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A B S T R A C T

Despite its endemic status in the Middle East, key knowledge gaps persist regarding the prevalence, transmission 
rate, and geographical distribution of both human and livestock brucellosis in Jordan. This study aimed to 
investigate the seroprevalence of human and livestock brucellosis as well as the incidence of brucellosis in 
humans in Jordan. A total of 500 human participants (202 exposed and 296 unexposed to livestock) were 
enrolled in the study. Sampling was conducted at baseline and 1.5 years later. Additionally, a total of 700 
livestock were sampled, comprising 20 animals per taxa (camels, cattle, sheep, goats) per site, at both baseline 
(N = 350) and the 1.5-year follow-up (N = 350). Human participants were longitudinally followed, whereas 
livestock sampling was conducted opportunistically. Blood samples obtained from both humans and livestock at 
baseline and follow-up were tested for Brucella spp. serum antibodies using the Rose Bengal test (RBT) and 
complement fixation test (CFT). The overall seroprevalence of brucellosis in humans at baseline was 3.4 % (95 % 
CI: 2.0–5.4). Positive test results in humans were detected from all five sites with no significant regional variation 
observed. Seroprevalence was higher in individuals regularly exposed to livestock (6.1 %; 95 % CI: 3.5–9.9) 
compared to those not regularly exposed (0.80 %; 95 % CI: 0.10–2.9). Incidence of human brucellosis was 924 
seropositives per 100,000 person-years, with all incident seropositives occurring in the livestock-exposed cohort. 
In livestock, the overall seroprevalence of brucellosis was 5.4 % (95 % CI: 3.5–8.3) at baseline compared to 2.6 % 
(95 % CI: 1.4–4.8) at follow-up. Seropositive livestock were detected at all sites apart from Al-Zarqa, and in all 
species apart from camels. In conclusion: Brucellosis burden was higher among humans regularly exposed to 
livestock, re-emphasizing the need for disease control in livestock populations to prevent primary infection in 
humans.

1. Introduction

Brucellosis is a zoonotic disease which poses significant concerns for 
human well-being and economic progress in poor and developing na
tions [1,2]. The disease is caused by members of the Brucella spp. 
including B. melitensis, B. abortus, B. suis, and B. canis [3–5]. The main 
routes of transmission from animals to humans involve consuming raw 

dairy products, contact with animal tissues or fluids, inhaling contami
nated droplets, or exposure through the eyes or damaged skin [6,7]. 
People at risk of contracting brucellosis include farmers, veterinarians, 
and workers in slaughterhouses [8,9]. Symptoms of human brucellosis 
typically include fever, profuse sweating, joint discomfort, and overall 
fatigue [10]. These symptoms closely resemble those of febrile illnesses, 
which contributes to misdiagnosis and lowers the number of reported 
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cases of brucellosis in humans [11].
In ruminants, Brucella spp. are shed in postpartum vaginal discharge 

and milk, as well as sporadically in urine and semen, posing a risk of 
exposure through contact with these bodily fluids [6–8]. The shedding 
of Brucella spp. in milk and vaginal discharge can persist for weeks to 
months after parturition, even in asymptomatic carriers, contributing to 
the maintenance and spread of brucellosis within a population [12–14]. 
In endemic areas, persistence of brucellosis has been attributed to 
several factors including low vaccination rates, low case reporting, 
negative herds turning positive due to inadequate ongoing control 
measures, reluctance of farmers to remove positive livestock due to the 
lack of compensation from regulatory agencies, discontinuation of 
eradication projects due to funding constraints or other reasons, and 
recurrence of infection due to a lack of sustained monitoring efforts 
[15,16].

To date, research on various zoonotic diseases in Jordan, including 
brucellosis, has mainly focused on specific geographical areas and has 
relied predominantly on survey or hospital-based methodologies 
[17–23], leaving a critical gap in our understanding of the distribution 
of zoonotic diseases across diverse human-animal interface settings. In 
response, a four-year (2020–2024) multidisciplinary One Health study 
on avian influenza, Middle East respiratory syndrome (MERS-CoV), 
brucellosis, and leptospirosis is being conducted across five geographi
cally representative regions across Jordan. The study seeks to enhance 
our knowledge of the frequency, spread patterns, and related risk ele
ments of these diseases at the human-animal interface. In this paper, we 
present a subset of the parent study's data: the seroprevalence of 
brucellosis in livestock and humans as well as the incidence in humans 
from the first half of longitudinal data collection.

2. Materials and methods

2.1. Study location and site selection

Study sites were selected in five geographically representative re
gions across Jordan: Northern Jordan (Al Ramtha), Middle Jordan (Al 
Zarqa), and Southern Jordan (Al Karak, Ma'an, and Aqaba) (Fig. 1). The 
selection of these regions was guided by previous surveillance activities 
of the study team (unpublished data) and the presence of livestock 
production activities in these areas, which were suspected to be 

potential sites for zoonotic pathogen transmission. In each of the five 
study regions, sampling sites were selected to ensure representation of 
interfaces with camels, poultry or cattle/sheep/goats. Sites with a 
combination of multiple interface types were also included. Sites were 
randomly selected using a team-developed randomized sampling 
generator, in an R Studio “Shiny App”, where each region had one 
randomly selected point. The three closest interface sites were chosen 
within 10 km of the randomly selected point within the region. If the 
field team was unable to find all three interface sites within the 10 km 
grid, then the grid was expanded every 10 km until all three interface 
sites are found. Selected sites were visited in a random order during each 
region's first enrollment visit until all interface types were covered, and 
the site enrollment goal was achieved.

2.2. Study population

Eligibility criteria for human participants included adults (18 years 
or older) who were able to provide written informed consent and chil
dren (12 years or older) who were able to provide verbal assent, along 
with a parent or guardian able to offer written informed consent. Par
ticipants could withdraw their consent or assent at any point during the 
study. Enrolled participants completed a pre-screening checklist to 
determine their exposure category (exposed vs non-exposed). Exposure 
was defined as regularly (once a month or more) working with or 
sharing living areas with any livestock animals and/or poultry.

The livestock study population included cattle, sheep, goats, and 
camels raised in the selected study regions. All livestock sampled 
belonged to human participants of the study. Selected animals were 
subjected to a brief physical examination to determine their basic 
characteristics (i.e., age, gender, recent pregnancy) and overall health (i. 
e., body condition, presence of nasal discharge and/or diarrhea).

2.3. Human sample calculation

The One Health parent study determined a minimum sample size of 
200 unexposed and 200 exposed human participants, where poultry and 
livestock were included in categorizing an individual as exposed. These 
figures were determined by a simulation that incorporated random ef
fects for interface and site, powered to detect a minimum odds ratio of 5 
[24]. This power analysis was based off of the assumption that 1 % of the 
unexposed population would test positive for one of four assayed zoo
notic diseases at least once throughout the study. To account for a po
tential 20 % loss to follow-up, a correction factor of 1.25 (reflecting 80 % 
retention) was applied, resulting in a total of 500 participants at study 
initiation. These targets were then distributed across five regions, with 
each region aiming to enroll 50 unexposed and 50 exposed individuals.

2.4. Livestock sample calculation

Sampling targets were set to 400 livestock per sampling visit, made 
up of 20 animals per taxa (camels, sheep, cattle, and goats) per site. 
Livestock were opportunistically sampled and not followed longitudi
nally for study.

2.5. Study procedures

All interactions with potential participants were conducted in Arabic 
by native-speaking team members. Participants were administered a 
standardized questionnaire at baseline (January – March 2022) and 
follow-up (May – July 2023) focusing on demographic and behavioral 
data. Participants were considered lost to follow-up if they missed their 
follow-up visit and were unreachable by telephone to schedule a follow- 
up visit, or if they withdrew their consent.Fig. 1. Study sites in Jordan at which humans and livestock were sampled.
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2.6. Human sample collection

Blood samples were obtained at baseline and at follow-up. Approx
imately 5–8 mL of whole blood was collected using vacutainer needle 
and plain clotting tubes from each participant at each time point. Blood 
was drawn by a registered nurse.

2.7. Livestock sample collection

Blood samples were collected from livestock in the baseline and 
follow-up groups. Approximately 5–8 mL of whole blood was collected 
via jugular venipuncture in cattle, camels, sheep, and goats using 
vacutainer needle and plain clotting tubes.

2.8. Sample handling and transportation

Human and livestock blood samples were immediately transferred to 
an icebox with ice packs and transported to the laboratory (2–24 h 
depending on site location). At the laboratory, samples were centrifuged 
at 10000g for 10 min to collect serum. Serum was stored short-term at 2 
to 8 ◦C and long-term − 70 to − 80 ◦C.

2.9. Laboratory testing

Serum samples were used to detect antibodies against Brucella spp. 
using the Rose Bengal test (RBT) (JOVAC, Amman, Jordan) for screening 
[25]. Positive samples were subjected to complement fixation test (CFT) 
(Bio Industries Center, Amman, Jordan) for confirmation [26]. These 
tests were selected and performed in series due to the high sensitivity of 
RBT and the high specificity of CFT in both humans and livestock, thus 
reducing the likelihood of false positive and negative results [27,28].

2.10. Data analysis and statistical analysis

All statistical analyses were conducted using R software version 4.3.2 
(R Core Team, 2023). A sample was considered seropositive if it was 
positive by both RBT and CFT. The seroprevalences for both livestock 
and humans were calculated as the percentage of seropositives in a given 
sampling round and are reported alongside their respective 95 % con
fidence intervals. In animals, seroprevalences were calculated for the 
baseline and follow-up rounds. In humans, seroprevalence was calcu
lated at baseline, and incidence was calculated at follow-up. Seropre
valence was calculated for the entire human cohort as well as for 
exposed and unexposed cohorts. A seropositive was considered incident 
if the individual was negative by RBT and CFT at baseline and positive 
on both tests at follow-up. To calculate incidence, an intercept-only 
Poisson model including an offset term to account for varying follow- 
up durations of participants was fit to the data, where the outcome 
was the occurrence of serological evidence of brucellosis. The incidence 
rate per 100,000 person-years was obtained by exponentiating the 
intercept term and is reported alongside its corresponding 95 % confi
dence interval.

To investigate pairwise associations between brucellosis seroposi
tivity and human demographic information collected at baseline, uni
variable logistic regression models were used. Variables with perfect 
separation were not included in univariable or multivariable analyses. 
Variables identified as significant in univariable analysis, where signif
icance was assessed at the p ≤ 0.05 level, were included in the final 
multivariable regression model and evaluated using likelihood ratio 
tests (LRTs). Age and sex were included regardless of significance.

3. Results

3.1. Study population

A total of 500 human participants were enrolled in the study at 

baseline and 422 were retained through follow-up, meeting study 
enrollment and retention goals. Basic demographic information from 
participants at baseline is presented in Table 1. Forty-one percent of the 
population was regularly exposed to camels, sheep, goats, and/or cattle. 
The study population was overwhelmingly male (78 %). Participants 
ranged from 13 to 77 years of age, with a median age of 33 years. 
Regarding monthly income, the majority (97 %) fell within the 250–500 
JD range (350–700 USD), with only 2.8 % earning between 501 and 
1000 JD (705–1400 USD). The level of education of the study partici
pants varied with 7.0 % having no formal education, 19 % having pri
mary education, 55 % having secondary education, and 19 % having 
attained a university degree.

While sampling targets were achieved for camels, goats, and sheep, 
fewer cattle samples were obtained due to their relative scarcity in the 
south of Jordan. Descriptive information and blood samples were suc
cessfully obtained for the 350 livestock sampled per visit (Table 2). 
Overall, the distribution of herd sizes and age groups represented 
differed between baseline and follow-up periods. Most notably, the 
sheep and goats sampled at follow-up were on average younger and 
belonged to smaller herds in comparison to the baseline period.

3.2. Brucellosis in humans

At baseline, 17 of the 500 individuals sampled were positive for 
Brucella spp., compared to 10 of 422 individuals sampled at follow-up 
(Table 3). Five of the individuals positive at follow-up were also posi
tive at baseline.

Overall seroprevalence of brucellosis in humans at baseline was 3.40 
% (95 % CI: 1.99–5.39). Seropositive participants were detected at all 
five sampling sites with no significant regional variation observed. The 
highest percentage of seropositives was observed in Ma'an (5 %), fol
lowed by Al-Karak (4 %). Both Al-Zarqa and Aqaba each reported 3 % 
seroprevalence, while in Al-Ramtha (2 %), the lowest percentage of 
seropositives was noted. Seroprevalence was notably higher among in
dividuals regularly exposed to livestock (6.10 %; 95 % CI: 3.45–9.86) 
compared to individuals not regularly exposed to livestock (0.80 %; 95 
% CI: 0.097–2.85).

The incidence rate of brucellosis among this study population was 
947.5 seropositives per 100,00 people per year (95 % CI: 339.4–2036). 
No seropositives were detected among individuals without regular 
livestock contact. Among the livestock-exposed cohort, incidence was 
2036 seropositives per 100,000 people per year (95 % CI: 730.2–4377).

Only exposure to livestock (OR: 5.39; 95 % CI: 1.78–14.9, p < 0.01) 
was identified as significantly associated with brucellosis seropositivity 
in univariable analysis (Table 4). The final multivariable model included 

Table 1 
Demographic characteristics of human participants at baseline.

Variable N = 498 %

Livestock exposure
Exposed 202 41
Unexposed 296 59

Gender
Female 110 22
Male 338 78

Age
< 18 40 8.0
18–29 180 36
30–49 208 42
50 + 70 14

Monthly Income
250–500 JD 484 97
501–1000 JD 13 2.8

Highest Education
None 35 7.0
Primary 95 19
Secondary 272 55
University 95 19
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gender, age, and exposure to livestock (Table 4). In multivariable 
analysis, exposure to livestock remained significantly associated with an 
increase in risk of brucellosis seropositivity at baseline (LRT: X2 = 12.6 
df = 3, p < 0.01).

3.3. Brucellosis in livestock

The overall prevalence of Brucella spp. serum antibodies in livestock 

was 5.42 % (95 % CI: 3.50–8.32) in the baseline group and 2.57 % (95 % 
CI: 1.25–4.81) in the follow-up group (Table 5). No seropositives were 
detected in camels at either visit. Seroprevalence varied by site, with 
livestock in Al-Ramtha consistently exhibiting the highest proportion of 
brucellosis seropositives and none being detected in either sampling 
period in Al-Zarqa (Table 5). At baseline, sheep had the highest sero
prevalence (12 %) compared to other taxa, whereas at follow-up, the 
highest seroprevalence was observed in cattle (8 %) (Fig. 2).

4. Discussion

This is the first study in Jordan designed to investigate the human- 

Table 2 
Characteristics of livestock sampled at baseline and follow-Up.

Variable Sheep Goat Cattle Camel

Baseline N =
100

Follow-up N =
100

Baseline N =
100

Follow-up N =
100

Baseline N =
50

Follow-up N =
50

Baseline N =
100

Follow-up N =
100

Site
Al-Karak 20 20 20 20 10 0 20 20
Al-Ramtha 20 20 20 20 20 20 20 20
Al-Zarqa 20 20 20 20 15 20 20 20
Aqaba 20 20 20 20 0 0 20 20
Ma'an 20 20 20 20 5 10 20 20

Herd Size
1–25 27 30 27 30 5 10 78 68
25–100 45 56 45 56 45 40 22 12
100–300 13 14 13 14 0 0 0 5
300+ 15 0 15 0 0 0 0 15

Age
<6 months 9 11 9 11 24 34 24 21
6 mo. - <1 yr. 14 16 14 16 1 7 5 7
1–5 years 50 66 50 66 21 8 40 41
5+ years 27 7 27 7 4 0 31 31

Sex
Female 87 88 87 88 31 28 74 61
Male 13 12 13 12 19 22 26 39

Table 3 
Number of human samples positive for brucellosis by site.

Sampling round Site No. positive / no. tested % positive

Baseline Al-Karak 4/100 4
Al-Ramtha 2/100 2
Al-Zarqa 3/100 3
Aqaba 3/100 3
Ma'an 5/100 5
All Sites 17/500 3.4

Follow-up Al-Karak 2*/81 2.5
Al-Ramtha 0/93 0
Al-Zarqa 3/84 3.6
Aqaba 2†/82 2.4
Ma'an 3‡/82 3.7
All Sites 10§/422 2.37

* Two individuals also positive in round 1.
† One individual also positive in round 1.
‡ Two individuals also positive in round 1.
§ Five individuals also positive in round 1.

Table 4 
Univariable and Multivariable Analyses for Brucellosis Seropositivity in Human Cohort at Baseline.

Variable Case Population 
n/N (%)

Non-case population 
n/N (%)

Univariable 
OR (95 % CI)

Univariable 
OR p value

Multivariable 
aOR (95 % CI)

Multivariable 
aOR p value

Livestock Exposure No 11/17 (64.7) 435/479 (90.8) Ref Ref –
Yes 6/17 (35.3) 44/479 (9.2) 5.39 (1.78–14.9) 0.002 5.51 (1.80–15.5) 0.002

Gender M 16/17 (94.1) 371/479 (77.5) Ref – Ref –
F 1/17 (5.9) 108/479 (22.5) 0.215 (0.012–1.07) 0.138 0.25 (0.01–1.31) 0.190

Age – – 0.978 (0.938–1.01) 0.265 0.98 (0.94–1.02) 0.289
Highest Education None 1/17 (5.9) 34/479 (7.1) 0.858 (0.046–4.77) 0.885 – –

Primary 6/17 (35.3) 89/479 (18.6) 1.96 (0.642–5.59) 0.213 – –
Secondary 9/17 (52.9) 262/479 (54.7) Ref – –
University 1/17 (5.9) 94/479 (19.6) 0.310 (0.017–1.86) 0.269 – –

Monthly Income (JD) 250–500 17/17 (100) 465/479 (97.1) – – – –
500+ 0/17 (0) 14/479 (2.9) – – – –

Table 5 
Number of livestock samples positive for brucellosis by site.

Sampling round Site No. positive / no. tested % positive

Baseline Al-Karak 5/70 7.1
Al-Ramtha 7/80 8.8
Al-Zarqa 0/75 0
Aqaba 3/60 5.0
Ma'an 4/65 6.2
All Sites 19/350 5.4

Follow-up Al-Karak 1/60 1.7
Al-Ramtha 5/80 6.3
Al-Zarqa 0/80 0
Aqaba 0/60 0
Ma'an 3/70 4.3
All Sites 9/350 2.6
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animal interface as a determining factor in brucellosis and to collect data 
and samples concurrently (both spatially and temporally) from humans 
and animals. This approach is particularly crucial for countries like 
Jordan, where livestock play a significant role in the economy and 
livelihoods of communities, and where zoonotic diseases pose substan
tial public health risks.

In this study, we report an overall seroprevalence of 3.4 % (95 % CI: 
2.0–5.4) in humans. This is comparable to a recent seroprevalence es
timate of 6.7 % generated by a study of over 900 adults across Jordan 
[29], which may have reported a slightly higher seroprevalence due to 
using less strict criteria for defining a positive case (considered a case if 
positive on one of two different assays), and due to sampling a higher 
proportion of people living in the north of Jordan, where prevalence is 
reportedly higher. While most studies note markedly increased sero
prevalence in northern Jordan [5,17,29], no significant regional varia
tions were detected in our study. Previous research has suggested that 
elevated seroprevalence in the north may be linked to higher livestock 
density and more frequent small ruminant ownership in the region 
compared to the south [5,17,19,29]. Thus, the lack of regional variation 
in the present study may be attributable to our sampling framework 
ensuring an even representation of livestock-exposed and livestock- 
unexposed individuals and a variety of human-animal interface types 
at all sites.

Accurate estimates of the incidence of human brucellosis in Jordan 
and the Middle East are lacking [30–34]. Estimates vary widely even 
within countries, with reports ranging between 6.00 and 149.54 cases 
per 100,000 person-years in Saudi Arabia, and 2.6–268.81 cases per 
100,000 person-years in Iraq [4]. The incidence rate reported in the 
present study — 947 seropositives per 100,000 person-years — is sub
stantially higher, which may be accounted for by several reasons. A 
majority of existing estimates are based on passive surveillance relying 
on notified cases or hospital-based studies, which are suspected to un
derestimate the incidence of brucellosis by 12 to 25-fold [30]. Further, 
our study deliberately enrolled participants in regions where zoonotic 
pathogen transmission was theorized to be high. Additionally, nearly 
half of the population in the present study are regularly exposed to 
livestock, which is a known risk factor for brucellosis. The incidence for 
this at-risk population has not been determined previously and requires 
follow-up studies.

Brucellosis is a significant concern in the Middle East, and the high 
incidence rate among humans is alarming [30–34]. One of the major 
contributing factors to this issue is the consumption of raw milk and 
unpasteurized dairy products, as well as undercooked meat [6–9]. These 
dietary habits facilitate the transmission of Brucella species, which are 
responsible for the disease. Addressing these eating habits is crucial for 
controlling and preventing brucellosis in the region. Public health in
terventions that promote the pasteurization of milk and proper cooking 

of meat, along with educational campaigns about the risks associated 
with consuming unpasteurized products, are essential steps in miti
gating the impact of brucellosis. Furthermore, strengthening veterinary 
and agricultural practices to ensure the health of livestock can also play 
a vital role in reducing the incidence of this disease.

In the present study, exposure to livestock was significantly associ
ated with brucellosis seropositivity at baseline in multivariable analysis. 
Accordingly, seroprevalence and incidence were notably higher among 
individuals regularly exposed to livestock in our study (6.10 %) 
compared to unexposed individuals (0.80 %), with no incident cases 
being identified in the unexposed cohort. This is consistent with the 
seroprevalence reported for high risk (8.2 %) and low risk (0.5 %) 
participants in a study from 1991 in Northern Jordan, which, however, 
did not describe incidence [19,32]. Further, our results support findings 
from previous research in the region identifying significantly increased 
risk of Brucella spp. exposure among dairy factory workers [19], veter
inarians [32], and those otherwise indirectly exposed to livestock [5].

Findings of this study indicate widespread presence of brucellosis 
among livestock across Jordan, with an overall prevalence of 5.4 % (95 
% CI: 3.5–8.3) in the baseline group and 2.6 % (95 % CI: 1.4–4.8) in the 
follow-up group. Though differences were not significant, slightly 
higher seroprevalence at baseline may be partially attributable to sea
sonality and climate— baseline sampling occurred during late winter 
and early spring, whereas follow-up sampling occurred during the 
summer. While no previous studies in Jordan have reported seasonality 
as a risk factor for seropositivity of brucellosis, studies from Iran 
[15,35], Turkey [2,30], Germany [2,30], Greece [33], and Ethiopia 
[2,30] have reported that the incidence of brucellosis is seasonal, often 
corresponding to calving or increased rainfall. In the present study, 
baseline sampling occurred shortly after calving and the rainy season in 
Jordan.

In this study, the proportion of seropositives detected were highest 
among sheep (7 %) followed by cattle (4 %) and goats (2 %), with no 
seropositives detected in camels. Previous research has suggested 
varying degrees of susceptibility or exposure to Brucella spp. among 
different livestock species and herd compositions. The most compre
hensive, nationwide prevalence study on brucellosis in Jordan among 
non-camel livestock to date found significantly higher seroprevalence 
among small ruminant flocks (34.3 %) – particularly in mixed sheep- 
goat flocks (70.4 %) – compared to cattle-only flocks (18.1 %) [17]. 
Because Musallam et al. (2015) [17] examined seroprevalence on a herd 
level, which produces significantly higher seroprevalence estimates than 
calculating seroprevalence at the individual level, it is difficult to draw 
comparisons between studies. That said, our seroprevalence estimate 
among cattle is relatively consistent with that of another study reporting 
a 6.5 % prevalence among cattle at the individual level and 25.8 % at the 
herd level [36].

Camel brucellosis is considered an ignored but significant zoonotic 
threat in countries where camels are raised, with substantial economic 
implications. A global meta-epidemiological study estimated a world
wide prevalence of camel brucellosis at 9.23 % [37]. It is interesting to 
note that camels exhibited no positive samples in the current study, 
contrary to previously published data from Jordan, which reported a 
12.1 % true prevalence of seropositive camels, with 35.1 % of herds 
having at least one positive camel [38]. One factor which may 
contribute to this discrepancy is herd size. Al Majali et al. (2008) iden
tified large herd size as a significant risk factor for camel brucellosis 
[38]. In the present study, an overwhelming majority of camels sampled 
belonged to herds of less than 25 camels.

Although human seropositive samples were detected at all sites 
sampled, no livestock seropositive samples were detected in Al-Zarqa in 
either sampling period, nor in Aqaba in the follow-up period. While 
regional variation was not significant, it is worth noting that small herd 
sizes in Al-Zarqa and Aqaba may contribute to the lack of seropositives 
detected at these sites. Moreover, differences in management practices, 
housing conditions, and migration patterns could play a role in regional 

Fig. 2. Percentage of livestock positive for brucellosis by species with 95 % 
confidence intervals.
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variation in the seroprevalence of livestock brucellosis. Livestock pop
ulation density also varies across Jordan, both by region and species. In 
the northern, eastern, and central parts of the country, cattle, camels, 
sheep, and goats are plentiful, whereas cattle are scarce in the southern 
regions. Additionally, the presence or absence of effective disease con
trol measures, such as vaccination campaigns or quarantine procedures, 
may vary from one region to another, impacting the prevalence of the 
disease.

Our findings should be interpreted with several important consid
erations in mind. We utilized RBT followed by confirmatory CFT, which 
unlike bacteriological or molecular methods, cannot definitively di
agnose brucellosis. Serological tests can produce false positives due to 
cross-reactivity and may fail to detect active infections during their early 
or late phases, leading to false negatives. Reported seroprevalence and 
incidence estimates are thus subject to bias. Furthermore, the sensitivity 
and specificity of these diagnostic tests can vary by species, potentially 
skewing reported seroprevalence estimates depending on the species 
involved. However, by employing RBT, which has high sensitivity, along 
with CFT, which is highly specific, the likelihood of false positives and 
false negatives is reduced, thereby enhancing the reliability of our 
findings. Additionally, the seroprevalence of human brucellosis reported 
in the present study should not be extrapolated to Jordan at large 
because our sampling method lacked deliberate stratification to ensure 
representativeness of Jordan's demographic composition. Further, for 
human participants testing positive in both sampling periods, it was not 
possible to differentiate between long-lasting immune response or 
reoccurrence of infection. Though possible, reinfection with Brucella 
spp., is rare [39,40]. Therefore, for the purpose of calculating an inci
dence rate in this study, individuals seropositive in both sampling pe
riods were not treated as new infections at the second round, reducing 
the likelihood of overestimating incidence and leaving a small chance 
that the present study underestimates the incidence of human brucel
losis in Jordan. In terms of livestock, we were unable to capture a 
geographically representative sample of cattle given the relative scarcity 
of cattle in southern Jordan. Moreover, differences in sex and herd size 
makeup of livestock sampled at baseline compared to follow-up make it 
difficult to identify whether temporal changes in seroprevalence are 
genuine or due to sampling methods. Lastly, because livestock were not 
tagged or followed longitudinally, it is possible that animals sampled at 
baseline were re-sampled at follow-up, though the probability of this is 
low due to animal turnover from sale, death, or culling during the 1.5- 
year time period.

5. Conclusion

Results of this study indicates that humans regularly exposed to 
livestock show evidence of brucellosis at a higher rate than unexposed 
individuals. These results underscore the necessity and opportunity to 
prioritize brucellosis control measures aimed at reducing the disease 
burden within livestock populations as well as encouraging behavioral 
changes to reduce animal to human transmission. Moreover, given the 
high incidence of livestock brucellosis in the Middle East and extensive 
livestock trade within the region, regional coordinated efforts will be 
necessary to efficiently combat this disease.
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