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Methods: A prospective cohort analysis of 30 brucellosis cases confirmed by both serological
*Corresponding author: testing and compatible clinical manifestations registered in Hamadan Province, Iran (2023—
Sima Kazemi, 2024). Cases were stratified as Relapse-only (R) (16.67%), Complication-only (C) (70%), or

Email: Simakazemi67 @gmail.com Relapse-Complication Syndrome (RC) (13.33%). Multivariate non-parametric analyses compared

demographics, exposures, clinical features, and laboratory parameters.

Results: Males predominated (66.7%), with mean age 48.9+18.9 years. Complication-only
patients were older (51.2 +16.8 vs. 44.4+11.1 inrelapse; P=0.895). Occupational animal contact
(80%) and unpasteurized dairy consumption (40%) were primary risks. Relapse-Complication
Syndrome showed male predominance (75%) and concentrated age distribution (53-62 years).
Musculoskeletal complications dominated (40% arthritis, 40% spondylitis), disproportionately
affecting lumbar vertebrae (80%). Symptomatically, generalized pain (93.3%), fatigue (83.3%),
and back pain (73.3%) were ubiquitous, while fever discriminated Relapse-Complication
Syndrome (75% vs. 47.6% in complications; P=0.560). Serology (Wright=1:80 in 90%) and
inflammatory markers (ESR>50mm/hr in 32%) showed no syndromic discrimination. Novel
incidence patterns emerged: highest relapse in Famenin males (35.71/1000), complications in
Tuyserkan males (57.14/1000), and Relapse-Complication in Bahar females (45.45/1000).
Conclusion: This registry-based syndromic stratification identifies distinct epidemiological
phenotypes. The high complication burden despite treatment, geographic clustering, and
dissociation between serology and clinical severity demand revised surveillance protocols and
targeted prevention in agricultural communities.
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Introduction species of Brucella can infect livestock such as cattle,
Brucella is a genus of small, Gram-negative bacteria that sheep, goats, and pigs, and some of them are able to cause
live primarily inside the cells of animals (1). Several disease in humans (2). The illness they produce, known
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as brucellosis, is a zoonotic infection meaning it can be
transmitted from animals to people. Brucella bacteria are
well adapted to survive in animal tissues and can persist
for long periods in certain environments, making control
of the disease challenging. Brucellosis occurs in many
parts of the world, but its prevalence is highest in regions
where livestock vaccination programs are incomplete or
food safety measures are insufficient (2). Countries in the
Mediterranean basin, the Middle East, parts of Africa,
South America, and Asia continue to report significant
numbers of cases each year (3).

Iran reporting endemic transmission (incidence:
26.5/100,000). InIran, brucellosisis considered an endemic
disease, affecting both rural and semi-rural populations
(4). Among Iranian provinces, Hamadan has been
repeatedly identified as one of the areas with a relatively
high incidence, largely due to its agricultural activities,
high density of small ruminants, and cultural practices
surrounding animal husbandry and dairy consumption
(5). Humans typically acquire brucellosis through direct
contact with infected animals or animal products (6). The
most common route is ingestion of unpasteurized milk or
fresh dairy products such as cheese made from infected
animals. Brucella can also enter the body through cuts
or abrasions in the skin during the handling of animal
carcasses, placentas, or other contaminated materials.
Inhalation of airborne bacteria, especially in abattoirs or
laboratories, is another recognized route of transmission.
Person-to-person spread is extremely rare (7, 8). The
effects of brucellosis extend beyond human health, placing
a considerable economic burden on affected regions. In
livestock, the disease causes reproductive problems such
as abortions, stillbirths, and reduced fertility, leading to
lower herd productivity (9). These losses reduce farmers’
incomes and, on a national scale, decrease the supply
of meat and dairy products. Governments also face
significant costs related to diagnosis, treatment, public
health campaigns, and livestock vaccination programs.
In endemic areas, brucellosis can slow the growth of the
agricultural sector, indirectly influencing food prices and
rural economic stability (10).

The Hamadan Brucellosis Registry, established in one of
Iran’s leading livestock-producing regions, offers valuable
insightsinto existingknowledge gaps. This studyintroduces
a novel syndromic framework comprising Relapse-only,
Complication-only, and Relapse-Complication Syndrome
to characterize demographic and exposure determinants,
define clinical and laboratory phenotypes, and map
geographic heterogeneity in incidence. We propose that
susceptibility to complications arises from the combined
effects of treatment adherence, host-specific factors, and
pathogen-related virulence.

Materials and Methods

This prospective cohort analysis, conducted between 2023
and 2024, draws on data from the Hamadan Provincial
Brucellosis Registry, which encompasses residents across
nine counties. A confirmed case was defined as the
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presence of compatible clinical symptoms together with
a Wright agglutination titer of at least 1:160 (11-13).
Relapse was defined as the reappearance of symptoms
accompanied by seroconversion after documented
clinical cure, while complications were identified as focal
organ involvement such as articular, neurological, or
genitourinary manifestations verified through imaging
or biopsy. Patients were further stratified into three
syndromic groups: Group R, representing relapse without
complications; Group C, representing complications
without a prior history of relapse; and Group RC,
representing concurrent relapse and complications. Data
collection followed a standardized protocol and included
demographic information, occupation, and place of
residence, as well as detailed clinical features, the type of
complications observed, serologic test results (Wright,
2ME, Coombs Wright), inflammatory markers such as
ESR and CRP, and a complete treatment history.

Statistical Analysis

Non-parametric methods (Mann-Whitney U, Kruskal-
Wallis) compared continuous variables; Fisher’s exact test
analyzed categorical data. Incidence rates calculated per
100,000 population using 2024 census data. Significance:
P<0.05. Analyses used Stata 17.0.

Ethical Approval
Hamadan University of Medical
Committee (IR HUMS.REC.1403.057).

Sciences Ethics

Results

Demographic and Age Characteristics of Brucellosis
Cases

During the study period (2023-2024), a total of 30 cases
of brucellosis registered by in the software. The cohort
demonstrated a clear male predominance, comprising 20
men (66.7%) and 10 women (33.3%). Patient ages ranged
from 16 to 77 years, with an overall mean of 48.90+18.90
years. Among males, the age range was 16-77 years with a
mean age of 48.75+ 15.19 years and a mean rank of 16.65.
Female patients were aged 31-70 years, with a mean age
of 49.20 £11.40 years and a mean rank of 15.20. Statistical
analysis using the Mann-Whitney U test revealed no
significant age difference between sexes (P=0.895,
U=97.00), with a negligible effect size (r=0.03).

Of the 30 registered patients, 5 patients had recurrence
(16.67%), 21 patients had complications (70.00%), and 4
patients had both recurrence and complications (13.33%).
(Table 1)

Age Distribution of Brucellosis Patients with Recurrence,
Complications, or Both Recurrence and Complications,
by Sex.

Based on the results of the Kruskal-Wallis test, no
significant difference was observed in the age of patients
with recurrence, complications, or both recurrence and
complications among men (P-value=0.560). The age
range of men with complications (16-77 years) was wider
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compared to men with recurrence (19-50 years) and both
recurrence and complications (58-62 years). Men with
both recurrence and complications had a narrower age
range compared to the other two patient groups.

In men, the mean rank of age in patients with recurrence,
complications, and both recurrence and complications
increased (8.00, 10.23, and 13.50, respectively), indicating
a higher age range in the group with both recurrence and
complications compared to those with only complications
or only recurrence.

Based on the results of the Kruskal-Wallis test, no
significant difference was observed in the age of patients
with recurrence, complications, or both recurrence and
complications among women (P-value=0.715). The
age range in women with recurrence (31-60 years) and
complications (37-70 years) was not available for those
with both conditions. (Table 2)

In women, the mean rank of age in the group
with both recurrence and complications was higher
compared to those with only complications or only
recurrence, indicating that patients with both recurrence
and complications were older than those with only
complications or only recurrence.

When comparing the age range of patients with final
diagnoses between women and men, the age distribution
was wider in men than in women. The minimum age in
the group with both recurrence and complications was
lower in men compared to women. The mean rank of age
in the male group was higher than in the female group,
indicating that the age of onset was higher in women
compared to men.

No significant difference was observed in the age
distributionofpatientsacrosstherecurrence,complications,
and both recurrence and complications groups.

Demographic and Geographic Patterns of Brucellosis

Table 1. Comparison of age distribution by sex

Sex Male Female Total
Frequency 20 10 30

Age Range (years) 16-77 31-70 16-77
Mean Age+SD (years)  48.75+15.19  49.20+£11.40 48.90+16.75
Mean Rank 16.65 15.20 -
Mann-Whitney U 97.00%**

P-value 0.895%**

***Non-parametric Kruskal-Wallis test

Abdoli et al

Recurrence and Complications

Among patients with recurrence, women (60%) had
a higher frequency compared to men, while among
those with recurrence and complication, men had a
higher frequency compared to women (71.4% and 75%,
respectively). In patients with recurrence, the highest
frequency was observed in the 30-39-year age group
(40.00%), whereas in patients with complications, the
highest frequency occurred in the 70-79 and 50-59-
year age groups (19.04% each). Among those with both
recurrence and complication, half of the patients were in
the 50-59-year age group and the other half in the 60-69-
year age group. Overall, the highest frequency was in the
50-59-year age group (23.33%), and the lowest frequency
was in the 10-19-year age group (6.67%).

Among patients with recurrence, the highest frequency
was in rural residents (80.00% and 76.19%, respectively),
while in patients with both recurrence and complication,
the frequencies were equal between urban and rural
residents. Among all registered patients, rural residents
(73.33%) had a higher frequency compared to urban
residents.

In patients with recurrence, the cities of Razan,
Kabudarahang, Famenin, and Nahavand each had
an equal distribution of one case. Among patients
with complications, the highest frequency was from
Kabudarahang and Razan, with 5 cases (23.81%), while
50% of patients with both recurrence and complication
were from Asadabad, which had the highest frequency in
this group. Overall, the highest frequency (20%) belonged
to the cities of Razan and Kabudarahang. (Table 3)

Distribution of High-Risk Behaviors Based on Disease
Status

The findings of this study revealed that among the
30 patients studied, 21 (70.00%) had complications, 5
(16.67%) had a relapse, and 4 (13.33%) experienced both
relapse and complication.

Regarding occupational distribution, housewives
(37.50%) had the highest frequency in the relapse group,
while livestock farmers had the highest frequency in both
the complication (50.00%) and relapse & complication
(75.00%) groups.

The study indicated a significant association between
contact with livestock and the disease, as 80% of all
patients reported a history of contact. This rate was
80.00%, 80.95%, and 75.00% in the relapse, complication,

Table 2. The age distribution of brucellosis patients with recurrence, complication, and both recurrence and complication, by sex.

sex Final Diagnosis N Min Age Max Age Mean Rank P-value
Relapse 2 19 50 8.00

Male Complication 15 16 77 10.23 0.560
Relapse & Complication 3 58 62 13.50
Relapse 3 31 60 433

Female Complication 6 37 70 5.92 0.715
Relapse & Complication 1 53 6.50

***Non-parametric Kruskal-Wallis test
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complication.
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Table 3. The frequency distribution of demographic characteristics in patients with brucellosis presenting with recurrence, complication, and both recurrence and

Complication
Frequency (%)

Recurrence & Complication
Frequency (%)

Total Frequency (%)

Variable FrEZZ::s;E;o)
Final Diagnosis 5(16.67)
Yes 0(0)
Pregnancy No 3 (100)
Total 3 (100)
Male 2 (40)
Gender Female 3 (60)
Total 5 (100)
10-19 0(0)
20-29 0(0)
30-39 2 (40.00)
40-49 1(20.00)
50-59 1(20.00)
Age Group (years) 60-69 1(20.00)
70-79 0(0)
80-89 0(0)
Range 31-60
Mean (SD) 44.40 (11.05)
Mean Rank 12.20
Urban 1(20.00)
Place of Residence Rural 4 (80.00)
Total 5 (100)
Asadabad 0 (0)
Bahar 0(0)
Tuyserkan 0(0)
Razan 1 (20.00)
Kabudarahang 1 (20.00)
County of Residence Famenin 1 (20.00)
Malayer 1 (20.00)
Nahavand 0 (0)
Hamadan 0 (0)
Outside Hamadan Province 1 (20.00)
Total 5 (100

21 (70.00) 4(13.33) 30 (100)
0(0) 0 (0) 0(0)

6 (100) 1(100) 10 (100)
6 (100) 1(100) 10 (100)
15 (71.4) 3 (75.00) 20 (66.6)
6 (28.6) 1(25.00) 10 (33.3)
21 (100) 4 (100) 30 (100)
2(9.52) 0(0) 2(6.67)
2(9.52) 0(0) 2(6.67)
3(14.29) 0(0) 5(16.67)
3(14.29) 0(0) 4(13.33)
4(19.40) 2 (50.00) 7 (23.33)
3(14.29) 2 (50.00) 6 (20.00)
4 (19.04) 0(0) 4 (13.33)
0(0) 0(0) 0(0)
16-77 53-62 16-77

48.19(18.90) 58.25 (3.86)
15.26 20.88
P-value: 0.331
5(23.81) 2 (40.00) 8(26.67)
16 (76.19) 2 (40.00) 22(73.33)
21 (100) 4 (100) 30 (100)
0(0) 2 (50.00) 2 (6.7)
2 (9.52) 1(25.00) 3 (10.00)
3(14.29) 1(25.00) 4(13.3)
5(23.81) 0(0) 6(20.00)
5(23.81) 0(0) 6(20.00)
0(0) 0 (0) 13.3)
0 (0) 0(0) 1(3.3)
1(4.76) 0(0) 1(3.3)
4 (19.05) 0(0) 4(13.3)
1(4.76) 0(0) 2(6.7)
21 (100) 4 (100) 30 (100)

***Non-parametric Kruskal-Wallis test

and relapse & complication groups, respectively.
Furthermore, 40% of all patients consumed
unpasteurized local dairy products, with the highest
frequency of consumption (47.62%) observed in the
complication group. Among the local dairy products,
local milk (91.67%) and local cheese (41.67%) were the
most commonly consumed by the patients. (Table 4)

History of Brucellosis Infection and Treatment in Patients
with Relapse and Complications

The analysis of the patients’ history of brucellosis revealed
that all patients in the relapse group (100%) and half
of the patients (50.00%) in the relapse & complication
group had a previous history of brucellosis. Overall,
a history of brucellosis was reported in 40.00% of the

registered patients.

Among those with a history of previous infection, the
vast majority (83.33%) had experienced the disease once,
while 16.67% had been infected twice.

Regarding treatment status at the time of registration,
33.33% of all patients were under treatment for brucellosis.
The highest frequency of patients undergoing treatment
was observed in the relapse & complication group
(75.00%). (Table 5)

Frequency and Distribution of Clinical Symptoms in
Patients with Relapse, Complication, and Relapse with
Complication

In the examination of clinical symptoms, generalized
body pain, fatigue, and back pain were the most frequent

Avicenna J Clin Microbiol Infect 2026;13(2) | 99



Abdoli et al

Table 4. Distribution of High-Risk Behaviors in Patients with Relapse, Complication, and Relapse & Complication of Brucellosis

Variable

Relapse Frequency

Complication

Relapse & Complication

Total Frequency (%)

(%) Frequency (%) Frequency (%)
Final Diagnosis 5(16.67) 21 (70) 4(13.33) 30 (100)
Farmer 1(12.50) 1(5.00) 0(0) 2 (6.90)
Livestock Farmer 1(20.00) 10 (50.00) 3 (75.00) 14 (48.28)
Butcher 0(0) 0(0) 0(0) 0(0)
Slaughterhouse Worker 0 (0) 1 (5.00) 0 (0) 1(3.45)
Occupation
Vaccinator/Veterinarian 0(0) 0(0) 0(0) 0(0)
Housewife 3(37.50) 5(25.00) 0(0) 8(27.59)
Other 0(0) 3 (15.00) 1(25.00) 4(13.79)
Total 5 (100) 20(100) 4 (100) 29 (100)
Yes 4 (80.00) 17 (80.95) 3 (75.00) 24 (80.00)
Contact with Livestock No 1(20.00) (05/19)4 1(25.00) 6 (20.00)
Total 5 (100) 21 (100) 4 (100) 30 (100)
Yes 1(20.00) (62/47)10 1(25.00) 12 (40.00)
Use of Local Dairy No 4 (80.00) (38/52)11 3 (75.00) 18 (60.00)
Total 5 (100) 21 (100) 4 (100) 30 (100)
Yes 0(0) 0(0) 0 (0) 0(0)
Subtypes of Local Dairy 1(100) 10(100) 10 12 (100)
(Cream (Sarshir)
Total 1(100) 10 (100) 0(0) 12 (100)
Yes 1(50.00) 9 (90.00) 1(25.00) 11 (91.67)
Milk No 0(0) 1(10.00) 0(0) 1(8.33)
Total 1(100) 10 (100) 1(100) 12 (100)
Yes 0(0) 0(0) 0(0) 0(0)
Traditional Ice Cream No 1(100) 10 (100) 1(100) 12 (100)
Total 1 (100) 10 (100) 1 (100) 12 (100)
Yes 0(0) 5 (50.00) 0(0) 5 (41.67)
Cheese No 1(100) 5 (50.00) 1(100) 7 (48.33)
Total 1(100) 10 (100) 1(100) 12 (100)
Yes 0(0) 0 (0) 0(0) 0(0)
Traditional Cream No 1(100) 10 (100) 1(100) 12 (100)
Total 1(100) 10 (100) 1(100) 12 (100)

*The assumptions of the chi-square test are not met.

Table 5. Distribution of relapse, complication, and relapse & complication based on the history of brucellosis infection

Variable

Relapse Frequency (%)

Complication Frequency (%)

Relapse & Complication Frequency (%)

Total Frequency (%)

Final Diagnosis
History of Brucellosis
Yes
No

Total

5(16.67)

5 (100)
0(0)
5 (100)

Number of Brucellosis Episodes

1 time
2 times

Total

5 (100)
0(0)
5 (100)

Under Treatment for Brucellosis

Yes
No

Total

3 (60.00)
2 (40.00)
5 (100)

21 (70.00)

5(23.81)
16 (76.19)
21 (100)

3 (60.00)
2 (40.00)
5(100)

4(19.05)
17 (80.95)
21 (100)

4(13.33)

2 (50.00)
2 (50.00)
4 (100)

2 (50.00)
0(0)
2 (100)

3 (75.00)
1(25.00)
4 (100)

30 (100)

12 (40.00)
18 (60.00)
30 (100)

10 (83.33)
2 (16.67)
12 (100)

10(33.33)
20 (66.67)
30 (100)

*The assumptions of the chi-square test are not met.
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Table 6. Frequency distribution of relapse, complication, and relapse & complication of brucellosis according to clinical symptoms

Clinical Symptom Relapse Frequency (%)  Complication Frequency (%) Relapse & Complication Frequency (%) Total Frequency (%)

Final Diagnosis 5(16.67) 21 (70.00) 4(13.33) 30 (100)
Fever

Yes 3 (60.00) 10 (47.62) 3 (75.00) 16 (53.33)

No 2 (40.00) 11(52.38) 1(25.00) 14 (46.67)

Total 5 (100) 21 (100) 4 (100) 30 (100)
Chills

Yes 3 (60.00) 7(33.33) 2 (50.00) 12 (40.00)

No 2 (40.00) 17 (80.95) 2 (50.00) 18 (60.00)

Total 5 (100) 21 (100) 4 (100) 30 (100)
Fatigue

Yes 5 (100) 16 (76.19) 4 (100) 25(83.33)

No 0(0) 5(23.81) 0(0) 5(16.67)

Total 5 (100) 21 (100) 4 (100) 30 (100)
Sweating

Yes 0(0) 8 (38.10) 0(0) 8 (26.67)

No 5 (100) 13 (61.90) 4 (100) 22 (73.33)

Total 5 (100) 21 (100) 4 (100) 30 (100)
Weight Loss

Yes 0(0) 4 (19.05) 1(25.00) 5(16.67)

No 5 (100) 17 (80.95) 3 (75.00) 25(83.33)

Total 5 (100) 21 (100) 4 (100) 30 (100)
Anorexia

Yes 3 (60.00) 6(28.57) 3 (75.00) 12 (40.00)

No 2 (40.00) 15(71.43) 1(25.00) 18 (60.00)

Total 5 (100) 21 (100) 4 (100) 30 (100)
Headache

Yes 2 (40.00) 1(4.76) 1(25.00) 4(13.33)

No 3 (60.00) 20(95.24) 3 (75.00) 26 (86.67)

Total 5 (100) 21 (100) 4 (100) 30 (100)
Generalized body pain

Yes 5 (100) 19 (90.48) 4 (100) 28 (93.33)

No 0(0) 2(9.52) 0(0) 2 (6.67)

Total 5 (100) 21 (100) 4 (100) 30 (100)
Back pain

Yes 5 (100) 13 (61.90) 4 (100) 22 (73.33)

No 0(0) 8 (38.10) 0(0) 8(26.67)

Total 5 (100) 21 (100) 4 (100) 30 (100)
Arthralgia (Joint pain)

Yes 1(20.00) 14 (66.67) 3 (75.00) 18 (60.00)

No 4 (80.00) 7(33.33) 1(25.00) 12 (40.00)

Total 5 (100) 21 (100) 4 (100) 30 (100)
Abdominal pain

Yes 0(0) 0(0) 00 0(0)

No 5 (100) 21 (100) 4 (100) 30 (100)

Total 5 (100) 21 (100) 4 (100) 30 (100)
Testicular pain (Men)

Yes 0(0) 3(20.00) 1(33.33) 4 (20.00)

No 2 (100) 12 (80.00) 2 (66.67) 16 (80.00)

Total 2 (100) 15 (100) 3 (100) 20 (100)
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Table 6. Continued.
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Clinical Symptom Relapse Frequency (%)

Complication Frequency (%)

Relapse & Complication Frequency (%) Total Frequency (%)

Cough
Yes 1(20.00) 0(0)
No 4 (80.00) 21 (100)
Total 5 (100) 21 (100)
Behavioral disorders
Yes 0(0) 0(0)
No 5 (100) 21 (100)
Total 5 (100) 21 (100)

0(0) 1(3.33)
4 (100) 29 (96.67)
4 (100) 30 (100)

0(0) 0(0)

4 (100) 30 (100)
4 (100) 30 (100)

*The assumptions of the chi-square test are not met.

overall, with prevalence rates of 93.33%, 83.33%, and
73.33%, respectively. Conversely, abdominal pain and
behavioral disorders had the lowest frequency (0%).

Among patients with relapse, fatigue, generalized body
pain, and back pain were the most common symptoms, each
with a frequency of 100%. In patients with complications,
generalized body pain (90.48%) and fatigue (76.19%)
were the most prevalent. For patients experiencing both
relapse and complication, fatigue, generalized body pain,
and fever were the most frequent symptoms, with rates of
100%, 100%, and 75%, respectively. (Table 6)

Correlation of Initial Symptom Duration with Subsequent
Relapse and Complications

In patients with relapse, the number of days from
symptom onset was greater than in the other two groups.
The mean rank in all three groups of patients was close
to the minimum value of the range, indicating that the
concentration of the number of days affected is focused
within short-term periods. (Table 7)

Distribution of Physical Examination Findings in
Patients with Relapse, Complication, and Relapse with
Complication

Joint swelling and vertebral tenderness had the highest
frequency (23.33%). Lymphadenopathy, hepatomegaly,
splenomegaly, rash, and jaundice were not observed in
any of the patients. (Table 8)

Types and Frequency of Specific Complications in
Brucellosis Patients
Arthritis and spondylitis were the most frequent
complications investigated (40.00%). Among patients
with arthritis, all had knee arthritis, and 80% of patients
with spondylitis had lumbar spondylitis.
Endocarditis (involved valve),
pyelonephritis, abdominal abscesses (liver, spleen), acute
psychosis, chronic brucellosis, cerebral or peripheral
vascular thrombosis, and hepatitis were not observed
in any of the patients. No significant difference was
found in the incidence of complications between
patients with complication and those with relapse &
complication. (Table 9)

pneumonia,

3.10. Comparative Analysis of Laboratory Parameters
in Brucellosis Patients with Relapse, Complication, and
Relapse with Complication

In the diagnostic tests for brucellosis (Wright and Coombs
Wright), at least 80% of patients had a titer of 1:80 for the
Wright test and 50% for the Coombs Wright test across
all groups diagnosed with relapse, complication, and
relapse & complication. For the 2ME diagnostic test, 60%
of patients with relapse had a titer less than 1:80, while
71.43% and 75% had a titer above 1:80 in the complication
and relapse & complication groups, respectively.

The highest frequency of ESR test results fell within the
20-50 range. At least 75% of patients in each group had
an ESR value below 100. The range of values for this test
was 7-115. The range for patients with relapse was 11-50,
which was narrower compared to the other two groups.

CRP was positive in 61.11% of cases, with the highest
frequency of positive tests observed in patients with
complications (80%). The range of CRP values was 1-65,
with a shorter range observed in the complication group.

Over 96% of WBC test results fell between 4,000 and
10,000. The range of WBC values was 4,300-10,600, with
patients in the relapse group exhibiting higher values
compared to the other two groups.

60% of patients were anemic. The frequency of anemia
was higher in patients diagnosed with relapse (80%)
compared to the other two groups.

The mean rank for the AST liver test was lower in
patients with complications (12.34) compared to the other
two groups (17.90 for relapse and 18.00 for relapse &
complication), indicating lower AST levels in this group
of patients.

The mean rank for the ALT liver test was higher in
patients with relapse (16.20) compared to the other two
groups (13.42 for complications and 14.00 for relapse &
complication), indicating higher ALT levels in this group
of patients.

The mean ranks for the ALKP liver test in patients with
relapse, complications, and relapse & complication were
7.50, 11.27, and 18.00, respectively, indicating the lowest,
higher, and highest levels in these groups.

No statistically significant differences were observed in
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Table 7. Distribution of Relapse, Complication, and Relapse with Complication based on the Duration of Symptom Onset

Relapse Frequency (%) Complication Frequency (%)

Relapse & Complication Frequency (%) Total Frequency (%)

5(16.67) 21 (70.00)
Minimum 20 7
Maximum 4380 365
Mean (SD) 912.00 (1939.03) 64.14 (78.96)
Mean Rank 17.70 15.50
ok P-value=0.700

4(13.33) 30 (100)
12 7
90 4380
38.00 (35.44) 201.96 (792.09)
12.75

Chi-square=0.713

***Non-parametric Kruskal-Wallis test

any of the tests among patients with relapse, complication,
and relapse & complication. (Table 10)

3.11. Geographic and Gender-Based Variation in the
Incidence of Relapse and Complications of Brucellosis
The highest incidence of relapse was in men from Famenin
County (35.71 per thousand). The highest frequency of
complication was in men from Tuyserkan County (57.14
per thousand). The highest frequency of relapse with
complication was in women from Bahar County (45.45
per thousand). (Table 11)

4. Discussion:

This prospective registry-based cohort study from
Western Iran provides a novel syndromic stratification
of human brucellosis, delineating the epidemiological,
clinical, and geographical characteristics of Relapse-only
(R), Complication-only (C), and Relapse-Complication
Syndrome (RC) groups. Our findings reveal critical
insights that align with, yet also challenge, existing
literature on brucellosis in both endemic and non-endemic
regions. The significant male predominance (66.7%) and
high rate of occupational exposure (80%) observed in our
cohort are consistent with previous studies from Iran and
other endemic regions. Keramat et al. similarly identified
male gender and livestock contact as major risk factors
in brucellosis transmission in Iran (14) while a global
meta-analysis confirmed these patterns across multiple
endemic countries (15).The mean age of our cohort (48.9
years) is notably higher than that reported in studies from
Mediterranean countries where younger populations are
typically affected (16). This finding possibly reflects an
aging agricultural workforce in Hamadan province and
aligns with reports from other Middle Eastern countries
experiencing similar demographic shifts (17). The high
complication burden (83.33% of our cohort) represents
a particularly alarming finding. This rate exceeds those
reported in many previous studies, including earlier
reviews of brucellosis complications in Iran (18) and the
60-70% rates reported from other endemic regions (19).
The musculoskeletal predominance (40% arthritis, 40%
spondylitis) with a strong lumbar spine preference (80% of

spondylitis cases) aligns with the well-established tropism
of Brucella species for the axial skeleton. This pattern is
consistent with international reports (20) (21), though
our higher spondylitis rates may reflect differences in
diagnostic intensity or strain virulence. A particularly
intriguing finding was the demographic pattern of the
Relapse-Complication Syndrome (RC) group, which
showed a concentrated age distribution (53-62 years)
and high male predominance (75%). This pattern differs
from the more uniform relapse demographics reported by
Hashemi et al. in the same region (22) and contrasts with
international reports (23) .Thedistinct clinical presentation
of this group, characterized by universal fatigue and
generalized pain with high fever rates (75%), suggests
a potentially different pathophysiological mechanism
that merits specific attention. The higher proportion of
females in the relapse-only group (60%) compared to the
complication-only group (28.6%), though not statistically
significant, presents an interesting paradox. This pattern
may reflect gender-specific differences in healthcare-
seeking behavior, treatment adherence, or immunological
responses. These findings partially align with analyses
from Turkey by Buzgan et al. (24) but contrast with
reports from Peru (25), highlighting the importance of
regional and cultural factors. The persistent high rate of
unpasteurized dairy consumption (40%) despite extensive
public health campaigns underscores the deep-rooted
cultural practices in the region, a challenge consistent
with reports from traditional societies in Mexico (26)
and Kenya (27).However, the equally important role of
occupational exposure (80% of cases) reinforces the need
for combined agricultural and public health interventions.
Perhaps our most significant finding is the profound
dissociation between serological titers and clinical
severity. The uniform elevation of Wright titers (=1:80
in 90% of cases) across all clinical syndromes challenges
the conventional wisdom of using serological cutoffs as
severity markers. This finding contradicts some earlier
studies but aligns with the growing body of evidence,
including work by Araj etal.(28) from Lebanon and Mantur
et al. from India (29), suggesting that antibody titers may
reflect exposure history rather than disease activity. The
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Table 8. Distribution of Relapse, Complication, and Relapse with Complication based on Clinical Findings

Clinical Findings Relapse Frequency (%) Complication Frequency (%) Relapse & Complication Frequency (%) Total Frequency (%)

5(16.67) 21 (70.00) 4(13.33) 30 (100)

Joint Swelling

Present 0(0) 7(33.33) 0(0) 7(23.33)
Absent 5 (100) 14 (66.67) 4 (100) 23 (76.67)
Total 5(100) 21 (100) 4 (100) 30 (100)

Splenomegaly

Present 0 (0) 0(0) 0(0) 0(0)
Absent 5 (100) 21 (100) 4 (100) 30 (100)
Total 5 (100) 21 (100) 4 (100) 30 (100)

Vertebral Tenderness

Present 0(0) 7 (33.33) 0(0) 7(23.33)
Absent 5 (100) 14 (66.67) 4 (100) 23 (76.67)
Total 5 (100) 21 (100) 4 (100) 30 (100)

Orchitis (in males)

Present 0(0) 3 (20.00) 0(0) 3 (15.00)
Absent 2 (100) 12 (80.00) 3 (100) 17 (85.00)
Total 2 (100) 15 (100) 3 (100) 20 (100)
*
Rash
Present 0(0) 0(0) 0(0) 0(0)
Absent 5(100) 21 (100) 4 (100) 30 (100)
Total 5(100) 21 (100) 4 (100) 30 (100)
*
Lymphadenopathy
Present 0(0) 0(0) 0(0) 0(0)
Absent 5 (100) 21 (100) 4 (100) 30 (100)
Total 5 (100) 21 (100) 4 (100) 30 (100)

Hepatomegaly

Present 0(0) 0(0) 0(0) 0(0)
Absent 5 (100) 21 (100) 4 (100) 30 (100)
Total 5 (100) 21 (100) 4 (100) 30 (100)
*
Jaundice
Present 0(0) 0(0) 0(0) 0(0)
Absent 5(100) 21 (100) 4 (100) 30 (100)
Total 5 (100) 21 (100) 4 (100) 30 (100)

*The assumptions of the chi-square test are not met.
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Table 9. Frequency Distribution of Patients with Complication and Relapse & Table 9. Continued.
Complication of Brucellosis by Type of Complication

Complication Relapse & Total
L Relapse & Total Final Diagnosis p Complication Frequency
. . . Complication .. Frequency (%)
Final Diagnosis o Complication Frequency Frequency (%) (%)
Frequency (%) o, o
Frequency (%) (%) .
Spondylitis
21 (84.00 4 (16.00 25 (100
( ) ( ) (100) Present 8(38.10) 2 (50.00) 10 (40.00)
Asthriti
rthritis Absent 13 (61.90) 2 (50.00) 15 (60.00)
Present 8(38.10) 2 (50.00) 10 (40.00) Total 21 (100) 4(100) 25 (100)
Absent 13 (61.90) 2 (50.00) 15 (60.00) - P value=0.532
Total 21 (100) 4 (100) 25 (100) Spondylitis (Cervical)
*%k -
Pvalue=0.532 Present 00 0(0) 0(0)
Knee Absent 8 (100) 2 (100) 10 (100)
Present 8 (100) 2(100) 10 (100) Total 8 (100) 2 (100) 10 (100)
Absent 0 (0) 0(0) 0(0) *
Total 8 (100) 2 (100) 10 (100) Spondylitis (Thoracic)
’ Present 3 (37.50) 0 (0) 3 (30.00)
Hip Absent 5 (62.50) 2 (100) 7 (70.00)
Present 0 00 00 Total 8 (100) 2 (100) 10 (100)
Absent 8 (100) 2 (100) 10 (100) %
Total 8 (100) 2 (100) 10 (100) Spondylitis (Lumbar)
i Present 6 (75.00) 2 (100) 8 (80.00)
Sluouets Absent 2 (25.00) 000 2 (20.00)
Present 0 (0) 0(0) 0 (0) Total 8 (100) 2(100) 10 (100)
Absent 8 (100) 2 (100) 10 (100) %
Total 8 (100) 2(100) 10 (100) sl (Gaael)
. Present 2 (25.00) 0(0) 2 (20.00)
wrist Absent 6 (75.00) 2 (100) 8 (80.00)
Present 0 00 0(0) Total 8 (100) 2 (100) 10 (100)
Absent 8 (100) 2 (100) 10 (100) *
Total 8(100) 2 (100) 10 (100) Endocarditis (Involved
* Valve)
Ankle Present 0(0) 0(0) 0(0)
Present 0(0) 1 (50.00) 1(10.00) Absent 21 (100) 4 (100) 25 (100)
Absent 8 (100) 1 (50.00) 9 (90.00) Total 21 (100) 4(100) 25(100)
Total 8(100) 2 (100) 10 (100) :
* Epididymo-orchitis
(Males only)
Elbow
Present 3 (20.00) 0 (0) 3(16.67)
Present 0(0) 0 (0) 0(0)
Absent 12 (80.00) 3 (100) 15 (83.33)
Absent 8 (100) 2 (100) 10 (100)
Total 15 (100) 3 (100) 18 (100)
Total 8 (100) 2 (100) 10 (100) .
*
Testicular Abscess
Sacroiliitis (Males only)
Present 2(9.52) 0(0) 2 (8.00) Present 1(6.67) 1(33.33) 2(11.11)
Absent 19 (90.48) 4 (100) 23 (92.00) Absent 14 (93.33) 2 (66.67) 16 (88.89)
Total 21 (100) 4 (100) 25 (100) Total 15 (100) 3 (100) 18 (100)
o P value=1.00 o P value=0.31
Sacroiliitis Neurobrucellosis
Unilateral 1 (50.00) 0(0) 1 (50.00) Present 1(4.76) 1(25.00) 2 (8.00)
Bilateral 1 (50.00) 0(0) 1 (50.00) Absent 20 (95.24) 3 (75.00) 23 (92.00)
Total 2 (100) 0 (0) 2 (100) Total 21 (100) 4 (100) 25 (100)
* H* P value=0.30
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A Relapse & Total

Final Diagnosis Ff::::;:i?,“(g/:) Complication Frequency

Frequency (%) (%)

Pneumonia

Present 0(0) 0(0) 00

Absent 21 (100) 4 (100) 25 (100)

Total 21 (100) 4 (100) 25 (100)
*

Pyelonephritis

Present 0(0) 0(0) 00

Absent 21 (100) 4 (100) 25 (100)

Total 21 (100) 4 (100) 25 (100)
*

Abdominal Abscess

(Liver, Spleen)

Present 0(0) 0(0) 0(0)

Absent 21 (100) 4 (100) 25 (100)

Total 21 (100) 4 (100) 25 (100)
*

Acute Psychosis

Present 0 (0) 0(0) 0(0)

Absent 21 (100) 4 (100) 25 (100)

Total 21 (100) 4 (100) 25 (100)
*

Chronic Brucellosis

Present 0(0) 0 (0) 00

Absent 21 (100) 4 (100) 25 (100)

Total 21 (100) 4 (100) 25 (100)
*

Cerebral or Peripheral Vascular Thrombosis

Present 0(0) 0(0) 0(0)

Absent 21 (100) 4 (100) 25 (100)

Total 21 (100) 4 (100) 25 (100)
*

Hepatitis

Present 0(0) 0(0) 0(0)

Absent 21 (100) 4 (100) 25 (100)

Total 21 (100) 4 (100) 25 (100)

*

*The assumptions of the chi-square test are not met.

superior performance of CRP in discriminating active
disease supports the evolving paradigm toward using
acute phase reactants for monitoring, as proposed in
international guidelines (30). The geospatial analysis
revealed distinct incidence hotspots that correspond to
previously mapped agricultural patterns (31) and provide
unprecedented granularity for targeting interventions.

Abdoli et al

The specific clustering of relapse cases in Famenin,
complications in Tuyserkan, and RC syndrome in Bahar
suggests local variations in circulating strains, veterinary
control measures, or healthcare access. Such spatial
heterogeneity has been recognized as crucial for control,
as demonstrated in studies from China by Liang et al.
(32) and Argentina by Samartino et al. (33) . The high
rate of treatment failure and complication development
despite appropriate therapy (33.33% of patients were
under treatment at registration) raises important
questions about current therapeutic protocols. This
tinding resonates with concerns raised by prior research
(34) regarding the adequacy of standard regimens. The
particularly high treatment rate in the RC group (75%)
suggests either more severe disease requiring prolonged
therapy or possible development of secondary resistance,
a phenomenon previously documented in relapsed
cases (35). Several limitations warrant acknowledgment.
The modest sample size, for which no a priori power
calculation was performed, limits subgroup analyses
and the statistical power to detect significant differences;
consequently, the numerous non-significant P-values
should be interpreted with caution as potential Type II
errors. The absence of microbial genotyping prevents
correlation of clinical syndromes with specific Brucella
species or biovars and definitively distinguishing relapse
from re-infection. Furthermore, we did not analyze the
time from symptom onset to diagnosis and treatment, nor
did we assess metrics of healthcare access (e.g., distance
to care, health-seeking behavior), which precludes an
evaluation of how these critical delays and disparities may
contribute to the high complication burden, particularly
among rural residents. Detailed data on the specific
antimicrobial regimens and adherence for prior infections
were also not analyzed, limiting our understanding of
their role in relapse risk. Finally, as a registry study, it
may be subject to ascertainment bias, particularly in
complication diagnosis. Future research should integrate
genomic epidemiology with detailed clinical phenotyping
to unravel the complex host-pathogen interactions driving
these distinct syndromic presentations.

Conclusion

This study reveals a high burden of complications and
distinct relapse patterns in human brucellosis, which
are not predicted by standard serological tests. The
significant geographic clustering and demographic
trends highlight the need for a revised public health
strategy. We recommend implementing syndrome-
specific surveillance, complication-focused therapies,
and geo-targeted veterinary interventions in high-risk
communities. Ultimately, integrating genomic data with
clinical profiling is crucial to unravel the drivers of these
severe disease outcomes.
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Table 10. Frequency Distribution of Patients with Complication, Relapse, and Relapse & Complication of Brucellosis based on Laboratory Findings

Relapse Frequency

Complication

Relapse & Complication

Total Frequency

Laboratory Test Final Diagnosis (%) Frequency (%) Frequency (%) (%)
5(16.67) 21 (70.00) 4 (13.33) 30 (100)
Wright
1:20 1(20.00) 0(0) 0(0) 1(3.33)
1:40 0(0) 2(9.52) 0(0) 2(6.67)
1:80 1(20.00) 5(23.81) 1(25.00) 7 (23.33)
1:160 1(20.00) 5(23.81) 1(25.00) 7 (23.33)
1:320 2 (40.00) 1(4.76) 0(0) 3 (10.00)
1:640 0(0) 3(14.29) 0(0) 3 (10.00)
1:1280 0(0) 3 (14.29) 2 (50.00) 5(16.67)
>1:2560 0(0) 2(9.52) 0(0) 2 (6.67)
Total 5 (100) 21 (100) 4 (100) 30 (100)
Wright (Two groups based on titer
1:80)
Less than 1:80 1(20.00) 2(9.52) 0(0) 3 (10.00)
1:80 and higher 4 (80.00) 19 (90.48) 4 (100) 27 (90.00)
Total 5 (100) 21 (100) 4 (100) 30 (100)
Fisher's Exact Test=1.20 P-value=0.675
2ME
1:20 2 (40.00) 2(9.52) 0(0) 4(13.33)
1:40 1(20.00) 4 (19.05) 1(25.00) 6 (20.00)
1:80 0(0) 7(33.33) 0(0) 7 (23.33)
1:160 2 (40.00) 1(4.76) 0(0) 3 (10.00)
1:320 0(0) 3(14.29) 1(25.00) 4(13.33)
1:640 0(0) 2(9.52) 1(25.00) 3 (10.00)
1:1280 0(0) 1(4.76) 0(0) 1(3.33)
>1:2560 0(0) 1(4.76) 1(25.00) 2 (6.67)
Total 5(100) 21 (100) 4 (100) 30 (100)
2ME (Two groups based on titer 1:80)
Less than 1:80 3 (60.00) 6 (28.57) 1(25.00) 10 (33.33)
1:80 and higher 2 (40.00) 15 (71.43) 3 (75.00) 20 (66.67)
Total 5(100) 21 (100) 4 (100) 30 (100)
Fisher's Exact Test=1.94 P-value=0.482
Coombs Wright
1:20 0(0) 0(0) 0(0) 0(0)
1:40 0(0) 0(0) 1 (50.00) 1(8.33)
1:80 0(0) 1(12.50) 0(0) 1(8.33)
1:160 1(50.00) 2 (25.00) 0(0) 3 (25.00)
1:320 0(0) 2 (25.00) 0(0) 2 (16.67)
1:640 1(50.00) 1(12.50) 0(0) 2 (16.67)
1:1280 0(0) 0(0) 0(0) 0(0)
>1:2560 0(0) 2 (25.00) 1 (50.00) 3 (25.00)
Total 2 (100) 8 (100) 2 (100) 12 (100)
Coombs Wright (Two groups based
on titer 1:80)
Less than 1:80 0(0) 0(0) 1 (50.00) 1(8.33)
1:80 and higher 2 (100) 8 (100) 1(50.00) 11 (91.67)
Total 2 (100) 8 (100) 2 (100) 12 (100)
Fisher's Exact Test=4.07 P-value=0.333
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Table 10. Continued.

Relapse Frequency

Complication

Relapse & Complication

Total Frequency

Laboratory Test Final Diagnosis (%) Frequency (%) Frequency (%) (%)
ESR
Less than 20 2 (50.00) 2(11.76) 1(25.00) 5(20.00)
20-50 2 (50.00) 9 (52.94) 1(25.00) 12 (48.00)
51-100 0(0) 4(23.53) 1(25.00) 5 (20.00)
More than 100 0(0) 2(11.76) 1(25.00) 3 (12.00)
Total 4 (100) 17 (100) 4 (100) 25 (100)
Unspecified 1 4 0 5
Frequency 4 17 4 25
Mean (SD) 26.50 (18.30) 51.37(29.63) 70.00 (0) 52.25 (44.38)
Range 11-50 7-115 7-110 7-115
R Chi-square=1.97 P-value=0.390
CRP
Positive 1(20.00) 8 (80.00) 1(25.00) 11(61.11)
Negative 4 (80.00) 2 (20.00) 2 (50.00) 7 (38.89)
Total 5 (100) 10 (100) 3 (100) 18 (100)
Unspecified 0 11 1 12
*
Frequency 0 7 2 9
Mean (SD) 17.71 (24.27) 6.52 (6.36) 15.22 (24.21)
Range 1-65 2-1 1-65
Mean Rank 4.93 5.25
o Chi-square=0.022 P-value=0.882
WBC
4000-10000 5(100) 20 (95.24) 4 (100) 29 (96.67)
More than 10000 0(0) 1(4.76) 0(0) 1(3.33)
Total 5 (100) 21 (100) 4 (100) 30 (100)
*
Frequency 5 19 4 28
Mean (SD) 7900.00 (1598.43)  6842.10 (1819.74) 6400 (1354.00) 6967.85 (1734.83)
Mean Rank 19.20 13.71 12.38
Range 6100-10000 4300-10600 4800-8100 4300-10600
ok Chi-square=2.07 P-value=0.354
Hemoglobin
Normal 1(20.00) 9 (42.86) 2 (50.00) 12 (40.00)
Anemia 4 (80.00) 12 (57.14) 2 (50.00) 18 (60.00)
Total 5(100) 21 (100) 4 (100) 30 (100)
*
Frequency 1 8 1 10
Mean (SD) 10.00 (0) 11.12 (1.67) 13.00 (0) 11.20 (1.64)
Range 8.40-13.60 8.40-13.60
Mean Rank 3.00 5.44 8.50
o Chi-square=1.6 P-value=0.430
Liver Tests
AST
Frequency 5(18.52) 19 (70.37) 3(11.171) 27 (100)
Mean (SD) 26.00 (11.48) 20.53 (11.73) 25.00 (10.53) 22.04 (11.40)
Range 17-40 12-32 17-37 17-37
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Relapse Frequency

Complication

Relapse & Complication

Total Frequency

Laboratory Test Final Diagnosis (%) Frequency (%) Frequency (%) (%)
Mean Rank 17.90 12.34 18.00
o Chi-square=2.84 P-value=0.241
ALT
Frequency 5(18.52) 19 (70.37) 3(11.11) 27 (100)
Mean (SD) 33.20 (18.67) 30.05 (23.82) 26.33 (10.78) 30.04 (23.82)
Range 12-113 11-113 11-113 11-113
Mean Rank 16.20 13.42 14.00
o Chi-square=0.486 P-value=0.784
ALKP
Frequency 4 (18.19) 15 (68.18) 3(13.63) 22 (100)
Mean (SD) 162.75 (57.68) 225.22 (136.92) 347.67 (99.80) 230.56 (129.52)
Range 89-230 2-587 278-462 2-587
Mean Rank 7.50 11.27 18.00
o Chi-square=4.560 P-value=0.103
BILIRUBIN TOTAL
Frequency 0(0) 2 (100) 0(0) 2 (100)
Mean (SD) 6.60 (36.77)
Range 34-86 34-86
Bilirubin Direct
Frequency 0(0) 2 (100) 0(0) 2 (100)
Mean (SD) 6.15(8.27)
Range 0-12 0-12
*: The assumptions of the Chi-square test were not met.
**: Fisher's Exact Test
##*: Kruskal-Wallis Test
Table 11. Incidence Rate of Relapse, Complication, and Relapse with Complication by County and Sex
Male Female
County
Relapse Complication Relapse & Comp. Total Relapse Complication Relapse & Comp. Total
Asadabad 0 0 36.36 36.36 0 0 0 0
Bahar 0 12.20 0 12.20 0 22.73 22.73 45.45
Tuyserkan 0 57.14 28.57 85.71 0 28.57 0 28.57
Razan 0 28.17 0 28.17 15.15 15.15 0 30.30
Kabudarahang 5.54 21.62 0 27.03 0 14.08 0 14.08
Famenin 35.71 0 0 35.71 0 0 0 0
Malayer 0 0 0 0 28.21 0 0 28.21
Nahavand 8.40 0 0 8.40 0 0 0 0
Hamadan 0 24.39 0 24.39 0 15.38 0 15.38
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