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Abstract. Two parallel outbreaks of Brucella melitensis infection occurred in 2014 in two geographical areas
in Israel. In two medical centers in northern Israel and one medical center in Jerusalem, 102 patients (58 children,
47 adults) were diagnosed with brucellosis. Most patients (N = 76, 72%) were Muslim Arabs, 28 (27%) were Druze,
and one was Jewish. The source of infection was often traced to cheese from the Palestinian Authority. Biovar-1 was
evident in 98% in northern Israel but only in 42% in Jerusalem. Most common manifestations were fever (82%) and
osteoarticular symptoms (49%). The major differences between the geographic areas were ethnicity and duration
until diagnosis. Compared with adults, children had higher rates of hospitalization (93% versus 64%, P = 0.001),
osteoarticular symptoms (60% versus 36%, P = 0.05), elevated alanine aminotransferase (12% versus 0%, P = 0.01),
and lower C-reactive protein (2.28 ± 2.08 versus 5.57 ± 6.3l mg/dL, P = 0.001). Two unrelated brucellosis outbreaks
occurred in 2014 in two different geographic areas of Israel and were limited to sections of the Arab and Druze
populations. Most of the demographic and clinical aspects of patients were not affected by geographic variability. Clini-
cal and laboratory differences were found between children and adults emphasizing the nonuniformity of the disease in
different age groups. Effective control of unpasteurized dairy foods, health education programs, and improved regional
cooperation are required to control brucellosis in Israel.

INTRODUCTION

Brucellosis is uncommon in Israel except for areas inhabited
by rural Arab population where it is an ongoing, albeit
contained, public health problem.1–3 Most of human brucello-
sis cases in Israel are caused by ingestion of unpasteurized
dairy products from infected animals.3 The incidence of bru-
cellosis ranges from 0.2/100,000 in the Jewish population to
7/100,000 among Arabs.3 In 2014, the number of human
brucellosis cases was almost doubled compared with 2013
(603 versus 336 cases, respectively) and previous years and
was about 10 times higher compared with 2013 in Jerusalem
and northern Israel areas.4 In addition to the cases occur-
ring yearly in the Negev endemic area, primarily among
Bedouins, two parallel outbreaks of brucellosis occurred in
2014 in the area of Jerusalem and in two districts in northern
Israel: the Acre and Yezreel Valley districts.
The aims of this article was to describe the unique charac-

teristics of these outbreaks, compare between the outbreaks
occurring in parallel in two distinct geographical areas, and
characterize brucellosis in pediatric versus adult population.

METHODS

Clinical, epidemiological, and laboratory data were col-
lected from the charts of patients diagnosed with brucellosis
during 2014: children in the Galilee Medical Center (GMC),
Nahariya; and children and adults in Emek Medical Center
(Emek), Afula, both in northern Israel; and children and
adults in Shaare Zedek Medical Center (SZMC), Jerusalem.
Data were compared between the different geographical

areas and between adult and pediatric patients. A diagnosis
of brucellosis was made based on a positive blood culture
or a positive serology test with a titer of 1:160 or greater
within 2 weeks of clinical disease onset. Microsoft Excel
2007 (Microsoft, Redwood, WA) was used for data collec-
tion. Statistical analysis was done using Excel 2007 and
WINPEPI.5 Qualitative variables were compared using the
χ2 test. Quantitative variables were compared by the t test.
The isolates were identified at the genus level by conven-

tional microbiological methods and biotyped as previously
described based on requirement of CO2 for growth, urease
activity, production of H2S, susceptibility to penicillin and
streptomycin, growth on fuchsin and thionin dyes, Tb and Iz
phage typing, and agglutination pattern with monospecific
anti-A and anti-M sera.6 Brucella strains were typed according
to procedures described elsewhere, as well as controls.
The study was approved by the institutional review boards

and local ethics committees of GMC, Emek, and SZMC.

RESULTS

Patients’ demographic and clinical characteristics. During
the study period, 58 children and 47 adults were diagnosed
with brucellosis (total number of patients = 105). Of them, 75
(72%) were Muslim Arabs, 28 (27%) were Druze (all from
GMC), and only one patient was Jewish (1%). Forty eight
(46%) of the patients were males. The average ages of chil-
dren and adult patients were 10 years (range = 2–17 years)
and 43 years (range = 18–80 years), respectively.
In all Jerusalem patients with a history of ingestion of

unpasteurized dairy products (N = 16, 59%), the infection
was traced to homemade cheese from the Palestinian Author-
ity (PA). Overall duration of symptoms before diagnosis was
16.9 ± 17.2 days. Most patients had fever on admission (82%),
and the most common symptoms were osteoarticular (49%),
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constitutional symptoms such as fatigue and weakness (36%),
headache (19%), and gastrointestinal symptoms (15%). Local-
izing symptoms also included epididymo-orchitis (3%) and sei-
zures (1%). Three patients (3%) were asymptomatic and were
diagnosed based on screening serology tests for brucellosis in
an epidemiologic investigation of the local health authorities.
Seventy percent (63/90) of blood cultures were positive

and all were identified as Brucella melitensis. The Rose
Bengal screening test was positive in 97% of patients (99/
102). Two pregnant women were diagnosed during second
trimester, were treated with trimethoprim–sulfamethoxazole
(TMP-SMX) and rifampin, and gave birth to a healthy term
infant. Three patients had complications related to brucellosis:
one had neurobrucellosis with status epilepticus, one had endo-
carditis, and one had a splenic infarct. The treatment regi-
mens included mainly doxycycline + gentamicin, doxycycline +
rifampin, and TMP-SMX + gentamicin. Doxycycline + rifampin
or TMP-SMX was given for a total of at least 6 weeks; genta-
micin was given for 5–14 days. Only two patients (2%) had
major drug-related adverse events (thrombocytopenia induced

by TMP-SMX and rifampin). Eighty percent of patients were
hospitalized. All patients recovered and none had a relapse
so far.
The occurrence of human brucellosis had a seasonality

pattern: the majority of patients were diagnosed from May
to July (Figure 1). Of blood cultures, 50 (81%) were identi-
fied as biovar 1, 11 (18%) as biovar 2, and one as biovar 3.
In one positive blood culture, the biovar was unavailable.
Patients with biovar 1 had longer symptoms before hospital
admission (21.8 ± 10.6 versus 12.4 ± 16.8 days, [P = 0.02]).
Jerusalem versus northern Israel. Demographic, clinical,

and laboratory characteristics of patients with brucellosis in
the two geographic areas are presented in Table 1. There
were no major differences between the populations in most
of the demographic and clinical variables except for Brucella
biovars in blood cultures. Biovar 1 was isolated in all but one
of the blood cultures from patients in northern Israel, while in
Jerusalem biovars 1 and 2 were equally represented. One
patient was found to have biovar 3. Most of the patients in
GMC were of Druze origin. The length of time until diagnosis
was significantly longer in Jerusalem patients, and their blood
levels of lactate dehydrogenase were significantly higher.
Children versus adults. Demographic, clinical, and labora-

tory characteristics of children and adults with brucellosis
are presented in Table 2. Children had a higher rate of
osteoarticular symptoms. They also had higher rates of ele-
vated liver enzymes and lower C-reactive protein (CRP)
values compared with adults. The rate of positive blood cul-
tures did not differ significantly, but the time until blood cul-
tures deemed positive by the automated system was shorter
in children. Children had higher rates of hospitalization and
were hospitalized for longer durations.

DISCUSSION

Human brucellosis in Israel is caused by ingestion of
unpasteurized dairy products and is mostly limited to areas
inhabited by rural Arab population.3 In 2014, the number of

FIGURE 1. Number of patients with brucellosis by month in two
geographical areas in Israel in 2014.

TABLE 1
Demographic, clinical, and laboratory characteristics of patients with brucellosis in two geographical areas in Israel

Characteristic Northern Israel (N = 78) Jerusalem area (N = 27) Total (N = 105) P value

Gender, n (%)
Male 35 (45) 13 (48) 48 (46) 0.84
Female 43 (55) 14 (52) 57 (54)

Ethnicity, n (%)
Arab 50 (64) 26 (96) 76 (72) 0.11
Druze 28 (36) 0 (0) 28 (27) 0.002
Jewish 0 (0) 1 (4) 1 (1)

Osteoarticular manifestations, n (%) 40 (51) 12 (44) 52 (49) 0.75
Fever at presentation, n (%) 64 (82) 22 (82) 86 (82) 1
Days to diagnosis (mean ± SD) 12.7 ± 13.8 24.8 ± 23.4 16.9 ± 17.2 0.004
Patients hospitalized, n (%) 62 (79) 22 (81) 84 (79) 1
Hospitalization days (mean ± SD) 6 ± 4 5.9 ± 3.8 6 ± 3.9 0.89
ALT, U/L > twice upper limit, n (%) 4 (5) 3 (11) 7 (7) 0.29
LDH, U/L (mean ± SD) 609 ± 354 962 ± 452 763 ± 434 0.001
WBC/μL (mean ± SD) 6.35 ± 2.51 5.51 ± 1.93 6.14 ± 2.39 0.11
CRP, mg/dL (mean ± SD) 3.45 ± 4.84 4.52 ± 4.27 3.71 ± 4.70 0.37

Positive blood culture, n (%) 45/63 (71) 18/27 (67) 63/90 (70) 0.78
Biovar in blood culture, n (%)
1 42 (98) 8 (42) 50 (81) 0.03
2 1 (2) 10 (53) 11 (17)
3 0 (0) 1 (5) 1 (2)

Average time to positive blood culture (days) (mean ± SD) 3.08 ± 1.35 2.83 ± 0.82 3 ± 1.17 0.46
ALT = alanine aminotransferase; CRP = C-reactive protein; LDH = lactate dehydrogenase; SD = standard deviation; WBC = white blood cells.
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human brucellosis cases in Israel was almost doubled com-
pared with 2013 and previous years.4 In addition to the cases
occurring yearly in the Negev endemic area, two parallel
outbreaks of B. melitensis infections occurred in the area of
Jerusalem and in northern Israel.
This increase in brucellosis cases can be attributed to

several factors. All cases but one in our cohort occurred in
Arabs and Druze (one Jewish patient bought unpasteurized
cheese from Bedouins). The Israeli Ministry of Health traced
some of the cases to dairy products made of goat milk from
herds in the PA. Documents from the PA Ministry of Agri-
culture obtained by Ma’an Palestinian news agency showed
that the gradual increase in infections since 2011 is directly
linked to a shortage in Brucella vaccines provided by the
PA to farmers. Recent data from the PA’s Ministry of Agri-
culture reports on the rise of brucellosis due to shortage of
Brucella vaccines.7 The high incidence rate of brucellosis in
the Arab population could also be attributed, at least par-
tially, to lack of awareness regarding the modes of transmis-
sion and prevention methods of the disease.
We found that all cases in our study occurred between

March and October. Several factors can explain this pat-
tern. A traditional Arab dish in the summer months is made
of watermelon with homemade goat cheese. Many of our
patients reported eating it in the weeks preceding infection.
Door to door sale of unpasteurized dairy foods is a com-
mon practice in some sectors of the rural Arab population,
especially during spring and summer. These habits and
unvaccinated family-owned small herds of sheep and goats
are problematic to control by the Ministries of Health and
Agriculture, the ministries responsible for the regulation of
food products in Israel. Among small family-owned flocks
in Israel, the parturition period is mainly from December
through March and is followed in the March–July months
by the production of milk and dairy products. These months
coincide with the peak of brucellosis incidence as previously
reported in Israel3 and other places.8–10

We did not find major differences in clinical presentation
between brucellosis patients in the two areas in Israel despite
the differences in Brucella biovars. This can be explained by
the relatively small geographic size of Israel and by the uni-
formity of the diagnostic methods for Brucella. One excep-
tion was the length of symptoms, which was longer in

patients from Jerusalem. Differences of access to medical
services of various populations or a lower threshold of suspi-
cion in the northern area, where brucellosis is more preva-
lent yearly, can explain this observation. Another possibility
is a more indolent course of disease caused by biovar 2,
which was more prevalent in Jerusalem.
In comparing children with adults, we found clinical

and laboratory differences. Children had higher rates of
osteoarticular manifestations, mainly arthralgia. Sacroiliac
joint involvement was seen only in children, in contrary to
previous reports describing higher rates of sacroiliitis in
adults.11 We also noted hepatomegaly or splenomegaly to
be uncommon in children, as opposed to previous reports,
possibly stemming from more rapid diagnosis nowadays
because of higher index of suspicion in outbreak situation
and improvement in continuous surveillance incubators for
blood cultures.12,13 In contrast to the past, when blood cul-
tures had to be incubated for several weeks to grow the
organism, the much improved incubators today provided a
direct diagnosis in 70% of our patients, doing so in 2–4 days.
Regarding laboratory differences, children had higher rates
of abnormal liver enzymes and lower CRP, which can be
attributed to the relative larger size of the reticuloendothelial
system in children and the lower rate of underlying medical
conditions, respectively (2% versus 36% in adults).1,14

Of our patients, 80% were hospitalized with no differ-
ences between the two geographical areas. However, over
90% of children were admitted as opposed to 64% of
adults. Children were also hospitalized for a longer duration.
These hospitalization rates were higher than in previous
reports, including studies from Israel,1,2,14 and can be related
to the increased concerns about complications in the setting
of an epidemic and to the well-established superiority of
aminoglycoside-containing regimens (given intravenously
in hospitals to avoid repeated intramuscular injections) in
decreasing relapse. Higher rates of osteoarticular manifesta-
tions in children may also account for longer hospitalizations.
In addition, doxycycline + rifampin, an oral antibiotic regi-
men, cannot be given to children younger than 8 years,
necessitating admissions of young children.
Our study has some potential limitations. There may be

differences between the three medical centers, which might
have influenced the decisions of the treating physicians

TABLE 2
Demographic, clinical, and laboratory characteristics of children vs. adults with brucellosis in two geographical areas in Israel

Characteristic Adults (N = 47) Children (N = 58) Total (N = 105) P value

Gender, n (%)
Male 19 (40) 29 (50) 48 (46) 0.56
Female 28 (60) 29 (50) 57 (54)

Osteoarticular manifestations, n (%) 17 (36) 35 (60) 52 (49) 0.05
Hepatomegaly and/or splenomegaly, n (%) 11 (35) 9 (16) 20 (23) 0.06
Fever at presentation, n (%) 36 (77) 50 (86) 86 (82) 0.66
Days to diagnosis (mean ± SD) 20.7 ± 20.7 14.2 ± 13.5 16.9 ± 17.2 0.07
Patients hospitalized, n (%) 30 (64) 54 (93) 84 (80) 0.001
Hospitalization days (median ± SD) 5 ± 4.17 7 ± 3.4.3 6 ± 3.93 0.001
ALT, U/L > twice upper limit, n (%) (0) 0 7 (12) 7 (7) 0.02
LDH, U/L (mean ± SD) 799 ± 377 722 ± 494 763 ± 434 0.49
WBC/μL (mean ± SD) 5.76 ± 2.09 6.43 ± 2.59 6.14 ± 2.39 0.15
CRP, mg/dL (mean ± SD) 5.57 ± 6.3 2.28 ± 2.08 3.71 ± 4.70 0.001
Positive blood culture (%) 82 62 70 0.29
Average time to positive blood culture (days) (mean ± SD) 3.56 ± 0.9 2.56 ± 1.16 3 ± 1.17 0.008
ALT = alanine aminotransferase; CRP = C-reactive protein; LDH = lactate dehydrogenase; SD = standard deviation; WBC = white blood cells.
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regarding admission of patients, length of hospitaliza-
tions, blood tests ordered, and follow-up. Genetic vari-
ability between the populations treated might also influence
(e.g., most of the patients treated in GMC were Druze). The
results of this study might not reflect the entire spectrum of
Brucella infections, as there might have been patients who
were treated as outpatients or not diagnosed. Since the study
was conducted retrospectively, some data were missing for
some of the study patients, thus limited the power of the
analysis for those variables. Nevertheless, we described here
current and unique data of two outbreaks of brucellosis occur-
ring in a developed country in variable geographic areas and
age groups.

CONCLUSIONS

Brucellosis remains a public health problem in Israel. Two
unrelated brucellosis outbreaks occurred in 2014 in two dif-
ferent geographic areas of Israel and were limited to sections
of the Arab and Druze populations.
Most of the demographic and clinical aspects of patients

were not affected by geographic variability and by Brucella
biovar differences. However, clinical and laboratory differ-
ences were found between children and adults, mainly in the
rates of osteoarticular symptoms and hepatosplenomagely,
blood levels of liver enzymes and CRP, time to positive
blood cultures, and rate and length of hospitalization. These
differences should be brought in mind especially when diag-
nosis of brucellosis is contemplated in adults and children.
More and most important conclusion is that health educa-

tion programs in Israel should be improved, and a more tight
cooperation with the PA including herd vaccination should
be implemented, to better control and prevent brucellosis in
Israel and the PA.
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