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 Background: Our study aimed to demonstrate the frequency of the syndrome of inappropriate ADH secretion (SIADH) and 
associated factors during the course of brucellosis in children and adolescents.

 Material/Methods: The study included children and adolescents aged 0–18 years old diagnosed with brucellosis between 2012 
and 2014. The data were collected from patient charts. The diagnosis of brucellosis was made based on titra-
tions >1:160 in standard Wright tube agglutination tests and/or positive culture tests. SIADH diagnosis was 
made based on the following criteria: euvolemic hyponatremia, serum Na+ <135 mmol/L, presence of serum 
hypoosmolarity (serum osmolarity <275 mOsm/L), increased urinary sodium (>25 mmol/L with normal dietary 
salt intake), low uric acid (<2 mg/dL), absence of kidney, thyroid or adrenal disease, and any anti-diuretic use.

 Results: The study included 160 children and adolescents with mean age of 9.58±3.95 years (range: 2–18 years) in-
cluding 70 girls (43.8%) and 90 boys (56.2%). When the patients were stratified based on SIADH, it was found 
that SIADH was present in 35 patients (21.9%). SIADH was associated with elevated glucose (p<0.001), ALT 
(p<0.05), AST (p<0.05), LDH (p<0.001), CRP (p<0.001), and MPV (p<0.001); and decreased potassium (p<0.05), 
chloride (p<0.001), albumin (p<0.001), total protein (p<0.05), and hemoglobin (p<0.05) levels.

 Conclusions: Our study reports on the frequency, clinical characteristics, predisposing factors, and management of SIADH 
that can develop in children and adolescents diagnosed with brucellosis.
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Background

Brucellosis is a zoonotic disease caused by Gram-negative 
bacteria, namely Brucella spp. Humans can be infected by the 
ingestion of raw dairy products, the consumption of infect-
ed meat from sheep, goat, cattle, water buffalo, camel, and 
pig and close contact with the secretions from infected an-
imals Main symptoms include arthralgia of the large joints, 
fever, and myalgia. Brucellosis usually causes abortion and 
sterility in animals; however, it may cause a variety of clin-
ical manifestations in humans including fever and septice-
mia, and even multiple organ involvement [1]. Currently, bru-
cellosis remains an important public health issue in Turkey. 
It can affect people at any age, and children may represent 
20–25% of all case [2].

Hyponatremia defined as serum sodium level <135 mEq/L 
is the most commonly seen electrolyte disorder in hospitals. 
Hyponatremia can result in mortality due to misdiagnosis and 
mistreatment in some occurrences, although causes of hypona-
tremia can be readily identify; hyponatremia is seen in 3% of 
the hospitalized children [3]. The most serious consequences 
of hyponatremia are cerebral edema and encephalopathy [4]. 
Before initiating treatment, and immediately after detection of 
hyponatremia, the presence of accompanying hypoosmolarity 
should be evaluated. If hyponatremia is accompanied by hy-
poosmolarity, it should be determined if there is a reduction 
in free fluid clearance by calculating urinary osmolarity [5,6]. 
Another marker is urinary Na+ excretion. In general, urinary so-
dium concentration <25 mEq/L suggests loss of effective vol-
ume, whereas urinary sodium concentration >25 mEq/L sug-
gests renal tubular dysfunction, diuretic use, or syndrome of 
inappropriate ADH secretion (SIADH). SIADH is a heterogeneous 
disorder which is among the causes of euvolemic hyponatre-
mia. It is a condition where the ADH level is inappropriately 
high in terms of normal physiology despite low serum osmo-
larity. Particularly, it occurs in bronchial carcinoma, pneumonia, 
acute respiratory failure, hydrocephaly, encephalitis, meningi-
tis, psychosis, spinal cord lesions, and as a result of the use of 
ACE inhibitors, anticonvulsant, anti-neoplastic agents, anti-Par-
kinson drugs, lipid lowering agents, tricyclic antidepressants, 
and oral hypoglycemic agents [7]. When untreated or improp-
erly treated hyponatremia leads to serious consequences [4]. 
The treatment of hyponatremia also varies depending on the 
etiological factors related to volume status. For this reason, it 
is important to determine the frequency and clinical outcome 
of SIADH with brucellosis diagnosis in the pediatric popula-
tion, and also one reason euvolemic hyponatremia is an im-
portant consideration. In the literature, there are only two ar-
ticles addressing the development of SIADH during the course 
of brucellosis and both studies were conducted on adult pa-
tients [8,9]. Our study is the first published study demonstrat-
ing the frequency of SIADH and associated factors in children 

and adolescents with brucellosis; thus, we think our study will 
be an important addition to the literature.

Material and Methods

The study included children and adolescents aged 0–18 years 
who were diagnosed with brucellosis between 2012 and 2014. 
The data were gathered from patient charts. The diagnosis of 
brucellosis was made based on titrations >1:160 in standard 
Wright tube agglutination tests and/or positive culture tests 
[10]. SIADH diagnosis was made based on following criteria: 
euvolemic hyponatremia, serum Na+ <135 mmol/L, presence 
of serum hypoosmolarity (serum osmolarity <275 mOsm/L), in-
creased urinary sodium (>25 mmol/L with normal dietary salt 
intake), low uric acid (<2 mg/dL), absence of kidney, thyroid 
or adrenal disease or any anti-diuretic use. Plasma osmolari-
ty was calculated by using following formula: 2× (serum Na+ 
+ K+) + glucose (mg/dL)/18 + BUN (mg/dL)/2.8 [7].

Our pediatric clinic has extensive experience in the manage-
ment of patients with brucellosis. Thus, clinicians in our pedi-
atric department are alert for complications that may develop 
in patients with brucellosis and we closely monitor patients for 
these complications, especially for hyponatremia. Particularly, 
all patients are closely monitored during treatment by routine 
evaluations in order to prevent overlooking hyponatremia, 
since hyponatremia is more frequently observed in patients 
with higher disease severity and degree of inflammation. Thus, 
biochemical evaluations, thyroid functions, ACTH and cortisol 
values, urinalysis, urinary density, serum glucose levels, and 
liver and kidney functions are routinely assessed in all hospi-
talized patient. In our pediatric clinic, overall 560 patients were 
diagnosed with brucellosis between 2012 and 2014. Of these 
cases, 400 were excluded from this study due to missing lab-
oratory data. Overall, 160 patients who had all laboratory data 
needed were included in the study. In addition, patients with 
chronic diseases, those on drug therapy, or those with neuro-
brucellosis were excluded. After extracting data from patient 
charts, demographic characteristics were compared between 
patients with or without SIADH.

Statistical analyses

Statistical analyses were performed by using SPSS for Windows 
version 13.0. For comparison between groups, Student’s t-test 
was used for parametric variables with normal distribution 
whereas chi-square test was used for non-parametric vari-
ables. p<0.05 was considered to be statistically significant. 
Parametric variables were expressed as mean ±SDS while non-
parametric data were expressed as count (%).
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Results

The study included 160 children and adolescents with a 
mean age of 9.58±3.95 years (range: 2–18 years) including 
70 girls (43.8%) and 90 boys (56.2%). Brucella agglutination 
tests were positive in all patients while only 20% had posi-
tive culture tests for brucella bacteria. All patients were eu-
volemic at presentation and urinary sodium excretion was in-
creased in all patients with SIADH. There was no patient with 
acid-base disorder. ACTH and cortisol values were within nor-
mal ranges. Figure 1 shows time of year at presentation ac-
cording to months and seasons. There was a significant in-
crease in the number of cases during summer and autumn 
(p<0.001). When the patients were stratified based on SIADH, 
it was found that SIADH was present in 35 patients (21.9%). 
Table 1 presents comparison of cases with or without SIADH 
according to age and gender. No significant difference was 
found between cases (p>0.05). Significant differences were 
detected when patients were compared for time of presenta-
tion (p<0.05). The patients with SIADH presented in summer 
in particular, while those without SIADH were clustered in au-
tumn. No significant differences were seen in physical findings 

(hepatomegaly, splenomegaly, fever, lymphadenopathy) at pre-
sentation (p>0.05). Table 2 presents comparison of laboratory 
data between groups. The SIADH was associated with elevated 
glucose (p<0.001), ALT (p<0.05), AST (p<0.05), LDH (p<0.001), 
CRP (p<0.001), and MPV (p<0.001); and decreased potassium 
(p<0.05), chloride (p<0.001), albumin (p<0.001), total protein 
(p<0.05), and hemoglobin (p<0.05) levels. Table 3 presents 
comparisons of hematological values between groups. There 
was higher CRP (p<0.001) and MPV values (p<0.001) and low-
er hemoglobin levels (p<0.05) in the group with SIADH. Table 4 
presents comparison of thyroid hormones, ACTH, cortisol, and 
urinary and plasma osmolarity between groups. There were no 
significant differences between groups (p>0.05). Plasma and 
urinary osmolarity were found to be significantly lower in the 
group with SIADH (p<0.001 and p<0.001, respectively). The 
uric acid levels were found to be low in 26 (74.3%) of the pa-
tients in the group with SIADH and 5% of the patients in the 
group without SIADH (p<0.001).

The patients were treated after stratifying by age (young-
er or older than 8 years) based on international standards. 
The patients younger than 8 years of age were treated with 

Figure 1.  Distribution according to months and seasons at presentation.
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Syndrome of Inappropriate ADH Secretion

pPresent Absent

Mean ±SDS (min–max) Mean ±SDS (min–max)

Age (yr)
9.14±3.92

(2–16)
9.7±3.96

(2-18)
>0.05

Gender

 Female (n (%)) 17 (48.6) 72 (57.6)
>0.05

 Male (n (%)) 18 (51.4) 53 (42.4)

Table 1. Comparison according to age and gender.
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trimethoprim-sulfamethoxazole + rifampicin, and the patients 
older than 8 years of age were treated with tetracycline + ri-
fampicin. The duration of treatment was 6 week and no com-
plications were observed during treatment. The patients had 
dramatic responses to fluid restriction during hyponatremia 
and all patients recovered without complication.

Discussion

In our study, the frequency of SIADH was found to be 21.9% 
among children and adolescents with brucellosis, represent-
ing a rather high frequency. In the comparison of patients with 
or without SIADH, we found that SIADH was associated with 
high blood glucose, ALT, AST, LDH, CRP, and MPV levels, and 

SIADH

pPresent Absent

Mean ±SDS Mean ±SDS

Leukocyte (×103·mm–3)  6.5±3.4  7.1±2.7 >0.05

Hemoglobin (g/dL)  11.8±1.8  12.5±1.5 <0.05

Platelet (×103·mm–3)  242.4±137.5  284.4±116.5 >0.05

Mean erythrocyte volume (fL)  76.0±17.7  76.7±8.9 >0.05

Mean distribution volume (%)  14.8±2.5  15.7±11.9 >0.05

Mean platelet volume (fL)  8.6±2.3  7.6±1.1 <0.001

Platelet distribution volume (%)  13.4±3.9  15.5±2.6 >0.05

Erythrocyte sedimentation rate (mm/h)  25.2±15.5  22.3±13.8 >0.05

C-reactive protein (mg/L)  39.2±49.4  14.1±18.1 <0.001

Table 3. Comparison of hematological parameters between groups.

SIADH

pPresent Absent

Mean ±SDS Mean ±SDS

Serum glucose (mg/dL)  106.6±25.6  93.6±12.6 <0.001

Blood urea nitrogen (mg/dL)  11.4±6.1  14.0±6.0 >0.05

Creatinine (mg/dL)  0.4±0.2  0.5±0.1 >0.05

Sodium (mEq/L)  130.8±3.4  141.4±25.9 <0.05

Potassium (mEq/L)  4.1±0.6  4.4±0.5 <0.05

Chloride (mEq/L)  99.7±5.4  104.2±2.9 <0.001

Aspartate amino transferase (U/L)  133.2±341.8  49.6±7.7 <0.05

Alanine amino transferase (U/L)  111.5±335.0  44.4±56.4 <0.05

Alkaline phosphatase (U/L)  389.2±215.1  463.4±296.3 >0.05

Gama glutamyl transferase  35.6±49.5  38.3±58.5 >0.05

Total Bilirubin (mg/dL)  0.8±1.2  0.4±0.5 >0.05

Direct Bilirubin (mg/dL)  0.5±0.9  0.2±0.4 >0.05

Total Protein (g/dL)  6.7±0.7  7.4±0.9 <0.05

Lactic dehydrogenase (U/L)  1110.9±889.2  598.6±239.6 <0.001

Albumin (g/dL)  3.7±0.6  4.3±0.4 <0.001

Table 2. Comparison of biochemical parameters between groups.
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decreased potassium, chloride, albumin, total protein, and he-
moglobin values. In the literature, there are only two original 
publications on the frequency of SIADH in patients with bru-
cellosis, while there are a limited number of case reports. In 
the study by Aysha et al., prospective evaluations were per-
formed in 58 of 270 patients [8]. The study by Dulger et al. 
prospectively evaluated 35 adult patients with brucellosis and 
reported SIADH frequency of 57% and SIADH was associat-
ed with high LDH, low albumin, and high globulin levels [9]. 
Our results are in agreement with this study. In addition, our 
study found that high AST, ALT, CRP, and MPV levels might be 
associated with the disease, suggesting a potential relation-
ship between severity of inflammation and SIADH.

In the study by Dulger et al., it was suggested that the mecha-
nism underlying SIADH development was not fully understood 
but it may be associated with hypoxia and intravascular vol-
ume depletion in some cases and excessive ADH production 
in SIADH developing during CNS infections [9]. However, oth-
er authors have concluded that the etiology of SIADH remains 
unclear in patients with brucellosis [11–13].

It should be noted that SIADH is the most frequent cause of 
hyponatremia, and reflects the severity of the underlying dis-
ease and is strongly associated with mortality. In SIADH, hypo-
natremia is associated with normovolaemia. Clinical features 
are mainly neurological and can lead to death, but mecha-
nisms of adaptation can limit cerebral edema. Etiologies are 
classified into six groups: , neurologic disorders, infections 
(mainly cerebral, meningeal, and pulmonary), drugs (in partic-
ular antidepressants), tumors, genetic causes, and idiopathic 
causes [14]. In particular, infections of the central nervous sys-
tem (CNS) like meningitis and encephalitis can cause SIADH 
by releasing excess ADH. In addition, hyponatremia resulting 
from SIADH can be also a frequent complication during pul-
monary infections [15]. In case of pneumonia, hypoxia and in-
travascular volume depletion are the primary mechanisms re-
sulting in SIADH development. Reset osmostat, a variant of 

SIADH in which the serum sodium concentration is normal-
ly regulated (and is therefore stable) at a lower level (typical-
ly between 125 and 135 mmol/L), has been reported in infec-
tious diseases such as tuberculosis and malaria [16,17]. It is 
noteworthy to mention that pro-inflammatory cytokine inter-
leukin-6 (IL-6) is found to be elevated in several infections 
(e.g., pneumonia, malaria), suggesting non-osmotic ADH secre-
tion [18,19]. However, anorexia that may develop during the 
course of infection can also cause SIADH [20]. Hyponatremia 
in HIV disease is associated with SIADH, volume depletion, and 
adrenal insufficiency; and patients with acquired immune de-
ficiency syndrome (AIDS) have been reported to have abnor-
mal adrenal cortical function [21]. Madariaga at al. reported 
a case of an HIV positive patient who presented with hypo-
natremia and a physical examination suggestive of hypovole-
mia, and the patient responded well to the administration of 
a mineralocorticoid hormone [22]. Thus, we think that SIADH 
may result from non-osmotic stimulation of ADH secretion as 
a result of excessive amounts of pro-inflammatory cytokines 
released, such as IL-6, given the fact that SIADH is particular-
ly seen in patients with higher degrees of inflammation and 
disease severity.

Symptomatic acute hyponatremia is a therapeutic emergen-
cy. When hyponatremia is asymptomatic, fluid restriction with 
salt intake is generally sufficient, but urea can be an alterna-
tive therapy, although for chronic SIADH there is currently no 
specific recommendation. Fluid restriction is not always feasi-
ble; and urea has proven efficacy, tolerance, and no associat-
ed long-term harm. Vaptans (vasopressin receptor antagonists) 
are shown to have good tolerance and efficacy for the correc-
tion of hyponatremia caused by SIADH in patients with mod-
erate hyponatremia and in asymptomatic patients. In the only 
study comparing vaptans and urea, efficacy and tolerance were 
found to be comparable. Currently, urea seems to be the first-
line treatment of hyponatremia in SIADH due to its cost al-
though further studies are needed [14]. In our study, the treat-
ment of hyponatremia was resolved with appropriate treatment 

SIADH

pPresent Absent

Mean ±SDS Mean ±SDS

TSH (mU/mL)  2.18±0.80  2.54±0.77 >0.05

Free T4 (µg/dL)  1.48±0.10  1.37±0.26 >0.05

ACTH (pg/mL)  29.00±10.46  28.75±10.19 >0.05

Cortisol (mg/dL)  12.21±2.48  11.52±2.38 >0.05

Plasma osmolarity (mosm/lt)  274.67±5.50  295.27±6.32 <0.001

Urine osmolarity (mosm/kg)  239.44±90.32  498.00±190.31 <0.001

Table 4. Comparison of hormonal parameters between groups.
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of brucellosis with antibiotics and fluid restriction. No compli-
cations were seen.

Conclusions

In conclusion, this study is important in several respects; it is 
the first study in the literature demonstrating the frequency of 
SIADH in children with brucellosis. Second, the study showed 
that SIADH had a high frequency of 21.9% in patients with bru-
cellosis, and SIADH was more likely to be seen with increas-
ing disease severity. Third, it showed that SIADH in patients 
with brucellosis had a dramatic response to fluid restriction.
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