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Brucellosis Seroprevalence and Diagnostic Challenges:
A Comprehensive Review from 2017-2021

Kibra Firtina Topcu,"” ©© Mirsit Hasbek?

'Department of Medical Microbiology, Sivas State Hospital, Sivas, Tuirkiye
’Department of Medical Microbiology, Sivas Cumhuriyet University Faculty of Medicine, Sivas,
Tarkiye

ABSTRACT

Objective: This study aimed to evaluate the performance of the Rose Bengal test (RB), serum
agglutination test (SAT), and Coombs test (CT) in samples suspected of brucellosis, analyze
the seasonal distribution, examine the relationship with Crimean-Congo hemorrhagic fever
(CCHF), which is frequently observed in our region, and determine the seroprevalence of
brucellosis in the area.

Materials and Methods: A retrospective analysis was conducted on 12,279 brucellosis-
suspected samples submitted from various clinics between 2017 and 2021. RB, SAT, and
CT tests were performed, and results were analyzed concerning seasonal and yearly
distributions as well as factors such as age and gender differences.

Results: Among the 12,279 RB tests conducted, 281 (2.3%) were positive, and 11,998 (97.7%)
were negative. Of the positive results, 96 samples were positive for both RB and SAT, while
185 were RB positive but SAT negative. CT provided positive results in 101 out of 185 cases
with discordant RB and SAT results. The seroprevalence rate was 1.5%, with higher rates
observed among males and during the spring and summer seasons. A notable increase in
seropositivity was observed during the pandemic.

Conclusion: This study highlights the annual and seasonal distribution of brucellosis and
differences across age and gender groups. The Coombs test played a crucial role in resolving
cases with discordant RB and SAT results. A rise in brucellosis cases during the pandemic was
noted, with significant co-infections involving CCHF.

Keywords: Brucellosis diagnosis, coinfection, Crimean-congo hemorrhagic fever, diagnostic
accuracy, serological tests.

INTRODUCTION

Brucellosis is a systemic infectious disease transmitted from domestic and wild animals to humans,
affecting multiple organs and systems and presenting with a wide range of clinical manifestations.'?
It causes economic losses in animals due to reduced reproductive efficiency and in humans due
to labor loss resulting from complications associated with systemic involvement. The World Health
Organization identifies brucellosis as one of the most neglected zoonotic diseases.? It is among the
most widespread zoonotic infections, imposing a substantial global burden, with over 500,000 cases
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reported annually.**Theetiological agent, Brucellaspp.,isasmall,
nonmotile, sporeless, culture-resistant, facultative intracellular,
gram-negative coccobacillus. Of its twelve recognized species,
four are identified as human pathogens: B. melitensis, B.
abortus, B. suis, and B. canis.*®* The primary transmission routes
include direct or indirect contact with animal excreta and the
consumption of raw meat and unpasteurized dairy products,
typically through mucosal or gastrointestinal contact.

The disease often manifests with nonspecific signs and
symptoms, including fever, night sweats, weakness, fatigue,
anorexia, weight loss, and generalized muscle and joint pain.
This clinical presentation can mimic numerous other diseases,
leading to frequent misdiagnosis.! Definitive diagnosis
depends on the isolation of the bacteria from clinical
samples, with blood cultures being the preferred specimens.?
Although culture growth provides a definitive diagnosis, the
sensitivity of this method depends on factors such as the
timing of sample collection, the culture medium used, and
prior antibiotic exposure. Failure to culture the bacteria does
not exclude the diagnosis, highlighting the importance of
serological tests as a critical component of the diagnostic
process, which often depends heavily on these methods. The
rapid agglutination test, known as the Rose Bengal test (RB),
serves as a screening tool in endemic regions. The serum
agglutination test (SAT) may be performed alongside RB,
with titers of 1:160 or higher considered positive. In cases
where a preliminary diagnosis strongly suggests brucellosis
but the SAT result is negative, the Coombs test (CT) is utilized
to account for the presence of blocking antibodies. The ELISA
(enzyme-linked immunosorbent assay) method may also be
incorporated into the diagnostic process.’

This study aimed to evaluate the RB, SAT, and CT results from
brucellosis-suspected samples submitted to the microbiology
laboratory from various clinics and polyclinics between 2017
and 2021. It sought to analyze the seasonal distribution of
positive results, examine the association with Crimean-Congo
hemorrhagic fever (CCHF) in differential diagnosis, and assess
the seroprevalence of brucellosis within the province.

MATERIALS AND METHODS
Ethical Approval

Approval for this study was obtained from the Cumhuriyet
University Ethics Committee on November 16, 2022, with
decision number 2022-11/04.

Study Design and Sample Selection

This retrospective study analyzed the results of the RB, SAT, CT,
and CCHF tests from 12,279 samples submitted from various
units of our hospital between January 1, 2017 and December
31, 2021. Samples were collected from patients aged 18 and
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KEY MESSAGES

« This study demonstrated the contribution of a
stepwise approach using the Rose Bengal test (RB),
serum agglutination test (SAT), and Coombs test (CT)
to the diagnostic process. Approximately half of the
cases were diagnosed using the final step test.

+ There was an increase in brucellosis cases during the
pandemic period.

+ Crimean-Congo hemorrhagic fever (CCHF) is one
of the critical diseases to consider in the differential
diagnosis in our region.

over for the differential diagnosis of brucellosis. Demographic
datawereretrieved fromthe hospitalinformation management
system. Repeated results associated with treatment follow-up
after an initial positive test were excluded from the analysis.

Testing Procedures

« RBTest: The RB test (Seromed, Tuirkiye) was conducted first.
A total of 50 pL of patient serum and 50 pL of B. abortus
Rose Bengal antigen were combined on a card with a white
background and rotated at 100 rpm for four minutes. The
presence of sizable grain clusters was deemed positive,
while their absence was classified as negative.

« SAT: Following the RB test, SAT (Seromed, Tiirkiye) was
performed. Patient serum was prepared in glass tubes
with the relevant antigen in serial dilutions from 1:20 to
1:640. The mixture was incubated at 37°C in a vibration-free
environment for 48 hours. Button-shaped sedimentations
wereevaluated as negative, whilelace-shapedagglutinations
at dilutions of 1:160 and above were considered positive.

« CT:TheCoombstest (Diagast, France) was applied to samples
with discordant RB and SAT results or when clinical suspicion
of brucellosis persisted despite negative results. Tubes
showing no agglutination were washed and centrifuged
three times, followed by re-incubation with Coombs
antiserum for 24 hours. Button-shaped sedimentations were
considered negative, while lace-shaped agglutinations at
dilutions of 1:160 and above were regarded as positive.

Data Analysis

The results were analyzed using SPSS (Statistical Package for
the Social Sciences) 22.0 software (IBM Corp., Armonk, NY,
USA). Categorical variables were expressed as numbers and
percentages. Descriptive statistical methods (meantstandard
deviation, range, count, percentage) and the chi-square test
(Pearson chi-square) were used for 2x2 and multi-cell designs,
with a significance level set at p<0.05.
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Table 1. Age and gender distribution of cases

All cases Seropositive p
(n=12279) cases (n=189)
n % n %
Gender
Female 7405 60.3 57 30.16  <0.001
Male 4874 39.7 132 69.84
Age
18-39 years 3891 31.69 81 4286 <0.001
40-59 years 4750 38.68 70 37.04
>59 years 3638 29.63 38 20.11

Table 2. Distribution of seropositivity according to test
combinations

Seropositive cases (n=189) Test results

96 RB (+), SAT (+)
84 RB (+), SAT (-), CT (+)
6 RB (-), SAT (-), CT (+)
3 RB (-), SAT (+)

RB: Rose bengal test; SAT: Serum agglutination test; CT: Coombs test.

RESULTS

A total of 12,279 RB tests were conducted in the laboratory for
suspected brucellosis between January 2017 and December
2021. Among the patients included in the study, 4,874 (39.7%)
were male, and 7,405 (60.3%) were female. All patients were aged
18 years or older, with ages ranging from 18 to 98 years, and the
mean age was 49.2+16.9 years (Table 1). Of the 12,279 RB tests,
11,998 (97.7%) were negative, and 281 (2.3%) were positive.
Among the positive samples, 96 (0.8%) tested positive for both
RB and SAT, while 185 (1.5%) were RB positive but SAT negative.
Coombs test was performed on samples with discordant RB and
SAT results, showing 101 out of 185 samples as RB positive with
SAT and CT negative. Additionally, 84 samples were RB positive,
SAT negative, and CT positive. In the cohort with negative
RB tests (n=11,998), three positive results were identified
in subsequent SAT tests. Among cases with simultaneously
negative RB and SAT results (n=11,995), clinical suspicion
prompted CT testing in 1,910 cases, with CT yielding positive
results in six instances. In total, 189 cases were determined to
be seropositive for brucellosis (1.5%), while 12,090 cases were
considered seronegative (98.5%) (Tables 2, 3). In the seropositive
cohort, 57 (30.16%) were female, and 132 (69.84%) were male,
indicating a significantly higher seropositivity rate in males
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Table 3. Distribution of seronegativity according to test
combinations

Seronegative cases (n=12090) Test results

12090/10085 RB (-), SAT (-)
101 RB (+), SAT (-), CT (-)
12090/1904 RB (-), SAT (-), CT ()

RB: Rose bengal test; SAT: Serum agglutination test; CT: Coombs test.

Table 4. Distribution of seropositive cases by years and
seasons

Positive Negative p
Seasons
Spring 49 2745 >0.05
Summer 60 3577
Autumn 47 2893
Winter 33 2875
Years
2017 12 2422 <0.001
2018 13 2591
2019 33 2743
2020 42 2260
2021 89 2074
Total 2434/12 2604/13

(n=Applications/Positive)

(p<0.05). Furthermore, a significant difference in seropositivity
was observed across age groups (p<0.05). The distributions by
gender and age groups are detailed in Table 1.

The distribution of relevant tests by years and seasons (March-
April-May: spring, June-July-August: summer, September-
October-November: autumn, December-January-February:
winter) is presented in Table 4. A significant difference in
positivity rates was observed when the results were compared
across years (p<0.05), while no significant difference was
identified between seasons in terms of positivity (p>0.05).
When the years 2017-2019 were grouped as the pre-pandemic
period and 2020-2021 as the pandemic period, a statistically
significant increase in seropositivity was noted during the
pandemic period (p<0.05).

Our region is endemic for Crimean-Congo hemorrhagic fever.
CCHF is considered in the differential diagnosis of brucellosis,
and cases of co-infection have been reported. Therefore, patients
who underwent CCHF polymerase chain reaction (PCR) testing
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Table 5. Crimean-congo hemorrhagic fever (CCHF) co-
occurence in seropositive cases by years

2017 2018 2019 2020 2021 p
CCHF positive 0 1 2 3 6
CCHF negative 0 2 2 5 12 >0.05

were also evaluated. Among the 189 seropositive patients, CCHF
PCR testing was conducted on 33 individuals, and co-positivity
for Brucella and CCHF was identified in 12 cases. No significant
difference in co-infection rates was observed between the pre-
pandemic and pandemic periods (p>0.05) (Table 5).

DISCUSSION

Brucellosis is the most common bacterial zoonotic infection
in our country. While it is more frequently observed in the
Eastern and Southeastern Anatolia regions, it is present in
all regions.® The annual incidence ranges from 0.3 cases
per million in some developed countries to 1,000 cases per
million in endemic areas.’ The incidence of brucellosis varies
regionally within our country.”

A meta-analysis of 51,650 participants in Turkiye (1999-2021)
reported a brucellosis seroprevalence rate of 4.5%.'" In a six-
year study conducted by Celik et al.”? on 4,344 cases in the
Istanbul region, the seropositivity rate was found to be 3%.
Oner et al.”® detected a 1.5% seropositivity rate in their study,
which included 1,624 serum samples from the Tokat region.
Koksal et al.'* screened 467 samples from the Istanbul region
and cases imported from neighboring provinces, identifying
a seropositivity rate of 3.85%. In a four-year study by Taner et
al.,’® 107 out of 6,045 suspected brucellosis cases (1.8%) were
found to be seropositive. Of the 107 Brucella seropositive
cases, 73 (68.2%) tested positive simultaneously with the RB
and SAT, while 34 (31.7%) were determined to be seropositive
based on the CT results due to discordance between RB and
SAT test results. In the present study, CT was also performed
on patients with discordant RB and SAT results, and 47.6% of
all seropositive patients were identified through this method.

In a seroprevalence study conducted by Stimer et al.'® in 2003
with 750 cases in our province using similar test methods, a
seropositivity rate of 3.2% was reported. In another study by
Stimer et al." in 2000, a seropositivity rate of 2.8% was observed
in a screening conducted among restaurant workers in the city
center. A review of the literature reveals that no similar studies
have been conducted in the region in recent years. In this study,
after evaluating the results of 12,279 cases, the seropositivity
rate was found to be 1.5%. CT was performed on the group of
patients with discordant RB and SAT results, detecting 47.6% of
all seropositive patients in this way. The seropositivity rate was
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consistent with the literature but lower than previous studies
conductedin the region.This may suggest that control measures
are proving effective. However, the larger patient cohort in this
study and the limitation of one of the previous studies to the
city center may have contributed to the difference in the results.

In countries with a low incidence of brucellosis, the disease is
reported to be more common among men due to occupational
exposure. In endemic countries, however, no significant gender
difference have been observed.’®?°Kosar et al.”’ found that 64%
of 280 brucellosis cases in their study from Tiirkiye were women,
attributing this the frequent involvement of women in animal
care and dairy product preparation in rural areas. Similarly,
Celik et al.” reported a higher proportion of female cases (55%)
compared to men in their study, though the difference was
not statistically significant. Taner et al.”® also observed a higher
seropositivity rate among women (58%) compared to men
(42%), but no statistically significant difference was reported. In
contrast, Oner et al.” found a higher prevalence of brucellosis
among men and noted a statistically significant difference in
gender distribution. In the current study, the proportion of
men among seropositive cases was significantly higher than
that of women. While brucellosis does not inherently differ by
age or gender, this result may reflect the greater involvement
of men in agriculture and livestock farming.

When examining the seasonal distribution of brucellosis,
most cases occur in the spring and summer months. Gir
et al.” reported that 68% of cases were observed during
these seasons in their study. Buzgan et al.2 noted that the
initial cases were encountered in April and May, when the
consumption of fresh cheese is common. A second epidemic
period was observed in September, when cheese stored
during the spring months began to be consumed. Celik et
al.'? found that brucellosis seropositivity was most common
in the summer, while Altuncekic Yildinm et al.® observed the
highest rates during the spring. Consistent with the literature,
82.5% of seropositive cases in this study were detected in
the spring and summer months. This pattern may reflect the
availability of fresh milk and dairy products in the spring and
their consumption in the subsequent spring and summer.

Brucellosis, with its nonspecific symptoms, has a broad
differential diagnosis. Gl et al.?* reported a case of a patient
living in a rural area who was simultaneously diagnosed
with brucellosis, Coronavirus Disease 2019 (COVID-19), and
Crimean-Congo hemorrhagic fever (CCHF). In this study, when
the pre-pandemicand post-pandemic periods were compared,
seropositivity was significantly higher after the pandemic.
This increase is thought to be related to spending more time
in nature due to social isolation during the pandemic and
changes in dietary habits favoring more natural products.
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Before the pandemic, Duygu et al.”® detected brucellosis in 5.3%
of patients hospitalized with a preliminary diagnosis of CCHF.
The rate of co-infection with brucellosis and CCHF was found to
be 4.16% in the same study. Karakecili et al.?® and Buylktuna et
al.¥ also reported cases of co-infection with brucellosis and CCHF
in endemic regions before the pandemic. During the pandemic,
Erdogdan et al.?® identified both CCHF and brucellosis in a patient
from a non-endemic region. In this study, 33 Brucella seropositive
patients were screened for CCHF, and 12 were found to have co-
infection. No significant difference was observed in the frequency
of co-infections detected before and after the pandemic. These
findings indicate that co-infections have been present both
before and after the pandemic. Given the overlapping and
nonspecific symptoms of these two zoonotic diseases, their
co-occurrence should be considered in both endemic and
non-endemic regions. We believe that raising awareness of co-
infections will enhance the diagnosis and treatment processes
for both diseases and improve clinical practice.

CONCLUSION

In conclusion, brucellosis continues to be a significant disease
of concern. This study evaluated the distribution of brucellosis
by gender, age group, years, and seasons and examined the
effects of key factors such as the pandemic period and co-
infections. Our findings indicate that brucellosis is an infection
influenced by various demographic and seasonal factors,
requiring comprehensive evaluation to enhance the accuracy
of test results. The study highlights the limitations of relying
solely on RB to evaluate seropositivity and emphasizes the
importance of CT as an additional confirmatory tool in such
cases. These findings provide a valuable foundation for future
research and clinical practice. As no similar study has been
conducted recently in our region, this research also contributes
valuable insights into regional data.
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