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Backgrounds: Brucellosis is a systemic zoonotic disease. Osteoarticular (OA) 
system involvement is a common complication and the predominant mani-
festation of brucellosis in children. We aimed to evaluate the epidemiologic, 
demographic, clinical characteristics, and laboratory and radiologic findings of 
children with brucellosis and how these related to OA involvement.
Methods: This retrospective cohort study consisted of all consecutive chil-
dren and adolescents diagnosed as having brucellosis who were admitted to 
the pediatric infectious disease department of University of Health Sciences 
Van Research and Training Hospital between August 1, 2017, and Decem-
ber 31, 2018, in Turkey.
Results: A total of 185 patients diagnosed as having brucellosis were evalu-
ated, 50.8% had OA involvement (n = 94). Seventy-two patients (76.6%) 
exhibited peripheral arthritis involvement, among of them, hip arthritis 
(63.9%; n = 46) was the most common manifestation, followed by arthritis 
of knee (30.6%; n = 22), shoulder (4.2%; n = 3) and elbow (4.2%; n = 3). A 
total of 31 patients (33.0%) had sacroiliac joint involvement. Seven patients 
(7.4%) had spinal brucellosis. Erythrocyte sedimentation rate level above 
20 mm/h at admission and age were independent predictor of OA involve-
ment (respectively odds ratio [OR] = 2.82; 95% confidential interval [CI] = 
1.41–5.64, OR

peryear
 = 1.10; 95% CI: 1.01–1.19). Increasing age was associ-

ated types of OA involvement.
Conclusion: A half of brucellosis cases had OA involvement. These results 
can help physicians to make early identification and diagnosis of childhood 
OA brucellosis who present with arthritis and arthralgia to enable the dis-
ease to be treated in time.

Key Words: Arthritis, Brucellosis, children, osteoarticular involvement, 
radiology

(Pediatr Infect Dis J 2023;42:381–388)

Brucellosis is a systemic zoonotic disease that occurs worldwide 
but predominantly in endemic regions (the Mediterranean 

basin, the Arabian Peninsula, the Indian subcontinent, and parts 
of Mexico, Central America, and South America).1 Brucella spe-
cies are transmitted to people, such as farmers, shepherds, abattoir 
workers and veterinarians, through direct contact with infected ani-
mals or carcasses. A large number of cases of the disease involve 
family clusters stemming from infection through consumption 
of dairy products, primarily unpasteurized milk, obtained from 
infected animals.1,2 Children account for approximately 10%–30% 
of all brucellosis cases.3–7

Brucellosis can infect any organ or system. It is generally 
characterized by nonspecific complaints (fever, malaise, sweat-
ing) and abnormal physical findings (ie, hepatomegaly or sple-
nomegaly).2,6–10 Prominent localized signs and symptoms are a 
consequence of the involvement of particular organs or systems 
such as the skeletal (osteoarticular; OA) system, nervous system 
or heart.9–11 OA involvement is a common complication and the 
predominant manifestation of brucellosis in children, appearing in 
10%–85% of cases involving children.9–15 In contrast to adult bru-
cellosis, in which sacroiliac involvement is common, arthritis of the 
large peripheral joints (knee, hip, ankles) is more common in child-
hood brucellosis.2,9,10,12–14,16,17 Sacroiliitis and spondylitis are rare in 
childhood brucellosis.2,9,10,16,17

It is not currently understood why OA involvement is rela-
tively common in children. Most research has focused only on a 
small number of children with OA brucellosis, and reports of the 
frequency of OA complications and their specific sites of involve-
ment have varied in these studies.2,4,6,9,10,12,14,17–19 The variation in 
reported frequencies may be because of local or age-related dif-
ferences, which appear to play a role in the incidence, pattern and 
presentation of OA brucellosis in children.1,2,9,13,17,20

The primary objective of this study was to evaluate the epi-
demiologic, demographic, and clinical characteristics, and labo-
ratory and radiologic findings of children with brucellosis who 
presented to our pediatric infectious diseases department. The sec-
ondary objectives were to determine the frequency and types of OA 
involvement and the predictors of OA involvement in childhood 
brucellosis.

MATERIALS AND METHODS
The study protocol accorded with the Helsinki Declaration. 

Ethical approval to conduct this study was obtained from the Insti-
tutional Review Board of Health Ministry University Van Research 
and Training Hospital (Number: 2019/06). Written consent was 
obtained from the parents of enrolled children.

Setting and Patients
The population for this retrospective cohort study con-

sisted of all consecutive children and adolescents diagnosed with 
brucellosis who were admitted to the pediatric infectious disease 
outpatient and inpatient clinics of Health Ministry University Van 
Research and Training Hospital between August 1, 2017, and 
December 31, 2018, in Turkey. In total, 210 patients were enrolled 
in the study.
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Diagnostic Criteria
The diagnosis of brucellosis was made on the basis of clini-

cal features consistent with the illness, epidemiological features, 
and one of the following laboratory criteria: either the isolation 
of a Brucella species from a blood sample or synovial fluid or the 
identification of specific antibodies at significant titers. Signifi-
cant titers were defined as a seroagglutination test (STA) result of 
≥1/160 and a Coombs anti-Brucella agglutination test result of 
≥1/160.

Study Design and Group Definitions
The data set was divided into 2 groups according to OA 

involvement. The OA+ group was defined as having signs and 
symptoms of arthritis and evidence of arthritis based on imaging 
studies. The OA− group was defined as having systemic brucel-
losis without signs and symptoms of arthritis or evidence of arthri-
tis based on imaging studies. Patients with symptoms but without 
evidence of arthritis based on imaging studies were defined as 
uncategorized (n = 25), and this population was excluded from the  
comparison of the OA+ (n = 94) and OA− (n = 91) groups, for 
which a total of 185 patients were evaluated.

Data Collection
Demographic features, epidemiologic history, clinical data, 

and laboratory and imaging (ultrasonography [USG] and magnetic 
resonance imaging [MRI]) findings upon admission were recorded 
retrospectively. Cases with a preliminary diagnosis of brucellosis 
were routinely tested to determine complete blood count, erythro-
cyte sedimentation rate (ESR), C-reactive protein (CRP), and bio-
chemical function. Radiologic studies were performed in all cases 
of diagnosed or suspected arthritis.

Types of OA involvement, treatment protocols, and methods 
of laboratory and radiologic studies were summarized in Supple-
mental Digital Content 1 http://links.lww.com/INF/E929 (Material 
and Methods).

The demographic, clinical and laboratory characteristics 
were compared between the 2 groups. For the secondary objec-
tives of the study, the types of OA involvement were determined as 
well as the frequency thereof, and predictors of OA involvement in 
childhood brucellosis were identified.

Statistical Analysis
Statistical analysis was performed using SPSS 22.0 (IBM 

Corp, Armonk, NY, United States). The Shapiro-Wilk test was 
used to determine whether the variables were normally distrib-
uted. Numbers and percentages were used to express categorical 
variables. The mean ± standard deviation or the median with the 
interquartile range (IQR) was used to express continuous variables 
depending on whether they exhibited a parametric or nonparamet-
ric distribution. Categorical variables were compared using the chi-
square test. The Mann-Whitney U test and Student’s t test were used 
to compare median or mean values between the 2 groups, depend-
ing on the sample distribution. A P value of less than 0.05 was used 
as the cutoff for statistical significance. For the multivariate analy-
sis, the possible factors identified through univariate analysis were 
entered into a logistic regression analysis to determine independent 
predictors of OA involvement. Variables that demonstrated a sig-
nificant univariate relationship between OA groups in the sample 
group without collinearity were included in a logistic regression 
model to determine the independent predictors of OA involvement. 
The ability of ESR level to predict OA involvement was analyzed 
using receiver operating characteristic (ROC) curve analysis. For 
each parameter, sensitivity and specificity and area under the ROC 
curve (AUC) were calculated as diagnostic tools for predicting OA 

involvement. When evaluating the AUC, a 5% type-I error rate was 
used to define a statistically significant predictive value.

RESULTS

Demographics and Clinical and Laboratory 
Findings of Brucellosis Cases

A total of 185 patients diagnosed as having brucellosis 
were evaluated. One hundred fourteen (61.6%) were boys, and 
the mean age was 136 ± 51.6 months. One hundred eighty two 
patients (98.4%) had a positive STA result, and 80.5% of patients 
had detectable Brucella spp. was identified in their blood cultures 
(n=149) at admission. Moreover, Brucella spp. was yielded in 
both blood and knee synovial aspirate cultures of 4 patients. All 
patients with negative STA test results had positive blood culture 
results. The mean leukocyte count was 7388 ± 2542 cells/mm3, 
and the median CRP, ESR, alanine aminotransferase and aspartate 
aminotransferase levels were 12.2 mg/dL (IQR: 5.41–21.95 mg/
dL), 28 mm/h (IQR: 14–40 mm/h), 26 IU/L (IQR: 18–45 IU/L), 
and 35 IU/L (IQR: 25–49 IU/L).

OA+ group
Ninety four patients (50.8%) had OA involvement. The 

demographic and epidemiologic characteristics of the OA+ 
group are shown in Table 1. The most common symptom in the 
OA+ group was arthralgia (100%) followed by, in order, myal-
gia (64.9%), fever (58.5%), and fatigue (8.5%). Splenomegaly 
was observed in 2 patients and hepatomegaly in 1 patient. The 
laboratory results of the OA+ group are summarized in Table 1. 
For radiologic imaging, OA involvement was diagnosed using 
MRI or USG in 81 (86.2%) and 13 patients (13.8%), respec-
tively. Seventy-five patients in the OA+ group (79.8%) received 
rifampicin plus doxycycline or trimethoprim/sulfamethoxa-
zole plus gentamicin or streptomycin therapy, and 16 (17.0%) 
received rifampicin plus doxycycline or trimethoprim/sulfameth-
oxazole. Three patients experienced drug allergies and so, with 
their parents’ consent, were administered ciprofloxacin therapy. 
All hospitalized patients were discharged with a good outcome. 
Three patients (3.3%) had relapses. Seventy (74.4%) patients in 
the OA+ group received treatment lasting ≥12 weeks, with the 
rest receiving treatment for 6 weeks. The types and localizations 
of all OA involvements are shown Figure 1.

Peripheral Arthritis
Seventy-two patients (76.6%) exhibited peripheral arthritis, 

46 (63.9%) of whom were boys. The mean age of this group was 
137 ± 50.4 months. Radiologic diagnosis of peripheral arthritis was 
mostly performed using MRI (81.9%) rather than USG (18.1%). 
Hip arthritis (63.9%; n = 46) was the most common manifestation, 
followed by arthritis of the knee (30.6%; n = 22), shoulder (4.2%; 
n = 3), elbow (4.2%; n = 3) and ankle (1.1%; n = 1). In the periph-
eral arthritis group, 95.7% of patients had arthritis in only 1 joint 
type with 50 (72.4%) patients having unilateral involvement. Three 
patients had involvement of 2 different peripheral joints. The radio-
logic findings from patients with peripheral joint involvement are 
shown in Tables 2 and 3.

Sacroiliitis
A total of 31 patients had sacroiliac joint involvement, 

eighteen (58.1%) of which were girls. This group had a mean 
age of 169 ± 31.6 months. Multiple involvement was observed in 
45.2% of these patients. MRI was used to identify all inflamma-
tory changes in all patients. The radiologic findings are shown in 
Table 2.
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Spinal Brucellosis
Seven patients, predominantly boys (85.7%), had spinal bru-

cellosis. The mean age of this group was 181 ± 24.5 months. MRI 
was used to identify all inflammatory changes in all patients. The 
radiologic findings are shown in Table 2.

OA− Group
A total of 91 patients were evaluated in the OA− group. 

The demographic and epidemiologic characteristics of the OA− 
group are shown in Table  1. The most common symptom in the 
OA− group was fever (74.7%), followed by, in order, myalgia 
(64.8%), fatigue (11.0%), headache (4.4%), and sweating (3.3%). 
Common signs in the OA− group were splenomegaly (17.6%; n = 
16) and hepatomegaly (6.6%; n = 6). The laboratory results of the 
OA− group are summarized in Table  1. Fifty-six (61.5%) of the 
OA− group received rifampicin plus doxycycline or trimethoprim/
sulfamethoxazole plus gentamicin or streptomycin therapy, and 32 
(35.2%) received rifampicin plus doxycycline or trimethoprim/

sulfamethoxazole. Three patients experienced drug allergies and 
so, with their parents’ consent, were administered ciprofloxacin 
therapy. All hospitalized patients were discharged with a good out-
come. Fifty-nine (64.8%) of the OA− group received treatment for 
6 weeks. Four (4.4%) patients had relapses.

Comparison of the Demographics and Laboratory Find-
ings According to OA Involvement and Identification of 
Predictors for OA Involvement

The mean age of the OA− group was lower than that of 
the OA+ group (P = 0.018). The hospitalization ratio significantly 
differed between the OA+ and OA– groups: 80.9% (76 patients)  
versus 16.5% (15 patients), P < 0.001. The mean leukocyte and 
platelet counts and the mean CRP and ESR levels were signifi-
cantly higher (P = 0.004, P = 0.003, P = 0.043, and P = 0.001), 
and the mean ALT and AST levels were significantly lower (P ≤ 
0.001 for each) in the OA+ group compared with the OA– group 
(Table 1).

TABLE 1.  Comparison of OA (+) and OA (−) Patient Groups on Demographic, Epidemiologic and Laboratory 
Findings

  OA+ [n = 94] OA− [n = 91] P* 

Demographic features
Gender n, (%)     
 Girl 39 (41.5) 32 (35.2) 0.377
 Boy 55 (58.5) 59 (64.8)  
Age, months 144 ± 49.59 126 ± 52.96 0.018
Age groups n, (%) <5 years old 6 (6.4) 13 (14.3) 0.083
 ≥5–<10 years old 18 (19.1) 26 (28.6)  
 ≥10–<15 years old 48 (51.1) 35 (38.5)  
 ≥15 years old 22 (23.4) 17 (18.7)  
Exposure history n, (%)
Consumption of unpasteurized dairy products 93 (98.9) 90 (98.9) 1
Contact with animal or secretions 43 (45.7) 37 (40.7) 0.485
Seasonal distribution (August 1, 2017–December 31, 2017; n = 64) n, (%)  
Spring – – 0.276
Summer 5 (13.5) 2 (7.4)
Autumn 25 (67.6) 20 (74.1)
Winter 7 (18.9) 5 (18.5)
Seasonal Distribution (year:2018; n = 121) n, (%)  
Spring 6 (10.5) 9 (14.1) 0.502
Summer 17 (29.8) 18 (28.1)
Autumn 19 (33.3) 26 (40.6)
Winter 15 (26.4) 11 (17.2)
Laboratory findings
STA at admission, n (%)    

Negative 0 (0) 1 (1.1)  
1/80 1 (1.1) 1 (1.1)  

1/160 2 (2.1) 1 (1.1)  
1/320 6 (6.4) 10 (11.0)  
1/640 15 (16.0) 18 (19.8)  

1/1280 29 (30.9) 22 (24.2)  
1/2560 18 (19.1) 11 (12.1)  

≥1/5120 23 (24.5) 27 (29.7)  
Culture positivity, n (%)  60 (63.8) 89 (97.8) <0.001
Leukocyte,/mm3  8133 ± 2235 6745 ± 2632 0.004
Leukocytosis (%)  13.7 1.7 0.024
Leukopenia  2.0 8.5 0.213
Platelet,/mm3  306.275 ± 82.538 253.483 ± 95.959 0.003
CRP, mg/dL  14.5 (5.82; 28.15) 10 (5.4; 19) 0.043
CRP>10 (%)  66.3 50.7 0.045
ESR, mm /h  33 (18.25; 44) 20.5 (12; 35) 0.001
ESR>20 (%)  73.8 51.3 0.003
ALT, IU/L  22 (16; 30) 32 (22; 71.2) <0.001
AST, IU/L  27 (21; 40) 45 (31; 65.45) <0.001

ALT indicates alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; STA, seroagglutination test.
Significant P values (<0.05) were represented with bold.
*Chi-square test. The Mann-Whitney U test and Student’s t test were used depend on variables.
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For predicting OA involvement, a multivariate logistic 
regression model, which was based on demographic features, 
age, ESR level above 20 mm/h, and CRP level above 10 mg/dL, 
revealed that an ESR level above 20 mm/h at admission and age 
were independent predictors of OA involvement with odds ratios of 
2.82 (95% confidential interval [CI]: 1.41–5.64) and 1.10 per year 
(95% CI: 1.01–1.19). The diagnostic cutoff of an ESR of 24 mm/h 
had a sensitivity of 60.9 and specificity of 60.3 for predicting OA 
involvement (AUC of ESR = 0.666; 95% CI: 0.576–0.745; P = 
0.001; Fig. 2).

DISCUSSION
We evaluated the demographic and clinical characteristics 

and laboratory and radiologic features of patients diagnosed with 
brucellosis. In our study group, a relatively large number of chil-
dren had brucellosis (n = 185). Thus, this cohort provided an oppor-
tunity to prepare a well-rounded report on the descriptive, clinical 
and laboratory characteristics and detailed description of radiologic 
features of childhood brucellosis.

One-third of patients in this study were aged between 10 and 
15 years. In childhood brucellosis cohort studies, the majority of 
cases have generally been older children.6,17–19 Although children of 
all ages are susceptible to brucellosis, our sample properly reflected 
the age distribution of childhood brucellosis.6,7 In our cohort, boys 
were more frequently diagnosed with brucellosis than girls. This is 
consistent with literature reports of boys comprising 55%–79% of 
childhood brucellosis cases.2,6,10,17,20,21 The prevalence of brucellosis 
and the transmission from animals to humans depends on several 
factors, such as country of residence, cultural practices (eg, tradi-
tional husbandry practices or consumption of unpasteurized dairy 
products), and the characteristics of the causative pathogen.1,2,9,17,20 
Consequently, differences may be evident in the demographic data 
reported from different regions because of such local differences.

The frequency of OA involvement in the present study 
was 50.8%. OA involvement is the most common complication 

in children; however, studies show a wide range of incidence of 
6%–56%.4,6,9,14,15,19,22 We found that two-thirds of the OA+ group 
had peripheral arthritis, with sacroiliitis and spondylitis the next 
most common types of OA involvement. This result accords with 
the literature suggesting that peripheral arthritis is seen more fre-
quently in children than adults, with a range of 13%–71%.9,14,23 
Additionally, the localization of OA involvement mainly depends 
on the age of the patient, and it has been observed that peripheral 
arthritis is the major presentation in children but not adults.9,14,23–28 
Various studies have reported that either the hip or the knee joint 
is the most prevalent site of peripheral OA involvement. In our 
cohort, the hip was the most common site of peripheral involve-
ment.10,12,13,17,19–21,24,26 Monoarthritis is common in children, account-
ing for 80%–90% of joint involvement, and our results accord with 
the literature.12,13,19,21,23 The unilateral involvement observed in the 
majority of peripheral arthritis cases in our study, however, contrasts 
with the literature, where bilateral involvement has been observed 
with notable frequency.9,17,24 The possible reason for the high inci-
dence of involvement of the peripheral joints such as the hips and 
knees may be that the synovial membranes of these joints facilitate 
the entry of bacteria into the joint space during bacteremia because 
of the high density of the vascular connective tissue layer and the 
absence of a basement membrane.29,30 In this study, we reported the 
involvement of other small joints (shoulder, elbow and ankle) close 
to the 3%–13% range reported in the literature.9,13,14,17,19,21,24,25,31–33 In 
addition, osteomyelitis and bursitis, which are rare in the literature, 
were observed in only a few cases alongside arthritis.8,9,13,19,29,33–35

In this current study, sacroiliitis was the second most second 
common OA presentation, with an incidence of 34%. Sacroiliitis 
is seen less commonly in children and has generally been reported 
at low frequencies (3.2–9.4%).2,9,17,19,36,37 However, studies from 
the same area as ours have found high incidence, in the range of 
48%–50%.13,23,38 Unilateral involvement of the sacroiliac joint was 
observed in two-thirds of our patients. Sacroiliitis presents unilater-
ally in the majority of patients, with a range of 66%–84% reported 
in several studies focusing on children.9,19,23,36–38 However, bilateral 

FIGURE 1.  The distribution of osteoarticular involvement according to location. Some patients had multiple involvement 
location. Peripheral joint involvement: 72 patients (hip:46, knee:22, shoulder:3, elbow:3, ankle 1 patient); sacroiliitis: 
31 patients (13 patients with hip, 1 patient with spondylitis); spondylitis: 7 patients (2 patients with hip, 1 patient with 
sacroiliitis). *Others: 5 patients (shoulder: 3, elbow: 1, ankle: 1 patients). SD indicates spondylitis; SI, sacroiliitis.
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TABLE 2.  Radiologic Findings of the Patients Diagnosed Through Magnetic Resonance Imaging

Age Gender  

  Patients With Sacroiliitis and Hip Arthritis

  Coxofemoral (Hip) Joint Sacroiliac Joint

  UI BI EFF SCE ST BME LN OM OE UI SI BI SI PE SI Abscess 

213 Boy          +    
210 Boy +  + +          
204 Boy +  + +      +    
204 Boy           +   
204 Girl          +    
203 Boy +  + +      +    
199 Boy  + + +          
198 Boy +  + +       +   
198 Girl          +    
195 Boy +  + +          
195 Boy          +    
194 Girl  + + +       +   
192 Boy +  + + +         
192 Boy       +    +   
187 Boy       +   +    
187 Boy +  +        +   
186 Girl          +    
178 Girl +  + +      +    
178 Girl           +   
176 Boy  + +    +       
176 Girl          +    
176 Boy          +    
176 Boy +  + +          
175 Girl          +  + +
173 Girl          +   +
171 Boy +  + +   +    +   
168 Boy +  +   +        
168 Boy +     + +       
165 Girl  + + +       +   
165 Boy  + + +   +       
162 Boy  + + +          
159 Girl  + + +       +   
157 Girl       +    +   
154 Girl  + + +          
154 Girl +  +        +   
153 Girl  + + + +    +*     
153 Girl          +    
149 Girl +  + +   +       
148 Girl +     +        
145 Boy  + + +  +        
145 Boy +  +        +   
144 Boy +  + +          
141 Girl          +    
137 Boy  + + +  +        
136 Girl          +    
135 Boy  + + + +         
126 Girl  + +           
125 Girl          +    
114 Boy +  + + + + +   +    
113 Girl  + + +          
101 Boy +  +   +    +    
97 Girl +  + + + +        
90 Boy  + + +          
90 Girl +  + + +         
86 Girl  + + +      +    
81 Girl +  +           
71 Girl  + + +          
66 Girl +  + +   +       
66 Girl  + +           
34 Boy +  + +   +       
23 Boy +  + +   + +*      
17 Boy +   +   +       
Number of 

patients 26/44 18/44 43/44 29/44 6/44 8/44 11/44 1/44 1/44 20/31 11/31 1/31 2/31  

(Continued)
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involvement has been reported to be more common in some adult 
studies.13,25,27,32,33 We observed that sacroiliitis occurred with either 
spondylitis or peripheral arthritis in almost half of the patients, and 
this result was higher than in the literature, which has reported a 
range of 10%–14%.27,39 However, Bosilovski et al reported that 
half of patients with sacroiliitis had either spondylitis or peripheral 
arthritis.24 In the current study, all sacroiliitis was diagnosed with 
MRI. MRI may be helpful for diagnosis, especially earlier in the 
course of the disease.24,40,41

In the current study, with only 7 patients (7.4%) presented 
with spinal brucellosis. Although, spinal brucellosis is reported as 
rarely or none in children,9,10,12,14,17,19,36,37 Gur et al and Geyik et 
al reported spondylitis rates of 17.9% and 17%, respectively.13,38 
In adults, spinal brucellosis is the one of the most common OA 
presentations, with a range of 10%–60%, and it commonly mani-
fests as spondylitis, spondylodiscitis, or discitis.27,29,42–44 In our 
study, the most common inflammatory changes were located in 
the lumbar spine followed by the thoracic spine, which accords 
with the literature, which has reported ranges of 60%–83% and 
8.3%–19%, respectively.27,32,43–45 We observed spondylodiscitis in 
only 2 patients, and this was localized to lumbar segments; how-
ever, it has been reported at higher percentages (ranging from 
6% to 85%).24,27,32,42 In our study, 2 patients had noncontagious 

multisegment involvement at different levels of the spine, and this 
accords with the literature range of 3%–14%.27,32,39,43–47 We also 
observed serious but rare complications of spinal brucellosis such 
as epidural abscess, which has been reported to occur in the range 
of 7.1%–30%.13,24,27,32,42,48 MRI was used for diagnosis in all cases 
and is the most valuable method for disclosing spinal brucello-
sis and its complications as well as making a differential diagno-
sis.13,27,39,40,46–48

Notably, no axial involvement (spondylitis and sacroiliitis) 
was observed in children <15 years old, which accords with Zamani 
et al, who found no axial involvement in children <12 years old.12 
Moreover, in this current study, patients with spondylitis and sac-
roiliitis were older than patients with peripheral arthritis, in line 
with findings from other studies.9,14,19,37 These results suggest that 
OA involvement localization depends on the age of the patient, 
in addition to factors mentioned above.9,14,23–28 Brucellosis should 
be considered in older children with axial complaints in Brucella-
endemic regions.

Studies have reported that OA involvement increases with 
age and that patients with OA involvement are older than those 
without OA involvement.9,12,19 In this study, the median age of  
OA-involved patients was higher than that in the OA− group; 
increasing age was found to be an independent predictor for OA 

  Patients with peripheral arthritis except hip
  Site UI BI EFF SCE ST SE Bursitis OM Myositis LN Tendinitis  
181 Boy Knee +  + +         
  Elbow +  +          
179 Boy Knee +  +          
179 Boy Knee +  + +         
178 Boy Knee +  +          
172 Boy Knee +  +   +       
165 Boy Knee +  + +         
  Elbow +  +        +‡  
134 Boy Knee +  +          
130 Girl Knee  + + +         
113 Boy Knee +  +          
83 Boy Knee +  +          
   9/10 1/10 10/10 4/10 2/10 5/10       
172 Girl Shoulder +   + +  +      
153 Girl Shoulder +  +      + +   
149 Boy Shoulder +  + + +    +    
97 Boy Ankle +  + +         
59 Girl Elbow +  + + +   +†     
  Patients with spondylitis
  VL DI FI Discitis PI Abscess PN CE Collection EI     
207 Boy L2-3 +   +         
203 Boy T12-L1 +       +     
  L4-5 +    +        
195 Boy L2-3 +  + + + +  +     
176 Boy T8-9 +   +   + +     
  L4-5  +     +      
175 Boy L2-3 +            
173 Girl L4-5 +  +          
135 Boy L4-5 +     +       
   7/7 1/7 2/7 3/7 2/7  2/7 2/7 3/7     

* Femur
†Humerus
‡Biceps brachii.
BI indicates bilateral involvement; BME, bone marrow edema; CE, contrast enhancement; DI, diffuse involvement; EFF, effusion; EI, extra-vertebral involvement; FI, focal 

involvement; LN, lymph node; OE, osseous erosions; OM, osteomyelitis; PE, periarticular edema; PI, paraspinal involvement; PN CE, perineural contrast enhancement; SCE, 
synovial contrast enhancement; SE, soft tissue edema; SI, sacroiliitis; ST, synovial thickening; UI, unilateral involvement; VL, vertebra level.

TABLE 2.  Radiologic Findings of the Patients Diagnosed Through Magnetic Resonance Imaging

Age Gender  
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involvement. Guler et al determined that OA involvement was sig-
nificantly associated with increasing age and that OA involvement 
was more frequent in adults than in children.22 The significant rela-
tionship between age and OA involvement in this study indicates 
that OA involvement may be more common in older children with 
brucellosis. Therefore, radiologic imaging studies and close obser-
vation should be done promptly to prevent severe complications 
because of OA involvement in the presence of relevant complaints.

Brucellosis is diagnosed on the basis of a serological test 
or culture with clinical presentation.2,6,20 Laboratory findings are 
commonly nonspecific but are useful as additional diagnostic 
methods.2,6 We determined that elevated ESR was an independent 
predictor for OA involvement and a significant diagnostic criterion 
with high sensitivity and specificity for predicting OA involve-
ment. Balın et al reported that ESR and CRP were useful param-
eters in predicting the clinical course of patients with brucellosis, 

especially for OA involvement, with high sensitivity and specific-
ity of 70% and 60%, respectively, for ESR and 48% and 81%, 
respectively, for CRP.49 Elevated ESR in brucellosis was closely 
related to OA involvement. These results suggest that ESR is a 
valuable an adjunct marker in children with brucellosis to predict 
OA involvement. However, the use of ESR to predict OA involve-
ment needs further study.

Limitations
There are several limitations to our study. First, this study 

was conducted at a single center; therefore, it may not be reflective 
of other regions. However, the data were obtained from patients 
from a highly endemic region (Turkey) with a large number of 
children with brucellosis. This study was designed as a retrospec-
tive cohort study, and medical records with information such as 
complaints and clinical findings were collected retrospectively. 
Therefore, we obtained only limited data from some participants.  
Nevertheless, this study enabled us to present the clinical and labo-
ratory findings from a large cohort of pediatric patients, particu-
larly the radiologic findings, in a more detailed and comprehensive 
manner compared with previous studies.

Second, this study population did not have a healthy control 
group for multivariate analysis. Although we aimed to determine 
predictive factors, prospective studies can be used to study under-
lying pathogenesis and risk factors, aside from the epidemiological 
factors of OA involvement.

The considerable differences in the exact percentages of dif-
ferent presentations reported in the literature may be because of 
characteristics of the study populations, different imaging tech-
niques, the radio-diagnostic methods used, and different diagnostic 
criteria used for identifying cases. Moreover, some regional and 
age-related differences appear to play a role in the incidence, pat-
tern, and presentation of OA brucellosis in children.

This study demonstrated that half of patients had OA 
involvement and that peripheral arthritis was the most common 
form of OA involvement in children. Increasing age was associated 
with both overall OA involvement as well as the specific type of OA 
involvement. In conclusion, all physicians must be familiar with 
brucellosis and should consider OA involvement in all children 
who present with arthritis and arthralgia. Diagnosis and treatment 
should be done promptly to prevent further complications. These 
results can help physicians to make early identification and diagno-
sis of childhood OA brucellosis to enable the disease to be treated 
before further complications arise.

TABLE 3.  Radiologic Findings of the Patients With Peripheral Arthritis Diagnosed Through Ultrasonography

Age Gender Site UI BI EFF ST SE 

210 Boy Knee +  +  +
185 Boy Knee +  +  +
184 Boy Knee +  + + +
176 Boy Knee +  +   
151 Girl Knee +  + + +
151 Boy Knee +  +   
133 Girl Knee +  +   
100 Boy Knee  + +   
  Hip +  +   
94 Boy Knee +  +   
75 Girl Knee +  +   
61 Boy Knee +  + +  
36 Boy Knee +  +   
   11/12 1/12 12/12 3/3 4/4
30 Girl Hip +  +   
   2/2  2/2   

BI indicates bilateral Involvement; EFF, effusion; SE, soft tissue edema; ST, synovial thickening; UI, unilateral involvement.

FIGURE 2.  Comparison of specificity and sensitivity 
of ESR for osteoarticular involvement in patients with 
brucellosis, with ROC curve graph. ESR indicates erythrocyte 
sedimentation rate; ROC, receiving operation characteristic.
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