicians should
communicate to assess the risk posed to the laboratory staff during
the identification of a specimen (69). As a safety precaution, it may
be advisable that all unknown specimens be manipulated in a BSC
until a highly infectious pathogen is ruled out. If an exposure to
Brucella spp. occurs, revised postexposure guidelines are available
in the accompanying article (70).

This review demonstrates the effectiveness of antimicrobial
postexposure prophylaxis following high-risk exposures, and op-
timal treatment with combination antimicrobials for at least 6
weeks for individuals who develop brucellosis. The incubation
period identified in these reports is valuable to appropriately select
a time frame for serological and symptom surveillance. Standard-
ized active surveillance and monitoring should be initiated to pro-
tect the health of laboratory workers.
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