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Spatio-temporal Distribution of Human Brucellosis in Eritrea: 2015 - 2019
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Abstract: Human brucellosis remains a significant zoonotic threat in livestock-dependent regions, yet
its epidemiology in Eritrea is pootly characterized. This study retrospectively investigated the spatio-
temporal distribution and demographic factors associated with human brucellosis in Eritrea using five
years of national passive surveillance data. A retrospective cross-sectional analysis was conducted using
3,138 suspected human brucellosis cases tested at the National Animal and Plant Health Laboratory
(NAPHL) between 2015 and 2019. Seropositivity was determined using the Rose Bengal Plate Test
(RBPT). Spatio-temporal trends were analyzed using negative binomial regression and the Cochran—
Armitage trend test, while multivariable logistic regression assessed associations between seropositivity
and age, gender, residence, and geographic zone. Spatial distribution was visualized using ArcGIS and
QGIS. Overall, RBPT seropositivity was 31.5%. Adolescents aged 11-18 years had 1.86 times higher
odds of seropositivity compared to adults 19—40 years, while older adults (61-80 years) had reduced
odds (OR = 0.56). Male participants (OR = 1.66) and rural residents (OR = 2.30) were at elevated risk.
Regional analysis showed significantly higher incidence in Maekel (IRR = 5.02), Northern Red Sea (IRR
= 2.85), and Debub (IRR = 1.97) compared to Anseba. Temporal analysis indicated a rising trend over
the five years (IRR = 1.69 per year). Spatial patterns revealed heterogeneous sub-regional clustering
across Eritrea. Human brucellosis in Eritrea exhibits pronounced demographic and geographic
disparities, with adolescents, males, and rural residents bearing a higher risk. The findings highlight the
importance of targeted surveillance and intervention strategies that focus on high-risk populations and

regions to reduce infections and guide public health control efforts.
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Introduction

Brucellosis is one of the most widespread neglected
zoonotic diseases worldwide, predominantly affecting
low- and middle-income countries (Lavigne ez al.,, 2025).
It is caused by bacteria of the genus Brucella, with B.
melitensis, B. abortus, B. suis, and B. canis being the main
species responsible for human infection (Occhialini ez al,
2022). Brucellosis poses a significant public health
problem due to its endemicity in many regions and the
elevated risk of infection among individuals with
occupational contact with livestock and animal products,
including farmers, abattoir workers, and veterinarians
Mia et al., 2022).

Human brucellosis is transmitted through direct
contact with infected animals or their products,
including ingestion of unpasteurized milk and dairy
products, inhalation of aerosols, or contact with
contaminated tissues and fluids (Dagnaw ez al., 2024).
Brucellosis presents with a broad, often nonspecific

array of clinical signs that can mimic other illnesses,
contributing  to  frequent  misdiagnosis  and
underreporting in clinical practice (Shi er al, 2024).
Occupational groups such as livestock keepers, dairy and
farm workers, veterinarians, slaughterhouse workers,
and laboratory personnel are particularly at risk of
brucellosis due to frequent contact with infected animals
or animal products and inadequate use of preventive
measures (Pereira ¢f al., 2020).

Globally, more than 500,000 human brucellosis cases
are reported each year; however, empirical modelling
indicates that the true contemporary incidence may
range from 1.6 to 2.1 million cases annually due to
under-reporting and limitations in surveillance systems
(Laine ez al, 2023). Human brucellosis incidence in
endemic regions exhibits substantial geographic
variability, with reported rates ranging from very low
levels (near <1 case per 100,000 person-years) up to well
over 200 cases per 100,000 person-years in highly
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affected populations (Dean e a4/, 2012; Hamyali-
Ainvand and Ebrahimi, 2025). This reflects differences
in livestock practices, surveillance systems, and the
intensity of animal reservoir infection. In contrast, in
countries where brucellosis has been effectively
controlled or eradicated in livestock through systematic
vaccination, testing, and culling programs, human
incidence is consistently very low — often below 1 case
per 100,000 population annually — underscoring the
close linkage between animal disease control and human
risk (ECDC, 2024). Human brucellosis remains highly
prevalent in parts of Africa, the Mediterranean basin, the
Middle East, Asia, and Latin America, with disease
occurrence closely linked to infection in animal
reservoirs (Liu ez al., 2024).

In Eritrea, brucellosis has been documented in
livestock since the 1940s, with the first reports
describing positive serological reactions in cattle from
Agordet, Gash-Barka region (Efrem ef al., 2023). Several
serological studies have demonstrated the presence of
Brucella infection in cattle, sheep, goats, and camels
across different regions of the country. For instance,
Omer and colleagues reported antibodies to Brucella spp.
in cattle, goats, sheep, and camels under different
husbandry systems in Eritrea, confirming multi-species
exposure (Omer e al, 2000). A recent cross-sectional
seroprevalence study in dairy cattle from Mackel and
Debub regions found that a proportion of apparently
healthy dairy cattle were seropositive for Brucella
antibodies by RBPT and c-ELISA, underscoring
ongoing infection among livestock (Efrem e7 a/, 2023).
Limited studies conducted among occupationally
exposed populations have also confirmed human
exposure to Brucella spp. In early sero-epidemiological
work, investigators documented seropositivity among
dairy farmers, veterinary personnel, and pastoralists,
with measurable rates of Brucella antibodies linked to
occupational contact with animals (Omer e al, 2002).
More recent human seroprevalence data from livestock
owners in the Northern Red Sea region reported
measurable seropositivity, further indicating exposure
among people engaged in livestock production (Efrem ez
al., 2022). More recent investigations have continued to
report evidence of brucellosis in both animals and high-
risk  human  populations, indicating  ongoing
transmission. Contemporary research using molecular
and serological tools in the Mackel (Central) and Debub
(Southern) region detected Brucella spp. DNA in goats
and cattle. Furthermore, linked-risk practices such as
consumption of raw dairy products and handling of
aborted materials support persistent transmission in
animal and human populations (Bereket e/ al, 2021;
Efrem e al., 2024a).

Overall, available evidence suggests that brucellosis
remains widely distributed in Eritrea; however, existing
studies are geographically limited and population-
specific. Comprehensive information on the national
spatio-temporal  distribution  and  demographic
characteristics of human brucellosis is lacking. Such
information is essential for guiding effective prevention
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and control strategies, as understanding geographic and
temporal patterns of infection informs targeted
interventions and resource allocation in endemic settings
(Wagaba e# al, 2025). Therefore, the aim of this study
was to retrospectively investigate the spatio-temporal
distribution and demographic factors associated with
human brucellosis in Eritrea using passive surveillance
data.

Materials and Methods

Study Area and Period

This study was conducted in the State of Eritrea located
in north-eastern part of Africa lying between latitudes
12° 42' N to 18° 02' N and longitudes 36 ° 30' E to 43°
20" E. Eritrea is bordered by the Red Sea to the east,
Sudan to the north-west, Ethiopia to the south and west,
and Dijibouti at its south-eastern extremity (Figure 1).
Administratively, the country is divided into six regions
(zobas), 55 sub-regions, 736 administrative areas, 2,674
villages, and 873,016 households. The total population is
estimated at 3,029,000, of which approximately 802,000
reside in Gash-Barka, 753,000 in Debub (Southern),
583,000 in Macekel (Central), 429,000 in Anseba, 381,000
in the Northern Red Sea (NRS), and 82,000 in the
Southern Red Sea (SRS) regions. Agro-ecologically,
Eritrea is broadly classified into three zones: the
highlands (predominantly Maekel and Debub regions),
the eastern lowlands (covering most of the NRS and SRS
regions), and the western lowlands (encompassing large
parts of Anseba and Gash-Barka regions). These zones
differ markedly in climate, livestock production systems,
and human—animal interaction patterns.

Study Design

A retrospective analytic cross-sectional study was
conducted to investigate the  spatio-temporal
distribution and demographic factors associated with
human brucellosis. The study utilized secondary data
from human samples tested at the National Animal and
Plant Health Laboratory (NAPHL), Ministry of
Agriculture, Asmara. The analysis covered the period
from January 2015 to December 2019. During this
period, NAPHL was the only laboratory in the country
with the capacity to diagnose human brucellosis,
receiving samples from health facilities nationwide.

Data Source

From January 2015 to December 2019, a total of 3,138
suspected human brucellosis cases were referred from
hospitals and health centers across Eritrea to the
National Animal and Plant Health ILaboratory
(NAPHL) for diagnostic testing. For each suspected
case, routinely collected surveillance and laboratory
information was retrieved from the NAPHL archival
records. The dataset included case identification
number, date of testing (month and year), region, sub-
region, village of residence, age, and gender. Annual
population estimates by region were obtained from the
Regional Administration Office, Asmara, Eritrea, and
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were used as denominators for calculating incidence
rates.

Laboratory Investigation

At the time of diagnosis, the Rose Bengal Plate Test
(RBPT) was used as the primary serological screening
test for human brucellosis and to support clinical
decision-making for initiation of treatment. The RBPT
was performed in accordance with the manufacturer’s
instructions (Animal and Plant Health Agency [APHA],
Surrey, United Kingdom) and the World Organization
for Animal Health (OIE) guidelines for the diagnosis of
brucellosis (OIE, 2018). Before testing, the Rose Bengal
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Figure 1. Map of Eritrea and its six regions.

Data Quality Assurance

Data quality assurance was ensured at both the
laboratory and data management levels. At the
laboratory level, all Rose Bengal Plate Tests (RBPT)
were performed by trained laboratory personnel
following standard operating procedures in accordance
with manufacturer instructions and OIE guidelines.
Positive and negative control sera for Brucella abortus and
Brucella melitensis were included in each testing session to
verify test performance. Test reagents were stored and
used according to recommended conditions. At the data
management level, laboratory records were reviewed for
completeness and consistency before data entry. Key
variables, including date of testing, geographic location,
age, and gender, were checked for missing values,
duplicates, and logical inconsistencies. Before statistical
analysis, the dataset was cleaned and validated, including
range checks for continuous variables (e.g., age) and
cross-checking of spatial identifiers (region, sub-region,
village) against official administrative boundaries.

Brucellosis in Eritrea

antigen, serum samples, and control sera were
equilibrated to room temperature and gently mixed to
ensure homogeneity. Thirty microlitres (30 pL) of each
serum sample was dispensed onto a white ceramic plate
and mixed with an equal volume of Rose Bengal antigen
using a clean applicator stick. The plate was then gently
rocked at room temperature for 8 minutes. The presence
of any visible agglutination was interpreted as a positive
result, while the absence of agglutination was considered
negative. Positive and negative control sera for Brucella
abortus and Brucella melitensis were included at the start of
each testing session to ensure test validity and quality
control.
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Statistical Analysis

Socio-demographic characteristics, including region,
sub-region, gender, age group, and place of residence
(urban/rural), were summarized using frequencies and
proportions. Sero-positivity for each category was
calculated as the number of laboratory-confirmed
positive cases divided by the total number of samples
tested within that category. Odds ratios (ORs) with
corresponding 95% confidence intervals (Cls) were
computed to assess the strength and significance of
associations between socio-demographic factors and
brucellosis sero-positivity at both univariable and
multivariable levels. Variables considered for regression
analysis included place of residence (urban/rural), agro-
ecological zone, age group, gender, and month of
diagnosis. A multivariable logistic regression model was
fitted using a backward stepwise selection approach. All
candidate variables were initially included in the model,
and non-significant variables were sequentially removed
based on statistical significance. Variables with p-values
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< 0.05 were retained in the final model. In addition to
statistical criteria, variables were assessed for biological
plausibility and consistency with findings from previous
studies. Data completeness: Complete-case analysis used
(N = 2,218) to avoid bias from missing Age, Residence,
or Gender. Confounders were checked for changes
(>20% change) in ORs between univariable and
multivariable models. Potential Age X Gender
interactions were tested, and all interaction terms wetre
non-significant (p > 0.05). Model fit was assessed by
Tjur’s R2

Temporal and spatial patterns indicated that the
number of reported brucellosis cases increased over the
five-year study period and was widely distributed across
regions and sub-regions. To assess temporal trends and
identify geographic areas at higher risk, the data were
aggregated into count data and modeled using count
regression approaches. Initially, Poisson regression was
considered; however, the data exhibited overdispersion
and excess zeros. Model selection was therefore based
on comparison of Akaike Information Criterion (AIC)
values, and negative binomial regression was found to
provide a better fit. Accordingly, the annual counts of
confirmed brucellosis cases by region and sub-region
were modeled using negative binomial regression, with
the population size of each region or sub-region
included as an offset term. Additionally, temporal trends
across the five consecutive years were assessed using the
Cochran—Armitage trend test. All statistical analyses
were conducted using R software (R Foundation for
Statistical Computing, Vienna, Austria), employing the
DescTools, MASS, and pscl packages. Spatial
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visualization of the map of Eritrea was performed using
ArcGIS version 10.3 (Esti, Redlands, CA, USA),
applying the WGS 1984 datum, UTM Zone 37N
coordinate system. And also mapping of human
brucellosis cases in subzones was undertaken using

QGIS Desktop 3.44.7.

Ethical Approval and Informed Consent

Ethical approval was sought from the Research Ethics
and Protocol Review Committee of the Ministry of
Health of FEritrea in Asmara, Eritrea. Due to the
retrospective nature of the study, informed consent was
waived by the Health Research Protocol Review and
Ethical Committee of the Ministry of Health of Eritrea.
Confidentiality was assured before the study, and hence,
data use was permitted for study purposes only. All
methods were catried out in accordance with relevant
guidelines and regulations.

Results

Human Brucella Sero-positivity

From 2015 to 2019, a total of 3,138 human serum
samples were submitted to and tested at the National
Animal and Plant Health Laboratory (NAPHL). Of
these, 989 samples tested positive by the Rose Bengal
Plate Test (RBPT), resulting in an overall sero-positivity
of 31.5% across the five-year study period. The number
of serum samples submitted for testing increased
steadily over time, rising from 123 samples in 2015 to
1,244 samples in 2019 (Figure 2).
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Figure 2. Human brucellosis samples and sero-positivity, as confirmed by RBPT and distributed by year in Eritrea from

2015 to 2019.

Spatio-temporal Distribution of Human Brucellosis
Except for the Southern Red Sea Zone (n = 4), all five
regions exhibited heterogeneous distributions  of

reported human brucellosis cases across years, regions,
and villages (Figure 3). The Mackel (Central) region
recorded the highest number of cases (n = 331),
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followed by Debub (Southern) (n = 281), Northern Red
Sea (n = 210), Gash Barka (n = 97), and Anseba (n =
70). There was a marked spatial and temporal variation
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within regions, with clustering of cases in specific
administrative units and time periods (Figure 4).
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Figure 3. Human brucellosis samples collected from six administrative zones and sero-positives distributed by zones in

Eritrea from 2015 to 2019.

Temporal patterns: Although RBPT sero-positive
appeared to vary over time, formal trend analysis using
the Cochran-Armitage test did not demonstrate a
statistically significant linear trend (y* = 3.29,df = 1, p
= 0.070), indicating only weak evidence of temporal
change in RBPT positivity between 2015 and 2019.

Consistent with this observation, regression analysis
identified calendar year as a significant predictor of
brucellosis incidence, with incidence increasing over
successive years (IRR = 1.69; 95 % CI: 1.43 - 1.98; p <
0.001) (Table 1).

Table 1. Negative binomial regression with Zone predictors and years (2015 — 2019).

Variable Predictors Incidence rate ratio 95 % Confidence P-value
(IRR) Interval (CI)

Zone Anseba Ref. -- --
Debub (Southern) 1.97 1.02 - 3.78 0.042
Gash Barka 0.58 0.30 - 1.11 0.102
Mackel (Central) 5.02 214 -11.76 < 0.001
Northern Red Sea (NRS) 2.85 1.30 — 6.22 0.008
Southern Red Sea (SRS) -- -- No cases

Year Per year increase 1.69 1.43-1.98 < 0.001

Regional variation: Using Anseba region as the
reference category, significantly higher incidence rates
were observed in Maekel (IRR = 5.02; 95% CI: 2.14—
11.76; p < 0.001), Northern Red Sea (NRS) (IRR = 2.85;
95% CI: 1.30-6.22; p = 0.008), and Debub (IRR = 1.97;
95% CI: 1.02-3.78; p = 0.042). Although the incidence
rate in Gash-Barka was lower than that of the reference
region, the difference was not statistically significant
(IRR = 0.58; 95% CI: 0.30-1.11; p = 0.102). No human
brucellosis cases were reported from the Southern Red
Sea (SRS) region during the study period, and this region

was therefore excluded from the regression analysis

(Table 1).

Sub-zone level variation: Considerable heterogeneity
was also evident at the sub-zone level. Within the Debub
Zone, higher incidence rates were observed in
Dekemhare and Segeneiti, while Senafe exhibited a
significantly lower incidence relative to the reference
sub-zone. In the Anseba Zone, the incidence rate was
significantly higher in Aditekelezan and lower in Habero.
Within the Gash-Barka zone, significantly lower
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incidence rates were observed in Barentu and Tesseney, demonstrated a substantially higher incidence rate, while
whereas other sub-zones did not show statistically Nakfa exhibited a significantly lower incidence rate.
significant differences. In the Maekel Zone, markedly Several sub-zones across regions reported zero cases
elevated incidence rates were observed in Galanefhi and during the study period (Table 2).

Serejeka. Within the Northern Red Sea Zone, Ghindae

Table 2. Negative binomial regression with Sub-zones of each Zone.

Variable Predictors Incidence rate ratio 95 % Confidence Interval P-
(IRR) (CI) value
Debub (Southern) Adikeyh Ref. -- -
Senafe 0.11 0.02 - 0.65 0.015
Dekembhare 3.56 1.08 —11.72 0.036
Segeneiti 4.28 1.35-11.35 0.013
Dubarwa 2.52 0.81 —7.94 0.113
Mendeferra 1.42 0.43 —4.62 0.554
Emnihaili 0.34 0.08 —1.40 0.135
Maymine - -- 0 cases
Adiquala 1.25 0.33 -4.70 0.734
Areza 1.29 0.34 — 4.93 0.701
May-Aini 2.17 0.64 —7.32 0.210
Tsorona 0.64 0.16 —2.53 0.529
Anseba Hagaz 0.31 0.07 -1.29 0.109
Halhal - - 0 cases
Aditekelezan 4.45 1.30 - 15.17 0.016
Keren 0.75 0.22 —2.55 0.652
Asmat -- - 0 cases
Elabered 0.57 0.10 — 3.08 0.515
Geleb 0.76 0.21 -2.77 0.683
Hamelmalo 0.42 0.09 —1.87 0.258
Habero 0.07 0.008 — 0.75 0.027
Gash Barka Barentu 0.21 0.05-0.92 0.038
Logo Anseba 1.06 0.63 —1.67 0.094
Akurdet 0.36 0.09 —1.51 0.161
Laelay Gash 0.65 0.17 -2.49 0.536
Forto - - 0 cases
Haikota 0.48 0.03 — 0.64 0.581
Tesseney 0.18 0.04 —0.74 0.018
Goljj 0.59 0.14 —2.47 0.478
Shambiko 0.85 0.14 - 5.02 0.854
Molki 0.93 0.26 —3.32 0.910
Mensura 0.53 0.13-2.20 0.385
Gogne - - 0 cases
Mogolo - - 0 cases
Dige - - 0 cases
Kerekbet -- - 0 cases
Selea - - 0 cases
Macekel (Central) Asmara 0.79 0.25 -2.46 0.689
Berik 1.15 0.31 —4.28 0.823
Galanefhi 5.31 1.72 - 16.40 0.003
Serejeka 7.22 2.32 - 22.39 < 0.001
Northern Red Sea Adobha - - 0 cases
(NRS) Afabet 0.36 0.09 —1.34 0.129
Dahlak - - 0 cases
Foro 0.17 0.03 —1.05 0.057
Gelalo - - 0 cases
Ghindae 13.63 4.44 —41.85 < 0.001
Massawa 1.31 0.24 —7.04 0.753
Nakfa 0.16 0.02 -0.95 0.043
Karura 0 cases
Shieb 0.58 0.15-2.27 0.433
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Figure 4. Cases of human brucellosis in Eritrea, as explained by spatial distribution and temporal patterns from the year

2015 to 2019.

Univariable Analysis of Factors Associated with
RBPT Sero-positivity

Univariable logistic regression analyses were conducted
to assess the association between demographic,
temporal, and geographic factors and RBPT sero-
positivity (Table 3). Residence demonstrated the
strongest association with sero-positivity (Tjur’s R? =
0.039). Individuals residing in rural areas had
significantly higher odds of being sero-positive
compared to urban residents (OR = 2.77, 95% CI: 2.30—
3.36, p < 0.001). Age was also significantly associated

with sero-positivity (Tjur’s R?* = 0.031). Using
individuals aged 19-40 years as the reference group,
adolescents aged 11-18 years had approximately twice
the odds of sero-positivity (OR = 2.06, 95% CI: 1.61—
2.64, p < 0.001). In contrast, individuals aged 61-80
years had significantly lower odds (OR = 0.64, 95% CI:
0.45-0.90, p = 0.012). No significant differences were
observed for other age categories. The geographical
zone showed a modest association (Tjur’s R* = 0.017).
Compared to Anseba, individuals from Debub (OR =
1.52, p = 0.009) and Northern Red Sea (OR = 1.80, p <
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0.001) had significantly higher odds of sero-positivity.
Gender was significantly associated with sero-positivity
(P < 0.001), with males demonstrating higher odds
compared to females (OR = 1.65, 95% CI: 1.40-1.96, p
< 0.001).

The month of testing showed minimal explanatory
power (Tjur’s R? = 0.006). Using December as the
reference category, significantly higher odds of sero-
positivity were observed in several months. The highest
odds were recorded in July (OR = 1.82; 95% CI: 1.25—
2.66; p = 0.002). Increased odds were also observed in
January (OR = 1.67; 95% CI: 1.12-2.52; p = 0.013),
March (OR = 1.51; 95% CI: 1.04-2.21; p = 0.030), April

East African Journal of Veterinary and Animal Sciences 10 (1): 1-14

(OR = 1.52; 95% CI: 1.03-2.25; p = 0.0306), and June
(OR = 1.50; 95% CI: 1.03-2.20; p = 0.036). Although
February (OR = 1.40; 95% CI: 0.95-2.09; p = 0.094) and
May (OR = 1.40; 95% CI: 0.95-2.07; p = 0.087) showed
elevated odds compared to December, these
associations were not statistically significant at the 5%
level. No statistically significant differences were
observed for August, September, October, or
November relative to December. Overall, sero-positivity
ranged from 25.1% in December to 37.9% in July.
Overall, residence and age emerged as the strongest
predictors of RBPT sero-positivity in the univariable
analyses.

Table 3. Univariable logistic regression analysis (N = 2218 — 3138).

Variable Categories Sample  RBPT  Seroposit OR 95 % CI p-value Tjur’s R?
tested positive ivity (%)
Administrative ~ Anseba (Ref) 253 70 27.7 1.00 - - 0.017
zones Debub 754 281 37.3 1.52 1.11-2.08  0.009
Gash Barka 329 97 29.5 1.09 0.76 —1.58  0.631
Mackel 1252 331 26.4 0.94 0.70-1.28  0.686
NRS 515 210 40.8 1.80 1.30-2.51 < 0.001
Residence Utrban (Ref) 908 165 18.2 1.00 - - 0.039
Rural 2003 786 38.1 2.77 230-336  <0.001
Gender Female (Ref) 1034 254 24.6 1.00 - - 0.012
Male 2100 735 35.0 1.65 1.40-1.96 <0.001
Age 19 — 40 (Ref) 772 234 30.3 1.00 - - 0.031
<10 239 86 36 1.29 0.95-1.75 0.100
11-18 421 199 47.3 2.06 1.61-2.64 <0.001
41 - 60 542 140 25.8 0.80 0.63-1.02 0.077
61 -380 230 50 21.7 0.64 0.45-0.90 0.012
>80 14 3 214 0.63 0.14-2.03  0.477
Month December (Ref) 243 61 25.1 1.00 - - 0.006
January 206 74 359 1.67 1.12-252  0.013
February 244 78 32 1.40 0.95-2.09  0.094
March 303 102 33.7 1.51 1.04-221  0.030
April 252 85 33.7 1.52 1.03-2.25  0.036
May 269 86 32 1.40 0.95-2.07  0.087
June 287 96 33.4 1.50 1.03-220 0.036
July 280 106 37.9 1.82 1.25-2.66  0.002
August 231 61 26.4 1.07 0.71-1.62 0.746
September 241 72 29.9 1.27 0.85-1.90 0.240
October 273 77 28.2 1.17 0.79-1.74 0427
November 309 91 29.4 1.25 0.85-1.83 0.257

NRS = Northern Red Sea; OR = Odds ratio. The Southern Red Sea Zone had very few cases and was omitted from the table.

Multivariable Analysis of Factors Associated with
RBPT Sero-positivity

In multivariable logistic regression analysis (Table 4),
including complete-case data (n = 2,218), age, residence,
gender, and geographic zone were independently
associated with RBPT sero-positivity, while month was
removed during backward stepwise selection due to lack
of contribution to model fit (AIC reduction from
2,650.9 — 2,644.6). Adolescents aged 11-18 years had
1.86 times higher odds of seropositivity (95% CI: 1.44—
2.39, p < 0.001) compared to adults 19—40 years, while
older adults aged 61-80 years had reduced odds (OR =
0.56, 95% CI: 0.39-0.79, p = 0.001). Rural residents were

more likely to be seropositive than urban residents (OR
=2.30, 95% CI: 1.82-2.92, p < 0.001). Male participants
had 1.66 times higher odds of seropositivity than females
(95% CI: 1.35-2.04, p < 0.001). Compared to the
Anseba zone, Debub, Maekel, and NRS zones had
significantly higher odds, while Gash Barka was
borderline significant (OR = 1.58, 95% CI: 1.00-2.52, p
= 0.051). The SRS zone was omitted due to unstable
estimates. No predictor showed major confounding
(>20% change) affecting the final interpretation. Tjur’s
R? = 0.074, indicating modest explanatory power typical
for sero-surveillance data.
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Table 4. Multivariable logistic regression of RBPT sero-Positivity.

Predictor Category/Level OR 95 % CI p-value
Age 0-10 1.17 0.86 — 1.60 0.317
11-18 1.86 1.44 —2.39 < 0.001
41 - 60 0.79 0.61-1.01 0.063
61-80 0.56 0.39 - 1.33 0.174
> 80 0.41 0.09 - 1.33 0.174
Residence Urban (ref) 1.00 - -
Rural 2.30 1.82-292 < 0.001
Gender Female (ref) 1.00 - -
Male 1.66 1.35-2.04 < 0.001
Zone Anseba (ref) 1.00 - -
Debub 1.83 1.23 -2.75 0.003
Gash Barka 1.58 1.00 — 2.52 0.051
Mackel 1.62 1.11-2.41 0.013
NRS 1.75 1.17 - 2.64 0.007

NRS = Northern Red Sea; OR = Odds ratio.

Discussion

The present study found an overall brucellosis sero-
positivity of 31.5% among individuals tested at the
National Animal and Plant Health Laboratory between
2015 and 2019. This relatively high proportion suggests
that brucellosis remains an important public health
concern in Eritrea. Although these data were derived
from passive surveillance and do not represent
population-based prevalence, the high proportion of
positive cases among tested individuals indicates
substantial exposure among suspected cases.

The steady increase in the number of submitted serum
samples over the study period may reflect growing
clinical awareness, improved surveillance sensitivity,
increased healthcare access, or a true increase in
suspected cases. Similar patterns have been observed in
endemic settings where improvements in diagnostic
capacity and reporting systems lead to increased case
detection rather than necessarily reflecting a true rise in
incidence (Freire ez al, 2024). The observed sero-
positivity is comparable to findings reported in other
endemic regions of sub-Saharan Africa, where
brucellosis  remains  underdiagnosed and often
misclassified as other febrile illnesses (Lyimo e al., 2024;
Sileshi ez al., 2024).

The study demonstrated clear spatial and temporal
heterogeneity in the distribution of human brucellosis
across Eritrea between 2015 and 2019. Except for the
Southern Red Sea region, which reported only four
cases, all other regions exhibited marked variation in
reported cases across years and administrative units.
This uneven distribution suggests that brucellosis
transmission is not uniform nationwide but instead
clustered in specific geographic areas and time periods.
Although descriptive data suggested variation in RBPT
sero-positivity over time, the Cochran—Armitage trend
test did not demonstrate a statistically significant linear
trend in sero-positivity proportions between 2015 and
2019. This indicates that the proportion of positive cases
among tested individuals did not change consistently in
a linear fashion across years. However, in contrast,

negative binomial regression analysis identified calendar
year as a significant predictor of incidence, with
incidence increasing by approximately 69% per year
(IRR = 1.69; 95% CI. 1.43-1.98). This apparent
discrepancy likely reflects differences in analytical
approaches and denominators. The Cochran—Armitage
test evaluates trends in proportions among tested
individuals, whereas the negative binomial model
assesses population-adjusted incidence using regional
population as an offset. Therefore, while the proportion
of positives among those tested did not change
significantly, the absolute number of cases relative to
population size increased over time.

Using Anseba as the reference, incidence was
significantly higher in Maekel (IRR = 5.02; 95% CI:
2.14-11.76) and elevated in Debub (IRR = 1.97; 95%
CI: 1.02-3.78). Sub-zone analyses identified Galanefhi
and Serejeka in Mackel, and Dekemhare and Segeneiti in
Debub, as high-incidence foci. Mackel, which hosts the
capital Asmara, has the highest concentration of referral
facilities and diagnostic access nationally, likely
enhancing case detection compared with more remote
regions—a  well-recognized  feature of  passive
surveillance. At the same time, peri-urban dairy
production and frequent livestock product marketing
across these regions may increase human exposure
through occupational contact and consumption of
unpasteurized dairy products (Efrem ef al, 2024b). This
pattern is consistent with findings from urban and peri-
urban cattle in Kampala, Uganda (Makita e af, 2011),
and seropositivity among humans in East Africa linked
to contaminated milk products (Musallam ez @/, 2019;
Mpatswenumugabo e# al, 2023). Together, Debub and
Mackel contain a substantial proportion of the national
dairy herd, and recent animal-level studies in Eritrea
have documented ongoing Brucella circulation in dairy
systems (Efrem ez al, 2023), supporting the biological
plausibility of the observed human risk in these peri-
urban and adjacent rural dairy belts.

Incidence was significantly higher in Northern Red Sea
(IRR = 2.85; 95% CI: 1.30-6.22), driven largely by
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clustering in Ghindae. Ghindae lies along a major
transport corridor linking Asmara to Massawa,
facilitating  livestock movement and marketing,
recognized risk amplifiers for zoonotic transmission.
Recent local reports (2018-2023) have documented
both human case clusters and serological evidence of
animal infection in villages within this corridor,
consistent with our findings (Efrem ez a/, 2022; Mehari
et al, 2022). Transport hubs and market chains have
been implicated in brucellosis spread, underscoring the
importance of movement control, milk hygiene, and
targeted surveillance in such nodes (Rodrigues e/ a,
2023).

At the regional level, Anseba had a comparatively
lower incidence overall, however, sub-zone
heterogeneity was evident, with Aditekelezan showing
significantly higher incidence relative to its internal
reference. This focal pattern suggests localized
transmission rather than uniformly low risk across the
region. Historical village-level investigations have
documented Brucella exposure in parts of Anseba, and
the present findings indicate persistence of such foci
(Kebedom e al, 2008). Spatially focal persistence is
consistent with contemporary brucellosis epidemiology,
where micro-ecologies (herd structure, dairy practices,
and social networks) drive sub-regional clustering
(Akoko ez al., 2023).

Gash-Barka exhibited a lower incidence relative to
Anseba (IRR = 0.58; 95% CI: 0.30-1.11), though not
statistically significant. The region is geographically
extensive, with dispersed rural settlements and
predominantly  agro-pastoral  livelihoods.  Lower
observed incidence may reflect reduced healthcare
access, longer travel distances to diagnostic facilities, and
under-ascertainment—common limitations of passive
surveillance in sparsely populated settings. Recent
reviews (2017-2024) note that brucellosis burden is
often underestimated in pastoral systems due to access
barriers and health-secking patterns (Mengele ¢ al,
2023). Therefore, the lower reported incidence should
be interpreted cautiously.

In this study, residence, age, gender, and geographic
zone were independently associated with RBPT sero-
positivity after multivariable adjustment, whereas month
of testing did not contribute significantly to model fit.
Residence and age emerged as the strongest predictors
in both univariable and multivariable analyses, indicating
that living environment and age-related exposure
patterns play central roles in transmission dynamics.
Although the final model demonstrated modest
explanatory power (Tjur’s R* = 0.074), this is consistent
with passive sero-surveillance data, where behavioral
and occupational factors are often not captured (Tjur,
2009; Hosmer e# al., 2013).

Rural residence remained the most influential
determinant of infection, with rural residents exhibiting
more than twice the odds of sero-positivity compared to
urban residents after adjustment. This finding is
epidemiologically plausible in a zoonotic disease context,
as rural populations are more frequently engaged in
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livestock rearing, handling of partutient animals, and
consumption of unpasteurized dairy products, well-
documented risk factors for human brucellosis in
endemic regions (Duan ef al, 2026). The attenuation of
the odds ratio from univariable to multivariable analysis
suggests partial confounding by demographic and
geographic factors; however, the association remained
strong and independent, reinforcing the role of direct
animal contact and agro-pastoral practices in sustaining
transmission.

Age-specific patterns further support exposure-related
risk. Adolescents aged 11-18 years had significantly
higher odds of sero-positivity compared to adults aged
19-40 years, while individuals aged 61-80 years had
reduced odds. The elevated risk among adolescents
likely reflects active involvement in herding and
livestock-related  tasks within  rural households,
increasing contact with potentially infected animals and
contaminated materials. Evidence from endemic
pastoral settings indicates that adolescents (<18 years)
represent a meaningful at-risk group for human
brucellosis, as their progressive involvement in livestock
herding, milking, and animal teproductive tasks
increases cumulative behavioral exposure, resulting in
measurable seropositivity and documented clinical
infection even when age is not modeled as a distinct
category in epidemiologic analyses (Mubanga et al., 2021;
Savion ef al., 2023; Buyukcangaz ef al., 2025). Conversely,
the lower odds observed among older adults may be
attributable to  reduced occupational exposure,
behavioral modification, or differences in healthcare-
secking patterns. The persistence of age effects after
adjustment suggests that behavioral exposure pathways
contribute substantially to infection risk.

Male participants were significantly more likely to be
sero-positive than females, and this association remained
stable in the adjusted model. Gender differences in
brucellosis risk are commonly linked to occupational
roles, with males more frequently involved in animal
trading, livestock transport, slaughtering, and market
activities that increase exposure to infected tissues and
aerosols (Mehari ez al,, 2021; Ntivuguruzwa ez al., 2025).
The consistency of this finding after controlling for
residence and geographic zone indicates an independent
contribution of gender-related exposure patterns.

Geographic zone remained significantly associated
with sero-positivity after adjustment, with Debub,
Mackel, and Northern Red Sea demonstrating higher
odds relative to Anseba. These findings align with the
spatial clustering identified in the count-based incidence
analysis and suggest that regional variation is not solely
explained by demographic composition. Instead,
localized transmission dynamics, livestock density, dairy
production systems, and trade corridors likely contribute
to sustained risk in these regions. The borderline
association observed in Gash-Barka may reflect under-
ascertainment related to healthcare access rather than
the true absence of transmission.

Although several months showed elevated odds in
univariable analysis, the month was removed during
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multivariable model selection due to its limited
contribution to overall fit. This suggests that the
apparent seasonal variation was largely explained by
geographic clustering or temporal increases in case
detection rather than representing an independent
seasonal effect.

This study leveraged five years of national-level passive
surveillance data, representing the only available human
brucellosis dataset in Eritrea, which allowed for the first
comprehensive analysis of spatio-temporal distribution
and demographic risk factors. The use of a single,
centralized laboratory (NAPHL) ensured standardized
diagnostic testing, enhancing data consistency and
comparability —across regions. Additionally, the
integration of multivariable logistic regression and
negative binomial models allowed for robust adjustment
for confounding and accounted for overdispersion in
count data, providing reliable estimates of regional and
demographic risk.

However, several limitations should be acknowledged.
First, as a passive surveillance study, the data are subject
to selection bias: cases were only captured if individuals
sought healthcare and had samples submitted for testing.
This may underestimate true population prevalence and
disproportionately — represent regions with better
healthcare access. Second, important exposure variables
such as livestock ownership, occupational roles,
consumption of unpasteurized dairy products, and
socio-economic status were not available, limiting the
ability to explain all observed variation in sero-positivity.
Third, the use of RBPT as the sole diagnostic method
may have resulted in false positives or negatives,
although its high sensitivity for screening in endemic
settings mitigates this concern. Fourth, small sample
sizes in some tregions (e.g., Southern Red Sea) led to
unstable estimates and exclusion from regression
analyses, potentially underrepresenting risk in remote
areas. Finally, temporal trends should be interpreted
cautiously, as increases in case detection over time may
reflect improvements in awareness, surveillance, and
healthcare access rather than true changes in incidence.

Conclusion

The current study demonstrates that brucellosis may
play a significant public health role across communities
in Eritrea. Although the study was based on passive
surveillance data and purposively collected samples,
consideration was given to sample distribution across
five regions and several subregions, providing
demographic representation and temporal coverage
across months and seasons. This approach enabled
assessment of the importance of brucellosis in the
country over five years. Statistical analysis identified
several risk groups, including individuals aged 11-18
years, rural communities, and administrative zones with
higher risk, specifically Debub, Maekel, and NRS.
Overall, the findings provide important information for
prioritizing high-risk groups and can contribute to the
development and implementation of effective
brucellosis control measures.

Brucellosis in Eritrea
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