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Introduction
Brucellosis is highly endemic among domesticated animals in 

Middle East countries and cause significant human morbidity in the 
region [1]. In Israel, implementation of an infection control policy 
based on active surveillance, vaccination of female calves with 
Brucella abortus strain S19 and slaughter of infected animals, coupled 
with and economic compensation to farmers, resulted in eradication 
of B. abortus in beef cattle in 1984 and in dairy cattle in 1985[2]. 
However, brucellosis caused by B. melitensis remained endemic in 
herds of sheep and goats and continued to cause infections among 
the seminomadic Bedouin population of the Negev desert region of 
southern Israel [3]. Starting on 1993, a veterinary campaign aimed 
to eradicating the disease among small ruminants and consisting of 
a “test and slaughter” policy supplemented with administration of 
the B. melitensis Rev.1 strain vaccine to all ewe-lambs and female 
kid-goats was implemented countrywide [2]. Throughout the 
campaign, more than 40,000 animals were slaughtered and 72% 
of the flocks were declared free of disease [2]. It was hoped that 
the incidence of human brucellosis would decrease in parallel with 
the reduction of disease prevalence in animals, but this expectation 
was not met and the incidence rate among the Bedouin inhabitants 
of the Negev region remained high [4]. In 1997, it was decided 
to terminate the brucellosis control campaign altogether due to 
the apparent lack of success and insufficient financial resources 
available for a continued slaughter against compensation policy 
[2]. Unexpectedly, the incidence of human disease dropped in the 
years following the discontinuation of the campaign, and in 2004 the 
reported annual incidence of human brucellosis in Israel was 0.9 per 
100,000 populations only [5]. 

Because no accurate data on the incidence of human brucellosis 
in the Negev region after the cessation of the veterinarian control 
campaign are available, a retrospective study was conducted to 
investigate the epidemiology of human Brucella infections in southern 
Israel in recent years. 

Materials and Methods
Cases of human brucellosis detected in southern Israel between 2002 

and 2013 by either a positive culture and/or a standard agglutination 
test titer ≥ 1:160 were identified, and demographic data were extracted. 
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Abstract
The southern region of Israel is populated by a mostly urban Jewish majority (population: 385,200 inhabitants) 

and a large seminomadic Bedouin minority (population: 188,900) who maintains herds of sheep and goats. 

A retrospective study was conducted to assess the impact of the 1997 decision to discontinue a veterinarian 
control campaign on the epidemiology of human brucellosis in the region. 
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Population data for the relevant period were obtained from the Israel 
Central Bureau of Statistics annual reports.

Background

 The Negev desert region of southern Israel comprises 60% of the 
country’s landmass and is populated by two ethnic groups living side-
by-side: a Jewish majority (population 385,200, 2010 data), mostly 
urban and resembling other Western world populations, and a large 
Arab Bedouin minority (population 188,900, 2009 data) in transition 
from seminomadic conditions to permanent residency, that still 
maintains herds of sheep, goats, and camels. 

The entire population of the Negev is covered by a comprehensive 
national health insurance system and served by a vast net of community 
health clinics. Inpatient services are provided by a single hospital 
(Soroka University Medical Center, SUMC), located in the city of Beer-
Sheva. Blood cultures and serologic tests for diagnosis of brucellosis are 
also performed at the clinical microbiology laboratory of the SUMC 
(CML-SUMC), as well as in a few smaller laboratories. It is estimated 
that the CML-SUMC provides diagnostic testing for brucellosis to 90% 
of the Bedouin population and to 60% of the Jewish population [6]. 

Culture identification of brucellae

 Blood cultures were obtained at the emergency Department and 
inpatients’ wards of the SUMC using the Bactec 9240 system (Becton 
Dickinson, Cockeysville, MD). Inoculated blood culture vials were 
incubated following the manufacturer’s recommendations and negative 
vials were discarded after 7 days without further processing because it 
was demonstrated that prolonged incubation (up to 4 weeks) and blind 
subculture of negative vials only resulted in a marginal improvement in 
the detection rate of brucellae [7]. 
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Isolated organisms were identified according to accepted 
microbiological procedures. Brucellae were presumptively identified 
on the basis of a typical Gram’s stain appearance (small gram-negative 
coccobacilli), γ-hemolysis, positive oxidase, catalase, and urease 
reactions, negative fermentation of sugars, and lack of motility, and 
confirmed by a positive agglutination reaction with specific antiserum 
(Welcome Diagnostics, UK). Speciation was performed at the Kimron 
Veterinary Institute at Bet Dagan, Israel, with phages Tb and Iz [8]. 

Serologic diagnosis of brucellosis

Sera were screened for Brucella antibodies by the Rose-Bengal test 
[9]. Positive specimens were serially diluted up to 1:1,280 to eliminate 
the prozone effect, and tested by the standard agglutination test (SAT) 
[10,11]. A SAT titer ≥ 1:160 was considered diagnostic of the disease. 
Although a cutoff of ≥ 1:320 has been recommended for the serologic 
diagnosis of the disease in endemic areas [11], we have recently shown 
that use of this stringent criterion would have missed 17.4% of Negev 
patients with B. melitensis bacteremia [12].

Statistical analysis

The computerized records of the CML-SUMC were reviewed and 
all patients in whom the diagnosis of brucellosis was made on the bases 
of a positive isolation and/or a positive serological test in the 11-year 
period 2002-2012 were identified. Because the clinical course of the 
disease may be characterized by clinical relapses, to avoid that the same 
episode of contagion would be repeatedly represented in the dataset, a 
patient was computed again only if he or she met the case definition on 
occasions separated by>365 days.

To calculate incidence rates, data on the population sizes of the two 
ethnic communities (Jews and Bedouins) for the study period were 
extracted from the relevant annual reports of the Israel Central Bureau 
of Statistics. The 95% confidence intervals of the observed/expected 
ratio for each year of the study period were calculated, assuming a 
Poisson distribution [13]. The incidence rates for 1997 (the last year 
of the control campaign), for which precise data were available and 
previously calculated using the same case definition and case search 
method [4], were used as reference (23.3 per 100,000 Negev population 
and 87.9 per 100,000 Bedouin inhabitants). When the 95% confidence 
intervals for a given rate did not include the unity, the observed 
incidence rate for that particular year was considered to significantly 
differ from the expected value.

The study was approved by the Ethical Research Committee of the 
Soroka University Medical Center (authorization number 10605).

Results
During the 11-year study period, a total of 1,449 brucellosis cases 

were identified at the CML-SUMC among the Negev population. The 
annual number of cases was low at the beginning of the period and 
substantially increased in later years (2002: n=80; 2003: n= 55; 2004: 
n=52; 2005: n= 93; 2006: n=97; 2007: n=164; 2008: n=173; 2009: n=136; 
2010:n=131; 2011: n=180; 2012: n=288). The disease was almost limited 
to the Bedouin community among which 1,411 (97.4%) of all cases were 
detected; 36 patients (2.5%) were Jews, and the remaining 2 patients 
were immigrants from eastern African countries.

The incidence rate for the 2002-2006 period was significantly lower 
than that observed in 1997, comparable during the following 5 years, 
and significantly surpassed the reference level at the end of the study 
period (Figure 1 and Table 1). The annual incidence between 2002 and 
2012 in the Bedouin community was 77.9 per 100,000 populations 

whereas among Jews it remained low at a 0.2 per 100,000 to 1.8 per 
100,000 range during the entire period (data not shown).

Results 
A total of 1,449 patients were diagnosed in the 11-year period 

of which 1,411 (97.4%) were Bedouins. Between 2002 and 2006 the 
incidence rate of brucellosis in the region ranged between 9.6 per 
100,000 and 17.3 per 100, 000 and was significantly lower than that 
detected in 1997 (23.3 per 100,000), but increased steadily thereafter, 
reaching 50.2 per 100,000 inhabitants in 2012. The average incidence 
rate in the Bedouin community was 77.9 per 100,000 for the entire 
11-year period, reaching a peak of 151.9 per 100,000 in 2012, whereas 
among the Jewish population it remained in the 0.2 per 100,000 to 1.8 
per 100,000 range. 

Discussion
Brucellosis appears to have been endemic to Middle East countries 

since ancient times affecting domesticated animals and humans as 
well [1]. In modern times, rigorous control measures instituted by 
the Israel Ministry of Agriculture have eliminated brucellosis caused 
by B. abortus among bovines, making the industrialized milk product 
supply safe [2]. Brucella melitensis, however, continued to be endemic 
among sheep and goats, especially in nomadic Bedouin herds, and the 
veterinarian control of the disease in this setting encountered serious 
logistic difficulties such as geographical dispersion of small herds, 

Figure 1: Incidence rates of brucellosis in the population of the Negev 
region for the period of 2002-2012. Dashed line: Whole population; solid line: 
Bedouins only.

Whole Negev population Bedouins only

Year Observed/
Expected* ratio 95% CI Observed/

Expected* ratio 95% CI

2002 0.67 0.53-0.83 0.70 0.56-0.87
2003 0.45 0.34-0.58 0.46 0.34-0.60
2004 0.41 0.31-0.55 0.41 0.31-0.55
2005 0.73 0.59-0.89 0.72 0.58-0.88
2006 0.74 0.60-0.90 0.69 0.56-0.85
2007 1.23 1.05-1.44 1.14 0.97-1.33
2008 1.28 1.10-1.48 1.14 0.97-1.33
2009 0.96 0.81-1.13 0.81 0.68-0.96
2010 0.98 0.82-1.16 0.75 0.62-0.90
2011 1.31 1.13-1.52 1.05 0.90-1.22
2012 2.15 1.91-2.41 1.73 1.54-1.94

*Expected: Incidence rates for 1997 (comparators): Whole Negev population: 23.3 
per 100,000; Bedouins only: 87.9 per 100,000
Table 1: Fluctuations in the incidence of human brucellosis in the Negev region 
between 2002 and 2012 compared to the 1997 data. CI: confidence intervals. 
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lack of shepherds’ incentive to participate in the program, budgetary 
constraints, and illegal trade in infected animals [2]. Although 
cessation of the eradication campaign in 1997 could have been justified 
by the steady decline in the endemic level of brucellosis observed 
countrywide, the present data clearly show that the disease was far from 
being brought to control in southern Israel. The results of the study 
demonstrate that, after a decline in the incidence of brucellosis in the 
early 2000’s, starting on 2007 rates increased again, and significantly 
exceeded the 1997 endemic level in 2012.

The relationship between the timing of the cessation of the 
veterinarian control campaign and the epidemiological changes in 
the incidence of human disease in the Negev region is, therefore, not 
obvious. It is speculated that control measures did, in fact, decreased the 
prevalence of the zoonosis among domesticated animals because most 
infected sheep and goats were slaughtered and replaced by immunized 
animals, reducing the source of human contagion. Although the 
campaign was discontinued in 1997, its effect was still felt at the 
beginning of the following decade resulting in low attack rate of human 
infections. It is speculated that because the disease was not completely 
eradicated, brucellosis slowly built-up among animal herds, taking a 
few years before it spilled-over to the human population of the region.

Close examination of the data demonstrate that the disease remained 
almost limited to Negev Bedouins who, although are undergoing a rapid 
process of modernization and settlement in permanent towns, still keep 
goat and sheep herds and consume unpasteurized dairy products. The 
average incidence of brucellosis in the Bedouin community for the 
11-year period (77.9 per 100,000 population) is appalling and ranks 
second only to that reported among the population of neighboring 
Syria [5]. These results indicate that countrywide data may overlook 
the incidence of a locally-endemic infection by diluting cases of disease 
amidst a large global denominator, and imply that the true magnitude 
of the problem should be assessed using specific data for the relevant 
population at risk. 

The incidence rate of human brucellosis found in the present study 
can be considered only a minimal estimate. The study design did not 
include a small proportion of patients who could have been diagnosed 
in a few small clinical microbiology laboratories other than the CML-
SUNC. In addition, the protean clinical manifestations of human 
brucellosis may mimic other infectious and non-infectious conditions 
and, therefore, the true nature of the symptoms and signs may be easily 
missed. In a previous study conducted in southern Israel, isolation of 
B. melitensis was frequently an unexpected finding in febrile Bedouin 
patients in whom the disease was not suspected [14]. In a study by 
Abramson et al. [15] conducted in the region, active search for the 
disease among relatives of 4 index patients with brucellosis resulted in 
the detection of additional 12 undiagnosed cases. A similar experience 
was reported in Saudi Arabia, where screening of 404 family members 
of 55 diagnosed cases revealed additional 53 (13.1%) serologically 
positive individuals, of which 9 were also bacteremic [16]. 

Conclusions
Human brucellosis caused by B. melitensis has reemerged as a 

serious public health threat to the Bedouin population of southern Israel 
in recent years. The Israel Ministry of Agriculture should reconsider 
its premature decision to terminate veterinarian measures aimed to 

control brucellosis in domesticated animals, and implement a public 
education campaign to reduce human exposure to this preventable 
zoonotic disease.

References

1. Pappas G, Memish ZA (2007) Brucellosis in the middle East: a persistent 
medical, socioeconomic and political issue. J Chemother 19: 243-248.

2. Banai M (2010) Insights into the problem of B. Melitensis and rationalizing a 
vaccination programme in Israel. Prilozi 31: 167-180.

3. Slater PE, Costin C, Seidenbaum M, Ever-Hadani S (1990) Epidemiology of 
human brucellosis in Israel. Public Health Rev 18: 159-169.

4. Yagupsky P, Peled N, Riesenberg K, Banai M (2000) Exposure of hospital 
personnel to Brucella melitensis and occurrence of laboratory-acquired disease 
in an endemic area. Scand J Infect Dis 32: 31-35.

5. Pappas G, Papadimitriou P, Akritidis N, Christou L, Tsianos EV (2006) The new 
global map of human brucellosis. Lancet Infect Dis 6: 91-99.

6. Barkai G, Greenberg D, Givon-Lavi N, Dreifuss E, Vardy D, et al. (2005) 
Community prescribing and resistant Streptococcus pneumoniae. Emerg Infect 
Dis 11: 829-837.

7. Yagupsky P, Peled N, Press J, Abu-Rashid M, Abramson O (1997) Rapid 
detection of Brucella melitensis from blood cultures by a commercial system. 
Eur J Clin Microbiol Infect Dis 16: 605-607.

8. Banai M, Mayer I, Cohen A (1990) Isolation, identification, and characterization 
in Israel of Brucella melitensis biovar 1 atypical strains susceptible to dyes and 
penicillin, indicating the evolution of a new variant. J Clin Microbiol 28: 1057-
1059.

9. Ruiz-Mesa JD, Sánchez-Gonzalez J, Reguera JM, Martín L, Lopez-Palmero S, 
et al. (2005) Rose Bengal test: diagnostic yield and use for the rapid diagnosis 
of human brucellosis in emergency departments in endemic areas. Clin 
Microbiol Infect 11: 221-225.

10. Araj GF (2010) Update on laboratory diagnosis of human brucellosis. Int J 
Antimicrob Agents 36: S12-S17.

11. Pappas G, Akritidis N, Bosilkovski M, Tsianos E (2005) Brucellosis. N Engl J 
Med 352: 2325-2336.

12. Shemesh AA, Yagupsky P (2011) Limitations of the standard agglutination 
test for detecting patients with Brucella melitensis bacteremia. Vector Borne 
Zoonotic Dis 11: 1599-1601.

13. Bailar JC III, Ederer F. (1964) Significance factors for the ratio of a Poisson 
variable to its expectation. Biometrics, 20: 639-643. 

14. Yagupsky P. (1994) Detection of Brucella melitensis by BACTEC NR660 blood 
culture system. J Clin Microbiol, 32: 1899-1901. 

15. Abramson O, Rosenvasser Z, Block C, Dagan R (1991) Detection and treatment 
of brucellosis by screening a population at risk. Pediatr Infect Dis J 10: 434-438.

16. Almuneef MA, Memish ZA, Balkhy HH, Alotaibi B, Algoda S, et al. (2004) 
Importance of screening household members of acute brucellosis cases in 
endemic areas. Epidemiol Infect 132: 533-540.

Submit your next manuscript and get advantages of OMICS 
Group submissions
Unique features:

•	 User	friendly/feasible	website-translation	of	your	paper	to	50	world’s	leading	languages
•	 Audio	Version	of	published	paper
•	 Digital	articles	to	share	and	explore

Special features:

•	 250	Open	Access	Journals
•	 20,000	editorial	team
•	 21	days	rapid	review	process
•	 Quality	and	quick	editorial,	review	and	publication	processing
•	 Indexing	at	PubMed	(partial),	Scopus,	EBSCO,	Index	Copernicus	and	Google	Scholar	etc
•	 Sharing	Option:	Social	Networking	Enabled
•	 Authors,	Reviewers	and	Editors	rewarded	with	online	Scientific	Credits
•	 Better	discount	for	your	subsequent	articles

Submit	your	manuscript	at:	http://www.omicsonline.org/submission

Citation: Shemesh AA, Yagupsky P (2013) Increasing Incidence of Human 
Brucellosis in Southern Israel after the Cessation of a Veterinarian Control 
Campaign. Air Water Borne Diseases 2: 112. doi: 10.4172/2167-7719.1000112

http://dx.doi.org/10.4172/2167-7719.1000112
http://www.ncbi.nlm.nih.gov/pubmed/17594917
http://www.ncbi.nlm.nih.gov/pubmed/17594917
http://www.ncbi.nlm.nih.gov/pubmed/20703190
http://www.ncbi.nlm.nih.gov/pubmed/20703190
http://www.ncbi.nlm.nih.gov/pubmed/2134722
http://www.ncbi.nlm.nih.gov/pubmed/2134722
http://www.ncbi.nlm.nih.gov/pubmed/10716074
http://www.ncbi.nlm.nih.gov/pubmed/10716074
http://www.ncbi.nlm.nih.gov/pubmed/10716074
http://www.ncbi.nlm.nih.gov/pubmed/16439329
http://www.ncbi.nlm.nih.gov/pubmed/16439329
http://www.ncbi.nlm.nih.gov/pubmed/15963276
http://www.ncbi.nlm.nih.gov/pubmed/15963276
http://www.ncbi.nlm.nih.gov/pubmed/15963276
http://www.ncbi.nlm.nih.gov/pubmed/9323475
http://www.ncbi.nlm.nih.gov/pubmed/9323475
http://www.ncbi.nlm.nih.gov/pubmed/9323475
http://www.ncbi.nlm.nih.gov/pubmed/2191005
http://www.ncbi.nlm.nih.gov/pubmed/2191005
http://www.ncbi.nlm.nih.gov/pubmed/2191005
http://www.ncbi.nlm.nih.gov/pubmed/2191005
http://www.ncbi.nlm.nih.gov/pubmed/15715720
http://www.ncbi.nlm.nih.gov/pubmed/15715720
http://www.ncbi.nlm.nih.gov/pubmed/15715720
http://www.ncbi.nlm.nih.gov/pubmed/15715720
http://www.ncbi.nlm.nih.gov/pubmed/20692128
http://www.ncbi.nlm.nih.gov/pubmed/20692128
http://www.ncbi.nlm.nih.gov/pubmed/15930423
http://www.ncbi.nlm.nih.gov/pubmed/15930423
http://www.ncbi.nlm.nih.gov/pubmed/21919731
http://www.ncbi.nlm.nih.gov/pubmed/21919731
http://www.ncbi.nlm.nih.gov/pubmed/21919731
http://www.readcube.com/articles/10.2307/2528501?locale=en
http://www.readcube.com/articles/10.2307/2528501?locale=en
http://www.ncbi.nlm.nih.gov/pubmed/7989539
http://www.ncbi.nlm.nih.gov/pubmed/7989539
http://www.ncbi.nlm.nih.gov/pubmed/1852539
http://www.ncbi.nlm.nih.gov/pubmed/1852539
http://www.ncbi.nlm.nih.gov/pubmed/15188722
http://www.ncbi.nlm.nih.gov/pubmed/15188722
http://www.ncbi.nlm.nih.gov/pubmed/15188722
http://dx.doi.org/10.4172/2167-7719.1000112

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Background
	Culture identification of brucellae 
	Serologic diagnosis of brucellosis 
	Statistical analysis 

	Results
	Discussion
	Conclusions
	Figure 1
	Table 1
	References

