
Preventive Veterinary Medicine 118 (2015) 387–396

Contents lists available at ScienceDirect

Preventive  Veterinary  Medicine

j ourna l h om epa ge: www.elsev ier .com/ locate /prevetmed

Cross-sectional  study  of  brucellosis  in  Jordan:  Prevalence,  risk
factors  and  spatial  distribution  in  small  ruminants  and  cattle

I.I.  Musallama,∗,  M.  Abo-Shehadab,  M.  Omarc,  J.  Guitiana

a Veterinary Epidemiology, Economics and Public Health Group, Department of Production and Population Health, The Royal Veterinary
College, University of London, North Mymms, Hertfordshire AL9 7TA, United Kingdom
b Faculty of Epidemiology and Population Health, London School of Hygiene and Tropical Medicine, Keppel Street, Bloomsbury,
London WC1E 7HT, United Kingdom
c Ministry of Agriculture, Zarqa Agriculture Department, Zarqa, Jordan

a  r  t  i c  l  e  i  n  f  o

Article history:
Received 13 August 2014
Received in revised form
20 December 2014
Accepted 29 December 2014

Keywords:
Brucellosis
Jordan
Prevalence
Ruminants
Risk factors
Cross-sectional
Brucella

a  b  s  t  r  a  c  t

Brucellosis  is  considered  endemic  in  many  Middle  Eastern  countries  including  Jordan.  To
determine  the frequency,  risk  factors  and  spatial  distribution  of  ruminant  brucellosis  in
Jordan, a  nationwide  cross-sectional  study  was  conducted.  Small  ruminant  flocks  (n  =  333)
and cattle  herds  (n = 204)  were  randomly  selected,  and their  disease  status  was ascertained
by  testing  individual  serum  samples  using  the  Rose  Bengal  Test and  a competitive  ELISA
(sheep  and  goats)  and  milk  samples  using  an  indirect  ELISA  (cattle).  Information  on puta-
tive risk factors  was  collected  using  standardized  questionnaires.  A  logistic  model  with  a
binomial  outcome  was  built  to  identify  risk  factors  for being  seropositive.  The  estimated
true  seroprevalence  values  were  18.1%  (95%  CI:  11–25.3)  (cattle-only  herds),  22.2%  (95%  CI:
16.5–28.8)  (sheep  flocks),  45.4%  (95%  CI: 30.3–61.6)  (goat  herds),  70.4%  (95%  CI: 55.5–84.9)
(mixed  sheep-goat  flocks),  34.3%  (95%  CI: 28.4,  40.4)  (all  small  ruminant  flocks)  and  38.5%
(95% CI:  24.3–51.8)  (mixed  herds  of  cattle  and small  ruminants).  Only  1.5%  of small  ruminant
flocks  were  vaccinated.  The  seroprevalence  was  higher  in northern  areas,  where  livestock
density is also  higher.  The  logistic  model  fitted  the data  well  and  had  a  very  high  predic-
tive  ability.  In  the small  ruminant  model,  five  variables  were  significantly  associated  with  a
higher odds  of  seropositivity:  lending/borrowing  rams  (OR  = 8.9,  95%  CI: 3.0–26.1),  feeding
aborted  material  to dogs  (OR  =  8.0,  95% CI:  3.5–18.1)  the  presence  of goats  (OR  =  6.9,  95%  CI:
3.1–15.4),  introducing  new  animals  to the  flock  (OR  =  5.8, 95%  CI:  2.5–13.6),  and  a large  flock
size  (OR =  2.2,  95%  CI:  1.0–4.6).  Conversely,  separating  newly  introduced  animals  (OR  = 0.16,
95% CI:  0.05–0.47),  separating  animals  that  had  aborted  (OR = 0.19,  95%  CI:  0.08–0.46)  and
using  disinfectants  to  clean pens  (OR  =  0.37,  95%  CI: 0.16–0.83)  were  significantly  associated
with  a  lower  odds  of  being  seropositive.  The  main  risk  factor  for cattle  herds  being seropos-
itive  was  the  introduction  of  new  animals  (OR  =  11.7,  95% CI: 2.8–49.4);  while  separation  of
newly  introduced  animals  (OR  =  0.09,  95%  CI:  0.03–0.29),  herd  disinfection  (OR  =  0.04,  95%
CI:  0.01–0.15)  and  having  calving  pens  (OR =  0.14,  95%  CI:  0.05–0.43)  significantly  reduced
the  odds  of  infection.  Brucellosis  is endemic  at high  levels  across  Jordan,  and  the  current  vac-
cination  programme,  which  is  limited  to  small  ruminants,  has  very  low  coverage.  A revised
brucellosis  control  programme  is required  in  Jordan.  Given  the  high  baseline  prevalence,
it should  be  based  on  vaccination  accompanied  by measures  to  promote  hygiene  and  hus-
bandry practices  that  minimize  the risk  of  introduction  and  maintenance  of Brucella  spp.,
and thereby  the  risk  of human  infection.
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1. Introduction

Brucellosis is a highly contagious zoonotic disease
affecting humans and a wide range of animals, includ-
ing all domestic ruminants (Radostits et al., 2000). There
are ten known Brucella species and five of them have
been isolated from human cases (Sohn et al., 2003). The
World Health Organisation (WHO) estimates that more
than 500,000 new human cases of brucellosis occur world-
wide annually (Corbel, 1997); however the number is
probably underestimated as a result of underreporting and
misdiagnosis (Jennings et al., 2007). The vast majority of
human cases are acquired through consumption of con-
taminated dairy products or contact with infected animals,
in particular ruminants, thus the control of ruminant bru-
cellosis is key to the prevention of human infection (Corbel,
2006). In addition to its impact on human health, rumi-
nant brucellosis is responsible for considerable economic
losses due to abortion in pregnant animals, loss in milk
production and infertility in adult males (OIE, 2009a,b).
Brucella abortus, which is the species sustained in cattle
populations, has been eradicated from many developed
countries through a combination of vaccination and test-
and-slaughter of positive animals (CFSPH, 2009). However,
the control of Brucella melitensis,  which mainly infects small
ruminants, is proving challenging in most endemic areas
(Blasco, 2010). Possible reasons why progress in control
of B. melitensis is slow with the infection persisting at
high levels in regions such as the Middle East and Cen-
tral Asia include (i) a higher infectivity and transmissibility
of this species compared to B. abortus (Cloeckaert et al.,
2002), (ii) the pastoralist and transhumant small ruminant
production systems favouring transmission and (iii) con-
trol programmes that are often intermittent or inadequate
when they do exist (Blasco, 2010). Successful control of B.
melitensis has been achieved in some endemic areas such
as in Tajikistan, where the implementation of a vaccination
programme over five years in eight of the Tajik districts pre-
ceded a relative drop in seroprevalence of 80% (Ward et al.,
2011).

The decision on how to better allocate resources to bru-
cellosis control within a certain country or region should
be based on, among other considerations, the existing fre-
quency of infection. However, reliable frequency estimates
of ruminant brucellosis are notably lacking in endemic
areas such as most Middle Eastern countries including Jor-
dan.

In Jordan, some conclusions may  be drawn from pre-
vious surveys – which have mostly been geographically
circumscribed and non-probabilistic – as follows. Firstly,
brucellosis is likely to be endemic both in small and large
ruminants; and secondly, B. melitensis biovar 3 is present
in Jordan and has caused infections in sheep (Al-Talafhah
et al., 2003), goats (Al-Majali, 2005), camels (Hawari, 2008)
and humans (Shehabi et al., 1990). Furthermore, the num-
ber of human cases of brucellosis is thought to be increasing
(Abo-Shehada and Abu-Halaweh, 2013), and some evi-
dence suggests a heterogeneous distribution of infection
with a higher prevalence in the northern parts of the coun-
try, which have a higher density of livestock (Al-Talafhah
et al., 2003; Samadi et al., 2010).

International organizations such as the Food and Agri-
culture Organisation (FAO) and the World Organisation for
Animal Health (OIE) have produced guidelines for the con-
trol of brucellosis in endemic areas (FAO, 2009) depending
on the level of seroprevalence. At high levels of prevalence,
vaccination is preferred; while at low prevalence levels,
test-and-slaughter may  allow eradication of the disease
without vaccination. Consideration of the baseline level
of infection is therefore essential for the formulation of
appropriate control strategies (Hegazy et al., 2009). More-
over, the identification of risk factors for infection and
spatial heterogeneities in the disease distribution could
allow control efforts to be targeted at selected subpop-
ulations of herds/flocks or parallel control measures to
be tailored to vaccination and/or test-and-slaughter pro-
grammes. The overall aim of this study is to generate
baseline information on the frequency and distribution of
ruminant brucellosis in Jordan to inform the national con-
trol programme. Our specific objectives are (i) to estimate
the true seroprevalence of Brucella spp. infection in small
ruminants and cattle, (ii) to identify risk factors associated
with Brucella spp. seropositivity at herd/flock level and (iii)
to describe the spatial distribution of ruminant brucellosis
in Jordan.

2. Materials and methods

2.1. Study design and study population

A nationwide cross-sectional study was  conducted in
Jordan from May  to October 2013. The study unit was the
herd or flock, defined as animals (cows, sheep or goats)
owned by the same person/household and usually kept in
the same location. The target population included all small
ruminant flocks and cattle herds in the country. Ethical
approval for this study was granted by the Ethics and Wel-
fare Committee of the Royal Veterinary College. Informed
consent for questionnaire administration and collection
of biological samples was sought verbally from individual
farmers.

The climate in Jordan is semi-arid in summer with aver-
age temperatures around 35 ◦C, and around 13 ◦C in winter,
when practically all of the precipitation occurs. The main
livestock species in Jordan are sheep, goats, cattle and
camels, with sheep and goats accounting for more than
97% of the total ruminant population and cattle compris-
ing 2% (MOA, 2012). Sheep and goats are mainly kept in
flocks that are very variable in size or as part of small
household flocks, sometimes with other species. Awassi
sheep and Baladi goats are the predominant breeds. The
lambing season starts in November and lasts until May
the following year. During the dry period some sheep
flocks move from the East to communal grazing areas in
the West of the country. The most predominant cattle
breed in Jordan is the Holstein Friesian, which is kept for
milk production and is mainly reared using intensive or
semi-intensive systems, with a smaller number kept in
small herds or as household animals. The density of both
small ruminants and cattle is higher in the northern gov-
ernorates.
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