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Summary

Background Brucellosis is endemic in Iran. Children
constitute 20-25% of cases. We determined clinical,
laboratory, and epidemiologic characteristics of pedi-
atric brucellosis patients hospitalized at the Children’s
Medical Center from May 2011 to December 2016.
Methods Medical records were reviewed retrospec-
tively. For each patient, a questionnaire was provided
containing demographic characteristics (sex, age, na-
tionality, date of admission, city of residence, history
of ingestion of unpasteurized dairy products, fam-
ily history of brucellosis, history of contact with sus-
picious animals) and clinical information (signs and
symptoms, laboratory findings, history of disease re-
lapse, treatment).

Results Included were 43 patients diagnosed with bru-
cellosis (26 males, 60.5%; age 1-13 years, mean+ SD:
7.02+3.5). A history of ingestion of raw or unpas-
teurized dairy products was present in 88% (N=38)
and 11 patients (26%) had had contact with a suspi-
cious animal. Highest frequencies of brucellosis were
recorded in 2013 (N=10, 23%) and 2015 (N=11, 26%).
Most cases were admitted in the summer (N=14,
33%) and spring (N=12, 28%). Fever (N=39, 91%),
arthralgia (N=33, 77%), and malaise (N=33, 77%)
were the main complaints. Anemia (65%), lymphocy-
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tosis (51%), and elevated erythrocyte sedimentation
rate (86%) and C-reactive protein (67%) were the
most prominent blood anomalies. Blood culture was
positive in 30% (N=11/37), bone marrow culture in
31% (N=4/11). A positive Wright, Coombs Wright,
and 2ME test was observed in 67% (N=29), 92%
(N=34/37), and 85% (IN=34/40) of cases, respectively.
Median length of antibiotic therapy was 12 weeks
(2-24 weeks). The most frequent drug regimen was
combined trimethoprim-sulfamethoxazole and ri-
fampicin (V= 24, 56%). Relapse occurred in 9 patients
(21%), there were no deaths.

Conclusions Physicians should be aware of the man-
ifestations, diagnosis, and treatment protocols of
childhood brucellosis. Control programs and preven-
tive measures, e.g., regular examination of domestic
animals, mass vaccination of livestock, slaughter of
infected animals, control of animal trade and mi-
gration, pasteurization of milk and milk products,
training and increased public awareness of the dan-
gers of consumption of unpasteurized dairy products,
are highly recommended.

Keywords  Brucella - Children - Epidemiology -
Zoonotic diseases - Disease transmission, infectious

Epidemiologische, klinische und
Laborcharakteristika der kindlichen Brucellose
Eine Studie in einem iranischen Schwerpunkit-
Kinderkrankenhaus

Zusammenfassung

Grundlagen Die Brucellose ist im Iran endemisch.
Kinder machen 20-25 % der Fille aus. Die Autoren
untersuchten von Mai 2011 bis Dezember 2016 klini-
sche, laborbezogene und epidemiologische Merkmale
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von kindlichen Brucellosepatienten am Children’s Me-
dical Center.

Methodik Krankenunterlagen wurden retrospektiv
ausgewertet. Fiir jeden Patienten gab es einen Frage-
bogen mit demografischen (Geschlecht, Alter, Natio-
nalitdt, Aufnahmedatum, Wohnort, Anamnese zum
Verzehr unpasteurisierter Milchprodukte, Brucello-
se-Familienanamnese, Anamnese zum Kontakt mit
krankheitsverddchtigen Tieren) und klinischen Infor-
mationen (Symptome, Laborergebnisse, Anamnese zu
Krankheitsrezidiven, Therapie).

Ergebnisse Ausgewertet wurden die Daten von 43 Pa-
tienten mit der Diagnose einer Brucellose (26 m.,
60,5 %; Alter: 1-13 Jahre, Mittelwert + Standardabwei-
chung: 7,02+3,5). Anamnestische Hinweise auf den
Verzehr roher oder unpasteurisierter Milchprodukte
lagen bei 88 % (n=38) vor, 11 Patienten (26 %) hatten
Kontakt zu einem Tier mit Krankheitsverdacht gehabt.
Die gro8ten Haufigkeiten der Brucellose wurden 2013
(n=10, 23 %) und 2015 (n=11, 26 %) dokumentiert.
Die meisten Fille wurden im Sommer (n=14, 33 %)
und im Friihling (n=12, 28 %) aufgenommen. Fieber
(n=39, 91 %), Arthralgie (n=33, 77 %) und Unwohl-
sein (n=33, 77 %) waren die Hauptbeschwerden.
Andmie (65 %), Lymphozytose (51 %) sowie erhdh-
te Werte bei Blutsenkungsgeschwindigkeit (86 %)
und C-reaktivem Protein (67 %) waren die auffélligs-
ten Blutverdnderungen. Die Blutkultur war in 30 %
der Fille positiv (n=11/37), die Knochenmarkkultur
in 31 % (n=4/11). Ein positiver Wright-, Coombs-
Wright- und 2-ME(Mercaptoethanol)-Test wurde in
67 % (n=29), 92 % (n=34/37) bzw. 85 % (n=34/40)
der Fille beobachtet. Die mittlere Dauer der Anti-
biotikatherapie betrug 12 Wochen (2-24 Wochen).
Das meistverwendete Therapieschema bestand aus
der Kombination Trimethoprim-Sulfamethoxazol und
Rifampicin (n=24, 56 %). Ein Reziv trat bei 9 Patienten
(21 %) auf, es gab keine Todesfille.
Schlussfolgerungen Arzte sollten sich der Sympto-
me, Diagnose und Therapieschemata fiir Brucellose
bei Kindern bewusst sein. Dringend empfohlen wer-
den Regulierungsprogramme und Priventionsmal3-
nahmen, z. B. die regelméBige Untersuchung von
Haustieren, Massenimpfung des Viehbestands, das
Schlachten infizierter Tiere, die Aufsicht iiber Tier-
handel und -migration, Pasteurisierung von Milch
und Milchprodukten, die Unterweisung und Erho-
hung des offentlichen Bewusstseins in Bezug auf die
Gefahren des Verzehrs unpasteurisierter Milchpro-
dukte.

Schliisselworter Brucella - Kinder - Epidemi-
ologie - Zoonosen - Ubertragung von Infektions-
krankheiten

Brucellosis, also known as “undulant fever,” “Malta
fever,” “Mediterranean fever,” or “Gibraltar fever,” is
a widespread global zoonotic disease [1-3], which is

endemic in Latin America, Southern Europe, Africa,
Mediterranean basins, and the Middle East. It also has
a high incidence rate among central Asian countries
such as Kyrgyzstan and Azerbaijan [1, 3-5]. A re-
cent systematic review conducted in Iran showed
that the annual incidence rate of brucellosis in the
country is still high (0.001%, 95% confidence interval
[CI]=0.0005-0.0015%) [6], and up to 25% of infected
cases are children [1, 7].

The disease is caused by Brucella species, which
are small, pleomorphic, fastidious, non-motile, gram-
negative coccobacilli [1, 4, 8-12]. It is the primary in-
fection of domestic and wild animals, including goats,
sheep, camels, cows, pigs, and dogs, that can be trans-
mitted to humans [4, 11, 13, 14]. Transmission oc-
curs via ingestion of infected meat, raw unpasteurized
milk, and dairy products; or through direct contact
with infected animals and their secretions; or through
the breathing of infectious aerosols [4, 5, 10-12, 14,
15]. Mother-to-child transmission is an infrequent but
probable route of disease transmission [9].

Brucellosis involves multiple systems of the body
and has various clinical manifestations such as fever,
fatigue, arthralgia, muscle pain, rash, respiratory and
cardiac complications, and orchitis/epididymitis [2,
11, 16]. The differences in manifestations among chil-
dren and adults are not considerable. The disease
affects children of any age group or gender [3], with
its acute and sub-acute forms being more common in
children [3, 12].

The purpose of this study was to determine the
main clinical, laboratory, and epidemiologic charac-
teristics of pediatric patients with brucellosis who
were hospitalized at the Children’s Medical Center
(CMC) Hospital, a referral educational hospital in
Tehran, Iran, during a 6-year period.

Patients and methods

This study was conducted at the CMC Hospital,
Tehran, Iran, between May 2011 and December 2016.
The medical records of all children with a definitive
diagnosis of brucellosis admitted to the CMC Hospi-
tal were reviewed retrospectively. For each patient,
a questionnaire was provided that contained demo-
graphic characteristics such as sex, age, nationality,
date of admission, city of residence, history of in-
gestion of unpasteurized dairy products, history of
brucellosis in the family, and history of exposure to
infected animals, as well as clinical information such
as signs and symptoms of the patient, laboratory find-
ings, history of disease relapse, and applied treatment
regimens.

The disease was diagnosed based on the presence
of clinical signs and symptoms suggestive of brucel-
losis (such as fever, weight loss, anorexia, malaise and
fatigue, arthralgia, sweating, nausea and vomiting,
cough, etc.), together with positive serum agglutina-
tion tests (titers 1:160 or greater in the Wright test and
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titers 1:40 or greater in Coombs Wright and 2-mer-
captoethanol [2 ME] tests) or isolation of Brucella spp.
from patients’ blood or bone marrow cultures. Blood
cultures were performed using the BACTEC 9120
Blood Culture System (Becton Dickinson & 48 Co.,
Franklin Lakes, NJ, USA). If no growth was seen after
7 days, incubation continued for 21 days, whereafter
subcultures were inoculated on chocolate agar plates.
Identification of Brucella spp. isolates was performed
by Gram staining and conventional biochemical tests
such as oxidase, catalase, urease production, methyl
red/Voges-Proskauer (MR-VP) test, citrate utilization,
indole test, motility (at both 37°C and 20°C), hydro-
gen sulfide production, etc. [17].

Laboratory workups such as complete blood cell
(CBQC) and differential counts, hemoglobin levels, ery-
throcyte sedimentation rate (ESR), C-reactive protein
(CRP), and liver function tests were performed for all
patients and interpreted based on the reference values
specific for infancy and childhood [18].

Neurobrucellosis was diagnosed according to the
following principles: the presence of clinical symp-
toms (such as insomnia, amenorrhea, incontinence,
neck stiffness, confusion, depression, etc.) in combi-
nation with the isolation of Brucella spp. from cere-
brospinal fluid (CSF); or detection of anti- Brucella an-
tibodies in the CSF; or detection of lymphocytosis, el-
evated levels of protein, and diminished levels of glu-
cose in the CSF; and outcomes of cranial magnetic
resonance imaging (MRI) or computed tomography
(CT) scan [19].

A brucellosis relapse was considered as the re-
emergence of brucellosis clinical manifestations to-
gether with the positive laboratory results (blood
culture or serological tests) 2 months to 1 year after
finishing the treatment [20].

Descriptive statistics were used to characterize pa-
tients’ features. P values were determined using the
chi-square test. A P value<0.05 was considered as
significant. Analyses were performed using SPSS (ver-
sion 16; SPSS Inc., Chicago, IL, USA) software.

Results

Of the total 8018 patients admitted to the infectious
diseases ward of the CMC Hospital between May
2011 and December 2016, 43 patients were diagnosed
as Brucella-infected cases (0.54%). Among them, 26
(60.5%) patients were male and 17 (39.5%) were fe-
male (Table 1). Patients’ age ranged from 1 to 13 years
(meantstandard deviation [SD]: 7.02+3.5 years).
There was no statistically significant difference be-
tween the age and sex of patients (P>0.05). Three
cases (7%) had a history of brucellosis in their fami-
lies and 88% (IN=38) reported a history of ingestion of
raw or unpasteurized dairy products. Eleven patients
(26%) had contact with suspicious animals. There
was no statistically relevant association between the
patients’ gender and route of disease transmission

Table 1 Demographic data of patients with brucellosis
(N=43)

Characteristics No. of pa- %
tients
Age, mean = SD (years) 7.02+35 -
Sex
Male 26 60.5
Female 17 39.5
Family history of brucellosis 3 7
History of raw milk/dairy products consumption 38 88
Province
Tehran 23 53.5
Alborz 7 16.3
West Azerbaijan 3 7
Kurdistan 1 2.3
Kerman 1 2.3
Khuzestan 1 2.3
Zahedan 1 2.3
Markazi 1 2.3
Semnan 1 2.3
Golestan 1 2.3
llam 1 2.3
Lorestan 1 2.3
Zanjan 1 2.3
History of contact with infected animals 11 26
Relapse 9 21

SD standard deviation

(P>0.05). All patients were Iranian, and the total
number of reported patients in Tehran was higher
than in other cities (N=12, 28%).

The lowest frequency of brucellosis was recorded in
2011 (N=2, 5%) and the highest rates were observed in
2013 (N=10, 23%) and 2015 (N=11, 26%), (Table 2).
Most cases were admitted in summer (N=14, 33%)
and spring (N=12, 28%), and the lowest rate of cases
was detected in winter (N=7, 16%; Table 3).

Fever (N=39, 91%), arthralgia (N=33, 77%), and
malaise (N=33, 77%) were the main complaints and
symptoms of patients, while only one patient (2%) had
night sweating (Table 4). Thirty patients (70%) had
the classic triad of undulating fever, sweating, and
arthralgia. Other clinical findings included arthri-
tis (N=22, 51%), anorexia (N=19, 44%), weight loss
(N=16, 37%), abdominal pain (N=11, 26%), headache
(N=7, 16%), diarrhea (N=7, 16%), splenomegaly
(N=6, 14%), vomiting (N=6, 14%), cough (N=5, 12%),
and hepatomegaly (N=4, 9%). Neurobrucellosis was
seen in 2 patients (5%). One of these patients was
a 9-year-old girl who was admitted to our hospital
with a history of headaches and back pain exist-
ing for 1 year. Following a decrease of alertness,
neuroimaging studies including head CT and MRI
were performed. Tuberculosis was suspected, but
the biopsy was negative for acid-fast bacilli. With
suspicion of brucellosis, Wright, Coombs Wright, and
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Table 2 Frequency of brucellosis cases in different years
of the study period

Year No. of patients %
2011 2 5
2012 3 7
2013 10 23
2014 9 21
2015 11 26
2016 8 19
Total 43 100

Table 3 Frequency of brucellosis cases in different sea-
sons of the year

Season No. of patients %
Spring 12 28
Summer 14 33
Autumn 10 23
Winter 7 16
Total 43 100

Table 4 Clinical manifestations of patients with brucellosis
(N=43)

Symptom/sign No. of patients %
Fever 39 91
Arthralgia 33 77
Malaise 33 77
Anorexia 19 44
Weight loss 16 37
Abdominal pain 11 26
Headache 7 16
Vomiting 6 14
Cough 5 12
Night Sweating 1 2

Splenomegaly 6 14
Hepatomegaly 4 9

Arthritis 22 51
Diarrhea 7 16

2ME tests were performed. The 2 ME titer was 1:320,
and Wright and Coombs Wright tests were 1:320 and
1:160, respectively.

The other case was a 13-year-old boy who was
admitted with headache, vomiting, mild to mod-
erate grade fever, and abdominal pain existing for
8 months. Paraclinical findings included hypere-
osinophilia in CBC (40%); 2ME titer was 1:160 and
Wright test was 1:320. With suspicion of brucellosis,
treatment was initiated with rifampin, doxycycline,
and gentamycin. In both cases, the blood and CSF
cultures were negative and patients had a history of
ingestion of raw or unpasteurized dairy products and
contact with suspicious animals.

Table 5 shows hematological findings, the results
of blood and bone marrow cultures, and results of
serum agglutination tests of 43 children suffering from

brucellosis. Leukocyte counts were normal in 33 pa-
tients (77%), 10 patients (23%) had leukocytosis, and
no patients (0%) had leukopenia. Of all patients, 51%
(N=22) had lymphocytosis. The level of hemoglobin
was normal in 15 patients (35%), whereas the remain-
ing patients had anemia (N=28, 65%). Thrombocy-
topenia was observed in 4 cases (9%). An elevated ESR
was seen in 37 patients (86%) and elevated CRP values
were recorded in 29 patients (67%). Increased levels of
aspartate aminotransferase (AST) and alanine amino-
transferase (ALT) were observed in 15 (35%) and 10
(23%) patients, respectively.

Blood culture was accomplished in 37 patients and
positive in 11 patients (30%). Bone marrow culture
was performed for only 13 patients and was positive
in 4 cases (31%). Wright tests were performed for
all patients, and 29 cases (67%) had an agglutination
titer of 1/160 or higher. Coombs Wright and 2ME
tests were performed in 37 and 40 cases, respectively.
Positive titers were observed in 34 cases (92%) in
Coombs Wright and 34 cases (85%) in 2 ME. The high-
est titers for Wright and Coombs Wright were 1:2560
and 1:5120, respectively, and were observed in 1 pa-
tient. In 9 patients (21%) agglutination titers<1:160
were recorded in the Wright test, but the titers were
positive in Coombs Wright.

Patients received various antibiotic combination
regimens that consisted of two- or three-drug ther-
apy. The median length of antibiotic therapy was
12 weeks (range 2-24 weeks). In patients<8 years
(N=27, 63%), the following drug combinations were
prescribed: trimethoprim-sulfamethoxazole and ri-
fampicin (N=18, 42%); trimethoprim-sulfamethox-
azole, rifampicin, and gentamicin (N=6, 14%); ri-
fampicin and ciprofloxacin (N=2, 4%); trimethoprim-
sulfamethoxazole, rifampicin, and doxycycline (N=1,
2%); and streptomycin and clarithromycin (N=1, 2%).

In patients older than 8 years, six drug combina-
tions were used: the combination of trimethoprim-
sulfamethoxazole and rifampicin (N=6, 14%); doxy-
cycline and rifampicin (N=5, 12%); trimethoprim-
sulfamethoxazole, rifampicin, and gentamicin (N=1,
2%); doxycycline, rifampicin, and gentamicin (N=1,
2%), doxycycline, rifampicin, and streptomycin (N=1,
2%); and trimethoprim-sulfamethoxazole, doxycy-
cline, and streptomycin (N=1, 2%).

Relapse occurred in 9 patients (21%), other patients
did not experience recurrence of signs and symptoms
of the disease. Of the patients with relapse, 44% (4
out of 9) were treated by the combination of trimetho-
prim-sulfamethoxazole and rifampicin; however, the
difference between the type of treatment and rate of
relapse was not statistically significant (P>0.05). No
deaths were observed among infected cases.

Discussion

Although the course of brucellosis is benign [2], if left
untreated, it can become chronic and cause severe
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Table 5 Laboratory find-

. - ) ) Laboratory examination No. of patients %

ings in patients with brucel- . ) .

losis (N=43) Hematological manifestations
Leucopenia (leukocyte count< 4000 cells/mm?) 0 0
Leukocytosis (leukocyte count> 11,000 cells/mm3) 10 23
Lymphocytosis (lymphocyte count> 40% of the total leukocytes) 22 51
Anemia (hemoglobin< 11 g/dL) 28 65
Thrombocytopenia (platelet count< 150,000 cells/mm®) 4 9
Thrombocytosis (platelet count> 450,000 cells/mm3) 0 0
Elevated ESR (ESR> 10mm/h) 37 86
Elevated CRP (CRP > 6mg/L) 29 67
Elevated ALT (>31 units/L for girls, >41 units/L for boys) 10 23
Elevated AST (>31 units/L for girls, >37 units/L for boys) 15 35
Elevated ALP (>1200 units/L) 0 0
Cultures
Positive blood culture (N=37) 11 30
Positive bone marrow culture (N=13) 4 31
Agglutination tests
Positive Wright test (titers > 1:160) 29 67
Positive Coombs Wright (titers > 1:40; N= 37) 34 92
Positive 2 ME (titers > 1:40; N= 40) 34 85

ESR erythrocyte sedimentation rate, CRP C-reactive protein, ALT alanine aminotransferase, AST aspartate aminotrans-
ferase, ALP alkaline phosphatase, 2 ME 2-mercaptoethanol

complications including endocarditis, meningoen-
cephalitis, granulomatous hepatitis, uveitis, optic
neuritis, pancytopenia, chronic anemia, spondy-
lodiscitis, and sacroiliitis [9]. Despite control of
brucellosis in the developed world, the disease re-
mains an important health problem in developing
countries [11] such as Iran, which is one of the main
endemic areas [6]. Pediatric brucellosis is very im-
portant in Iran [18], rendering necessary the study
of its clinical and epidemiologic characteristics in
different regions of the country. This study describes
the principal epidemiologic, clinical, and laboratory
characteristics of children with brucellosis referred to
the CMC Hospital in Tehran, Iran, between 2011 and
2016.

In the present study, the prevalence of brucellosis
was 0.54%. In the earlier study conducted at this cen-
ter from 2002 to 2010 [5], 34 out of 10,864 patients
admitted to the infectious diseases ward (0.31%) were
diagnosed as Brucella-infected cases.

In the current study, there was a male predomi-
nance among patients (60.5%), which is in agreement
with the results of previous studies performed at the
same hospital [5, 22] as well as other studies [1, 7, 9,
10, 15, 18, 23, 24]. However, in a study performed
in Chicago, USA, most of the brucellosis cases were
female [25]. Possible explanations for higher rates of
brucellosis among boys could be the higher risk of di-
rect contact with animals and consumption of unsafe
food products in boys [5, 15, 26].

In this survey, brucellosis was more frequent in
school-aged children (children=7 years of age) and
none of the patients were younger than 1 year. This

is in agreement with findings of other studies [1, 2,
18, 21, 23, 27]. However, in some studies, the infec-
tion was diagnosed in patients<1 year of age [3, 7,
15]. The lower rate of infection in children younger
than 1 year may be due to the fact that brucellosis has
non-specific presentations or a milder course in this
age group, which results in non-diagnosis and under-
reporting of infection in infants. In addition, breast
milk may have anti-brucellosis antibodies that would
prevent the occurrence of infection in infants [18].

In this study, 7% of subjects had a positive family
history of brucellosis. This has also been reported in
other studies [1, 7, 15, 18, 22]. The positive family
history highlights the necessity of examining patients’
family members for the presence of brucellosis.

In the current study, ingestion of raw unpasteur-
ized milk or milk products was the main route of dis-
ease transmission (88%) and contact with suspected
animals was in second place (26%), which is in accor-
dance with the results of other studies [2, 5, 15, 18,
25, 28-30]. This reflects the importance of increasing
awareness among both citizens and villagers about
brucellosis transmission routes and the importance of
avoiding consumption of unpasteurized raw milk and
dairy products and contact with suspicious animals.

All patients in the present study were Iranian; none
were migrants from other countries. In the Iranian
study performed by Sasan et al. [7], only one child
with brucellosis was an Afghan refugee and the re-
maining 81 patients were Iranian. Logan and col-
leagues from the USA [25] detected 22 cases of child-
hood brucellosis, with 19 cases (86%) having non-
American nationalities. In addition, 18 of these cases
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had recently traveled or resided in Mexico, another
brucellosis endemic area. This indicates that in in-
dustrialized countries such as the USA, brucellosis is
most commonly seen in migrants and travelers from
endemic areas [7]. However, the abovementioned re-
sult confirms that brucellosis is endemic in the Iranian
population and suggests the need for implementing
preventive and control measures.

In the current study, brucellosis was more pro-
nounced in summer and spring. A similar seasonal
distribution was observed in previous studies per-
formed at the CMC Hospital [5, 22] as well as in other
studies from Iran [7] and Turkey [10, 24, 31]. The
possible reason for this observation could be more
livestock activities such as milking and slaughtering
[15], increased access to fresh goat and sheep milk in
local markets [7], a higher rate of travel to rural ar-
eas with consumption of fresh non-pasteurized dairy
products in those areas [22], and consumption of
traditional ice cream made from unpasteurized milk
in spring and summer.

Brucellosis is a systemic disease, and Brucella can
invade any organ. The variable symptoms are partly
attributable to the variable pathogenicity of different
strains of Brucella spp. [12]. Signs and symptoms
of the patients in this study were consistent with
those reported by other authors [3, 5, 18, 25, 28,
31], and fever, malaise, and arthralgia were the main
complaints in brucellosis-infected children. Similar
to other studies [28, 32], arthralgia (77%) was more
common than arthritis (51%).

Liver function tests such as ALT and AST were el-
evated in 23 and 35% of cases, respectively, and hep-
atomegaly and splenomegaly were documented in 9%
and 14% of patients, respectively. In the study con-
ducted by Logan et al. [25], much higher rates of hep-
atomegaly (55%) and splenomegaly (60%) were noted.
Various factors including duration of illness and qual-
ity of the examination can affect the reported rate of
organomegaly in different studies [5].

Nonspecific gastrointestinal symptoms such as ab-
dominal pain, diarrhea, and vomiting were observed
in some patients. Mesenteric adenitis or inflamma-
tion and ulceration of the Peyer’s patches induced by
Brucella infection are the probable causes of these
symptoms [28].

In the present study, anemia (65%), lymphocytosis
(51%), and elevated ESR (86%) and CRP (67%) were
the most prominent anomalies observed in Brucella-
infected cases. Leukopenia, thrombocytosis, and pan-
cytopenia were not detected in any case. In the previ-
ous study conducted at this center [5], anemia (53%)
and leukopenia (33%) were the main hematological
findings of patients and, similar to the current study,
none of the patients had pancytopenia. In a study
from Saudi Arabia [11] among 133 Brucella-infected
children, anemia occurred in 43% of patients, fol-
lowed by leukopenia (38%), leukocytosis (20%), and
pancytopenia (18%). In the study conducted by Liang

et al. from China [33], elevated CRP (71.1%) and ESR
(63.2%) were the most frequent abnormal findings ob-
served in 38 children with brucellosis. Several mech-
anisms contribute to anemia and other blood abnor-
malities associated with brucellosis, including hyper-
splenism [24, 28], bone marrow suppression, alter-
ation of iron metabolism, autoimmune hemolysis [11,
24], hemophagocytosis, and granulomatous lesions of
the bone marrow [11].

In this survey, blood culture and bone marrow cul-
ture were positive in 11 (N=11/37, 30%) and 4 cases
(4/13, 31%), respectively. In the study conducted by
El-Koumi et al. [11], blood culture was positive in
23 out of 133 infected children (17%), and bone mar-
row culture was positive for 3 out of 9 tested children
(33%). The low in vitro growth rate of Brucella spp.
results in long incubation times and, therefore, a low
bacterial isolation rate [13]. In addition, the diagnostic
yield of blood culture differs in the acute, sub-acute,
and chronic phases of the disease [4].

A positive titer in the Wright test (titers>1:160)
is indicative of active brucellosis [24, 28] and the
Coombs Wright test is performed to diagnose the
sub-acute and chronic forms [28]. In this study, the
Wright test was positive in 67% of patients. In nine
cases (21%) the Wright test was negative, but the
Coombs Wright was positive. In five patients (12%)
the Wright test was negative, and disease was con-
firmed by positive Coombs Wright, 2ME, and blood
or bone marrow cultures. The sensitivity of serolog-
ical tests for diagnosis of brucellosis is between 65
and 95%; however, their specificity is lower. Factors
influencing the specificity of these tests include the
high prevalence of anti-brucellosis antibodies in the
healthy population of endemic areas (a response to
their continuous exposure to the infective sources
[28]) and the occurrence of antigen cross-reactivity
between various species of Brucella [4]. Therefore,
in endemic areas, the serologic tests should be inter-
preted with regard to the clinical manifestations [12]
and the diagnosis of brucellosis should not be based
solely on these tests.

The main purpose of brucellosis treatment is to
control the acute infection and inhibit the occurrence
of disease relapse. Given the fact that Brucella is an
intracellular pathogen, the selected drug regimens
should have the ability to penetrate into cells [24, 28].
In addition, patient age is another factor influenc-
ing the selection of therapeutic regimens. According
to World Health Organization (WHO) recommenda-
tions, the use of tetracyclines (such as doxycycline)
in children<8 years of age is prohibited, since they
have side effects on children’s teeth [3, 24]. More-
over, the use of quinolone-containing regimens is
not recommended in children<8 years of age [9].
The therapeutic regimens used in this study were
highly variable, and the most frequent regimen was
the combination of trimethoprim-sulfamethoxazole
and rifampicin (N=24, 56%). The median treatment
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duration was 12 weeks (range 2-24 weeks). Various
drug combinations and treatment durations for bru-
cellosis have been reported in pediatric studies [3, 10,
21, 24, 25, 28]. According to the literature, it seems
that combination therapy with two or three drugs
active against Brucella spp. for a period of at least
6 weeks would be an effective treatment protocol for
childhood brucellosis [21, 25].

In the present study, a relapse rate of 21% was
observed. Relapse did not occur in patients who
were treated with the following combinations: doxy-
cycline, rifampicin, and streptomycin; trimethoprim-
sulfamethoxazole, doxycycline, and streptomycin;
doxycycline, rifampicin, and gentamicin; strepto-
mycin and clarithromycin. In the previous study
performed at this center [5], relapse was noted in
2.9% (1 out of 34) of patients. In the study conducted
by Yoldas et al. [10] from Turkey, two patients (2%)
experienced a relapse. Some of the main causes of
brucellosis relapse include the occurrence of bacte-
rial drug resistance [15], an inappropriate treatment
regimen or inadequate treatment duration, a pa-
tient’s failure to adhere to and complete the course
of treatment, re-use of unpasteurized contaminated
dairy products, and contact with infected livestock,
especially in rural areas [7].

There are some limitations to this study. Firstly, it
was conducted at the CMC Hospital, which is a ter-
tiary children’s referral hospital in Tehran, Iran, and
patients from all over Iran refer to this hospital. There-
fore, the patients did not comprise a representative
sample of Tehran residence. Secondly, it was a sin-
gle-center study and its study population was small.
Thirdly, it was a retrospective study and results were
extracted from medical records of the patients; where
records were incomplete, we did not have access to
the patients.

Conclusion

The findings of this study demonstrate that childhood
brucellosis is an endemic disease in Iran. It is mostly
related to consumption of unpasteurized dairy prod-
ucts and is more prevalent among children> 7 years
of age and male gender. Therefore, physicians should
be aware of its manifestations, diagnosis, and treat-
ment protocols. In addition, implementation of con-
trol programs and preventive measures by the gov-
ernment are highly recommended, such as regular ex-
amination of domestic animals, mass vaccination of
livestock against Brucella, slaughter of infected ani-
mals, control of animal trade and migration, pasteur-
ization of milk and milk products, as well as training
and increasing public awareness about the dangers of
consumption of unpasteurized dairy products.
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