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ABSTRACT

Objective: To describe the main epidemiological, clinical, and laboratory features,
treatment options and outcome in children with brucellosis.
Methods: Retrospectively evaluated data were obtained from 317 pediatric patients with
brucellosis that were treated at the University Clinic for Infectious Diseases and Febrile
Conditions in Skopje, during the period from 1989 to 2011. The medical records and
follow-up protocols were used for evaluation.
Results: Childhood brucellosis composed 317 (18.7%) of 1 691 patients with brucel-
losis. The patients were median 9 years old, ranging from 7 months to 14 years, and 201
(63.4%) were males. Family history was present in 197 (62.1%), and direct contact with
animals occurred in 140 (44.2%) of the children. The dominant manifestations were fever
in 248 (78.2%), joint pain in 228 (71.9%) and hepatomegaly in 216 (68.1%). Organ
affection was present in 206 (65.0%) of the patients. One hundred and six (33.4%) of the
patients were treated with combination composed of two, and 211 (66.6%) with three
antimicrobial agents. Relapses were registered in 21 (6.6%), and therapeutic failures in 3
(0.9%) of the children.
Conclusions: In endemic regions childhood brucellosis represents a significant part of
human cases. Wide spectrum of clinical manifestations, frequent affection of various
organ systems and possibility of relapses show that brucellosis could be a serious disease
in this age group. The presence of fever, joint pain, sweating, and affection of various
systems in children from endemic regions should alert pediatricians for the possibility of
brucellosis.
1. Introduction

Human brucellosis is a worldwide distributed zoonosis that is
characterized with protean clinical manifestations [1]. The
disease is mainly acquired by contact with infected animals
and their products, ingestion of thermally unprocessed food
from animal origin, and aerosol inhalation [2]. The way
brucellosis sustains among humans in endemic regions is
mainly based on the food tradition and husbandry practices
[3,4]. In developed countries, brucellosis is a sporadic illness,
and illegally imported unpasteurized dairy products and
international travel in endemic regions play a significant role
in disease acquirement. Not to underestimate as a possible
way for disease achievement in these regions is professional
acquisition, either in microbiological laboratories, or during
close professional activities with animals [4–6].

All age groups are susceptible to human brucellosis [7–9]. It
has been estimated that in endemic regions, quarter of the
patients are younger than 14 years [1,10–13]. Actually the rate
of childhood brucellosis in endemic regions is reported to be
from 11% [14] to 56% [15]. Also, the existing literature is
plenty with discrepancies concerning epidemiological and
clinical characteristics as well as the outcome rates in children
with brucellosis. The purpose of this paper is to find out the
main clinical, epidemiological characteristics and outcome of
childhood brucellosis in Republic of Macedonia as an endemic
nder the CC BY-NC-ND
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Figure 1. Annual distribution of childhood brucellosis from 1989 to 2011.
Blank bars indicate pediatric cases with brucellosis.
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region. To our knowledge this is one of the largest series in
literature with children suffering from brucellosis.

2. Materials and methods

We performed a retrospective analysis of medical records
and follow-up protocols of 317 patients with brucellosis
younger than 15 years. All of the patients were diagnosed and
treated at the University Clinic for Infectious Diseases and
Febrile Conditions in Skopje from January 1989 to December
2011. The study was approved by the Medical Faculty Ethic
Committee.

The diagnosis of brucellosis was made on the basis of
compatible clinical signs and symptoms in the presence of
positive serological tests, namely, standard tube agglutination,
Brucella Coombs test or the Brucellacapt assay, according to the
study period. The corresponding titers considered positive were
�1/160, �1/320 and > 1/320, respectively [16–19]. During the
study period, bacteriological isolation was not routinely
performed in the country.

Osteoarticular involvement was considered in the presence of
inflammatory signs in any peripheral osteoarticular location,
and/or inflammatory pain in any deep osteoarticular location
accompanied by evidence of abnormalities with adequate im-
aging techniques [20]. Respiratory system involvement was
accepted as the occurrence of conjunctivitis, sore throat,
hoarseness, cough, dyspnea, chest pain, chest auscultator
findings or abnormal chest X-ray. Gastrointestinal damage was
registered with vomiting, diarrhea, abdominal discomfort, and
abdominal tenderness on palpation. Liver involvement was
evident with jaundice and/or at least 2-fold rise of alanin
aminotransferase above upper normal limit. Orchitis and
epididymitis were diagnosed by the presence of swelling and
tenderness of the testis and epididymis. Neurobrucellosis was
defined as an existence of central nervous system disturbance in
combination with pathologic laboratory findings in the cere-
brospinal fluid or imaging techniques, or as clinically and by
electromyography proven peripheral neurological dysfunction.
Cardiac involvement was detected by the presence of a cardiac
murmur, EKG changes, or echocardiographic abnormalities. All
of the above mentioned manifestations were considered to be of
brucellar origin if it could not be explained and related with
other diseases, if there was some association between their
appearance and brucellosis course and if there was a positive
response on administered antibrucellar treatment. A therapeutic
failure was defined as an absence or a weak tendency for
improvement of symptoms and signs attributed to the disease
after 45 d of antibiotic treatment, and a relapse as the reap-
pearance of disease symptoms and signs after the antibrucellar
treatment was completed.

The patients were treated with combinations composed of
either two or three of the following antimicrobials: oral tetra-
cycline, 1 000–2 000 mg/day; oral doxycycline 100–200 mg/day
(both in patients older than 8 years); oral rifampin 15–20 mg/
(kg$d); oral trimethoprim/sulfamethoxazole 10–12 mg/(kg$d)/
50–60 mg/(kg$d); intramuscular streptomycin 20–25 mg/(kg$d)
and intramuscular gentamicin 5 mg/(kg$d). When used, tetra-
cycline, doxycycline, trimethoprim/sulfamethoxazole and
rifampin were administered for at least 45 d. Streptomycin was
used for the first 14–30 d, and gentamicin for the first 7–10 d. In
patients that manifested neurobrucellosis, myocarditis, or ther-
apeutic failure, treatment duration was 60–180 d.
Patients were treated as inpatients or outpatients, depending
on their age, disease severity, complications, medical infra-
structure in the place of residency, and consent for hospital
treatment. All patients underwent standard diagnostic protocol,
comprising of detailed anamnestic data, physical examination
and laboratory analysis, namely, hemoglobin, white blood cells,
lymphocytes, blood glucose level, blood urea level, liver func-
tion tests, and in some patients broader investigations like
erythrocyte sedimentation rate, platelets and C-reactive protein.
The first months after completing the treatment patients were
followed up once monthly, and afterwards in 2–6 months in-
tervals. During the control check-ups clinical evaluation, labo-
ratory and serology were evaluated.

Patient's age, illness duration prior to diagnosis, deferves-
cence, and follow-up period are presented using median and
range values. All other parameters are presented as frequencies
and percentages. The Chi-squared test was used for comparison
of examined variables. P < 0.05 was considered significant.

3. Results

Out of 1 691 patients with documented brucellar infection
that were managed at the University Clinic for Infectious Dis-
eases in Skopje during the investigated period, 317 (18.7%)
were children. Their annual distribution during the investigated
period is shown in Figure 1. Nine of the children (2.8%) were
previously hospitalized and investigated in different departments
due to unrecognized diagnosis.

As presented in Figure 2, 201 (63.4%) children were male
and 116 (36.6%) female, with a median age of 9 years, ranging
from 7 months to 14 years. Younger than 7 years (preschool age)
were 98 (30.9%) patients and the remaining 219 (69.1%) were 7
years or older (school age). Males were 150 (68.5%) of the
school and 51 (52.0%) of the preschool children (P = 0.005).
Family history of brucellosis was evident in 197 (62.1%) pa-
tients. In 167 (52.7%) children brucellosis was acquired
alimentary, in 140 (44.2%) there was direct contact with infected
animals, whereas in 10 (3.1%) patients the route of disease
acquisition remained unknown. One hundred and twenty three
(56.2%) of the school children had direct contact with infected
animals, whereas in preschool children this way of disease
acquisition was found in 17 (17.4%) (P < 0.001). In 162
(51.1%) of the children the onset of brucellosis was registered
during the period December–May, and in the remaining 155
(48.9%) it was during June–November. Animal contact was
proved in 81 (50.0%) children with illness beginning during the
period December–May, and in 59 (38.1%) in whom the first
manifestations were during the period June–November
(P = 0.032). In 113 (56.2%) of the male and in 49 (42.2%) of



Figure 2. Sex and age distribution in 317 children with brucellosis. Dotted
bars indicate females; Horizontal lines bars indicate males.
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female patients, the beginning of the disease was during the
period December–May (P = 0.016). Also, in 120 (54.8%) of the
school age and in 42 (42.9%) of the preschool age group,
brucellosis was manifested during the period December–May
(P = 0.049).
Table 1

Clinical characteristics in children with brucellosis, in the present and other

Reference
number

Percent of patie

Number of
cases

Fever
(symptom)

Malaise Sweating Arthralgia

[9] 53 90 98 72 83
[14] 48 87 77 79 67
[21] 157 100 91 NR 25
[22] 90 65 NR 19 86
[23] 147 39 17 19 61
[24] 200 70 67 22 74
[25] 102 91 60 19 73
[26] 115 88 18 9 73
[27] 32 94 28 NR 37
[28] 103 55 42 16 53
[29] 52 81 19 15 14
[30] 22 91 86 50 36
Present study
[n(%)]

317 248(78) 191(60) 202(64) 228(72)

NR: Not reported.

Table 2

Frequency of hematological and biochemical features in children with bruce

Reference
number

Percent of p

Number of
cases

ESR
>20 mm/h

Hb
� 100 g/L

WBC
�1 × 1010/L <4

[21] 157 81 6 12
[23] 147 52 20 NR
[24] 200 75 NR 14
[25] 102 68 33 0
[26] 115 74 25 23
[28] 103 62 17 14
[30] 22 91 41 9
[31] 52 73 40 2
[32] 21 87 65 5
[33] 34 38 53 3
[34] 60 NR 43 20
Present study
[n(%)]

317 119(42)a 33(10) 19(6)

NR: Not reported; ESR: Erythrocyte sedimentation rate; Hb: Hemoglobin;
Alanine aminotransferase; CRP: C-reactive protein.
a Studied in 283 patients. b Studied in 132 patients. c Studied in 144 patien
The median illness duration prior to establishing the diag-
nosis was 21 d, ranging 3–360 d. In 244 (77.0%) patients the
disease was recognized during the first month of the symptoms
onset. Nine (2.8%) of the patients had co-infection at the time
when diagnosis of brucellosis was confirmed, that is, three had
helminthiasis, two rubella, two salmonellosis, and one of each
tineacapitis and lambliasis. Co-morbidity was present in 8
(2.5%) children, that is, two with rachitis, and one of each with
chronic otitis, chronic mastoiditis, sinusitis, bronchial asthma,
celiac disease and epilepsy.

The dominant clinical manifestations in children with
brucellosis were fever, joint pain, and hepatomegaly (Table 1)
[9,14,21–30], and dominant laboratory parameters were elevated C-
reactive protein and lymphocytosis (Table 2) [21,23–26,28,30–34].
Two hundred and four (64.4%) of the patients at admission
showed the highest performed serological dilutions.
Osteoarticular involvement was noted in 133 (42.0%) children,
described separately [20], 34 (10.7%) had respiratory, 33
(10.4%) gastrointestinal manifestations, 8 (2.5%) had liver
involvement and 12 (3.8%) manifested different forms of skin
studies.

nts reporting manifestation

Weight loss Headache Fever
(sign)

Hepato-megaly Spleno-megaly

NR 94 NR 42 55
56 47 NR 25 37
NR NR NR 31 55
16 NR NR 23 18
NR 5 NR 5 5
67 NR NR 28 25
48 11 NR 28 35
NR 7 91 13 12
3 NR NR 69 78
13 17 NR 43 38
8 2 NR 69 48
14 18 77 46 32
33(10) 105(33) 154(49) 216(68) 167(53)

llosis, in the present and other studies.

atients reporting results

WBC
× 109/L

Ly > 40% Platelets
<1.5 × 1011/L

PCP ALT
>40 U/L

CRP
>5 mg/L

38 NR 28 NR NR NR
14 NR 9 3 26 64
30 92 2 NR 84 NR
30 NR 2 3 58 NR
9 NR 2 NR NR NR
8 NR NR NR NR NR
18 NR 14 NR 36 86
21 4 6 4 42 31
30 NR NR 10 NR NR
33 NR 12 NR 31 63
38 83 NR 18 NR NR
47(15) 201(63) 15(11)b 6(5)b 45(14) 114(79)c

WBC: White blood cells; Ly: Lymphocytes; PCP: Pancytopenia; ALT:

ts.



Table 3

Therapeutic options and relapses in 317 children with brucellosis.

Regimen Number of
treated patients

Relapses [n(%)]

R + D (T) + G (S) 18 2(11.1)
R + TMP-SMZ + G (S) 43 4(9.3)
D (T) + TMP-SMZ + G (S) 47 1(2.1)
R + D (T) + TMP-SMZ 103 8(7.8)
R + TMP-SMZ 74 4(5.4)
R + D (T) 19 2(10.5)
TMP-SMZ + G (S) 13 0(0)

R: rifampin; D: doxycycline; T: tetracycline; G: gentamicin; S: strep-
tomycin; TMP-SMZ: trimethoprim/sulfamethoxazole.
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eruption (macular, maculopapular, erythematous,
papulovesicular, and petechial). Also, two patients were
diagnosed with myocarditis, three manifested cutaneous
vasculitis, two had testicular affection, whereas epistaxis,
peripheral neuritis, central neuritis, meningitis, parotitis and
mastitis were diagnosed in one of each patient.

As shown in Table 3, 106 (33.4%) of the patients were
treated with two, and 211 (66.6%) with three antimicrobial
agents. In 121 (38.2%) of children parenteral antimicrobial
agents was used, whereas in 196 (61.8%) therapeutic combina-
tions comprised entirely of per oral drugs. In 167 children
(52.7%), most of them were with osteoarticular involvement and
fever, and acetaminophen or ibuprofen was given for some time
period. Depending on the clinical course and laboratory pa-
rameters, the treatment was sometimes supplemented with
antimycotics, B group vitamin supplements, as well as parenteral
rehydration. Corticosteroids were given in all patients with
myocarditis, testicular affection, pancytopenia and neuro-
brucellosis and in two children with respiratory involvement
until clinical and laboratory improvement was achieved.

The median defervescence was 3 d, ranging 1–20 d and the
median follow-up period was 6 months, ranging 0–84 months.
Relapses were seen in 21 (6.6%) children. Three patients with
osteoarticular involvement experienced therapeutic failure, as
described in other manuscript [20]. The rest of 293 (92.4%) were
cured with only one therapeutic course. In seven children, at
least 3 years post therapy and asymptomatic period with
declining serology, emergence of clinical signs and symptoms
with positive serological tests was seen, and this was
considered to be a re-infection. We had no cases with fatal
outcome.

4. Discussion

According to the incidence of brucellosis in the time period
that has been evaluated in this manuscript, Republic of
Macedonia was one of the leading states in the world [4]. The
rate of pediatric patients with brucellosis we reported is
comparable to the rate in certain regions of Turkey [9] and
India [35], higher than in Greece [8], and lower than the
incidence reported from certain Asian regions [27,36,37].
Concerning the male sex involvement and family history, our
findings were within the previously reported ranges: 33%–

79% [35,38] and 13.5%–73% [14,28] respectively. The disease
acquisition according to the season is 54% during the period
March–June in Greece [31], 71% during June–September in
Israel [39], and predominately April–August in Iran [15,40] and
Jordan [37]. The period December–May in Republic of
Macedonia is generally considered to be the most intensive
time with many different activities around animals (giving
labor, milking, and slaughtering), whereas in the rest of the
time the disease was mainly acquired through ingestion of
young cheese prepared from unpasteurized milk. The
predominant way of disease acquisition in school age male
children through contact with animals in the period
December–May, as well as high percentage of brucellosis
family history which is evident in this study, resembles the
children's living conditions and husbandry activities as a life
style in shepherds' families in this endemic region.

The time we needed to ascertain the diagnosis of brucellosis
is satisfactory and comparable with previously reported ones
[29,41,42], suggestive that there is a good level of suspicion about
brucellosis. Notably, early establishment of diagnosis is also due
to the endemicity of the disease and its familiar distribution.
Compared to others, one can find data about quicker
[23,26,30,43,44] or longer [22,38] duration of the symptoms until
the final diagnosis of brucellosis was done. As an entity, none
of the children with brucellosis reviewed in our study fulfilled
the criteria for fever of unknown origin [45,46], which is unlike
to other studies from endemic regions [33,47].

The clinical and laboratory characteristic in childhood
brucellosis in general are protean and non-specific, so they are
not conclusive enough to guide the clinician, especially in the
absence of epidemiological data [35,48]. It has been considered
that childhood brucellosis produces mild to moderate disease,
with exceptionally rare progress to chronicity [49] and
mortality [26,40]. As presented, the reported frequencies of
clinical and laboratory manifestations in children with
brucellosis were within a wide range. We showed a lower
percentage of patients with fever as a sign and also a lower
percentage of patients with elevated erythrocyte sedimentation
rate as the only declination from the already reported. Similar
to other studies [23,42], this study shows that most of the
patients at admission had maximal dilution of the titers of
antibrucellar antibodies, which in the absence of
microbiological methods significantly lessens the diagnosis.

Besides osteoarticular involvement, children with brucellosis
quite often suffer from affection of the hematopoietic, respira-
tory (ranging 2%–75%) [9,14], gastrointestinal (ranging 2%–

62%) [23,26], urogenital (ranging 2%–11%) [9,14,15], central
nervous (ranging 2%–15%) system[14,22,31,32], skin (ranging
2%–26%) [9,26], and heart (ranging 2%–10%) [31,32,35]. In
children with brucellosis many rare forms have been
described, like endocarditis [14,24,35], myocarditis [24–26],
pericarditis [32], nephritis [26,38], episcleritis, chorioretinitis [50],
uveitis [32,38,50], cholecystitis, ataxia [42], peritonitis [42,51],
central and peripheral neuritis [35,43], acute flaccid paralysis
[40], cerebral pseudotumor [52], demyelination [53], depression
[41], electrocardiographic changes, brain abscess, jaundice,
leucemoid reaction, systolic murmur [31], epistaxis [33,48], and
parotitis [42].

This study encircles the time period after 1986, the year in
which WHO published the still currently used recommendations
for the treatment of human brucellosis [54]. Nevertheless, as a
result of some of our own insights, experience and tradition,
most of our patients were treated with three antimicrobial
agents. Even today, there are some contradictions about the
treatment choice [30,49] and the treatment duration
[13,24,29,31,49,55–57] in children.
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Combined treatment with duration of at least 4 weeks in
childhood brucellosis results with a wide range of relapses; from
0 to 32% [22,30,35,42,58,59]. The percentage of relapses we
reported was alike in several other series with similar choice
of therapeutic protocols [22,24,25,40,60]. It seems that relapses
are not related to drug resistance [61,62] although one study
mentioned higher frequency when drugs to which brucellae
are resistant were used [44]. Nonetheless, comparing
therapeutic outcome in different series is difficult, considering
the differences in treatment duration, different drug regimens,
the follow-up period, definitions of relapse, and maybe even
the characteristics of the population and the infective agent.
Maybe we should have in mind too the quality of the prescribed
drugs used in the countries in transition. We accepted that pa-
tients who were lost of follow-up soon after treatment were
cured, having in mind that for almost all of them our hospital
was the only competent medical institution for this pathology.
The small number of patients in some of the different therapeutic
groups, as well as the retrospective character of this study, has
incapacitated us to make more complex analysis of the thera-
peutic efficacy of the different drug combinations that were used
in our patients.

In conclusion, in Republic of Macedonia, childhood brucel-
losis represents a significant part of human cases and is char-
acterized with wide spectrum of clinical manifestations, high
percentage of various organ involvements and appearance of
relapses and therapeutical failures. As a result of children's life
style and their engagement in everyday familiar activities, the
children's sex and age is evidently associated with the season
and the way in which brucellosis is acquired. Timely recognition
as well as prompt and proper treatment of the disease gives hope
to its favorable outcome.
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