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Abstract
Introduction: Syndrome of inappropriate antidiuretic hormone secretion (SIADH), is generally characterized by
hyponatremia and hypo-osmolarity.
Objectives: SIADH may develop following some infectious diseases including brucellosis, which regarding the
severity of the disease may cause morbidity or mortality.
Patients and Methods: In this case-control study, 110 patients with brucellosis and 110 healthy controls were
enrolled. The case group was selected among patients having clinical signs and symptoms of brucellosis with a
Wright test titer ≥1/160 and a 2ME test titer ≥1/80. About 10 cc blood sample was taken from each of them to test
the blood sugar, thyroid stimulating hormone (TSH), serum sodium, serum potassium, blood urea nitrogen (BUN),
creatinine, and serum cortisol. Random urine samples were also taken from participants to measure the urinary
osmolarity and sodium.
Results: The frequency of hyponatremia (Na <135 mEq/L) in patients with brucellosis was significantly higher
than the control group but there was no significant difference between the groups in the frequency of abnormal
urinary sodium (more than 40 mEq/L). Meanwhile, the frequency of abnormal uric acid (less than 4 mg/dL)
was significantly higher in patients than the control group. The frequency of abnormal urine osmolarity (above
300 mOsm/kg) was significantly higher in patients than the control group. In total, only 9 out of 110 patients
had SIADH with asymptomatic mild hyponatremia and severe hyponatremia was seen only in one patient with
prolonged Brucella meningitis.
Conclusion: Based on the defined criteria, 8.2% of brucellosis patients were at the risk of SIADH, but the findings
were in favor of asymptomatic SIADH without prominent hyponatremia.

Introduction
Brucellosis is the most common zoonosis
caused by gram-negative coccobacillus
called ‘’Brucella spp’’, which its global human
incidence is more than 500 000 cases, annually.
Although it was identified more than a century
ago, brucellosis is still considered as one of
the most important common diseases among
humans and animals in many countries,
particularly in the Mediterranean and the
Middle East region. Animal and human
brucellosis are highly prevalent and endemic
in Iran so that the country is ranked as the
fourth concerning of the global incidence of
brucellosis (1).
Humans may be infected through the
consumption of unpasteurized milk and
dairy products, contaminated meat, or
direct contact with the secretions of infected

Key point
If hyponatremia is observed in patients with Brucella,
inappropriate antidiuretic hormone secretion should
be considered to prevent complications.

animals. Its clinical presentations include a
wide range, from asymptomatic infection
to acute, subacute, and chronic forms.
The main symptoms of brucellosis include
arthralgia, fever, sweating, weight loss, and
musculoskeletal pain (2).
It may occur with a variety of clinical
syndromes, including musculoskeletal,
typhoidal brucellosis, neuroborreliosis,
and epididymo-orchitis. Different degrees
of syndrome of inappropriate antidiuretic
hormone secretion (SIADH), which is
generally characterized by hyponatremia and
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hypo-osmolarity, may develop following some infectious
diseases, including brucellosis, which regarding the
severity of the disease may cause morbidity or mortality.
Common manifestations of this syndrome include general
weakness and attention disorder in mild to moderate cases,
and encephalopathy and brain edema in severe type (3).
Hyponatremia (serum sodium level less than 135
mEq/L) is the most common electrolyte disorder in
hospitalized patients, which one of its main and dangerous
complications is brain edema and encephalopathy (4).
This electrolyte disorder may be caused by increased
sodium excretion or decreased free fluid excretion, which
can be determined by measuring urine osmolarity. A urine
sodium concentration less than 25 mEq/L reveals the
effective volume loss, while urinary sodium concentration
above 25 mEq/L indicates inappropriate renal function,
consumption of diuretics or SIADH. Antidiuretic
hormone (ADH) is released from the posterior portion
of pituitary gland in response to an increase of plasma
osmolarity, which in turn causes reabsorption of water in
the kidneys and its concentration returns to the baseline
secondary to dilution of plasma. Occasionally, in some
patients, this hormone continues to be released despite
normal or low plasma osmolarity, leading to euvolemic
hyponatremia, disproportionate increase in urinary
osmolarity and a decrease in serum osmolarity, known
as SIADH (5,6). Central nervous system disorders, some
tumors, lung diseases including pulmonary tuberculosis,
endocrine disorders, paraneoplastic syndromes, and some
medications such as anticonvulsants, anti-Parkinson,
angiotensin-converting enzyme inhibitors, may cause
SIADH (3,7-10).
The best laboratory method to diagnose this
complication is simultaneous measurement of blood
and urine vasopressin as well as sodium and osmolarity
of plasma and urine; however, there is an easier method
which uses eight indicators: Hypotonic hyponatremia,
high urinary osmolarity (more than what expected for
this hyponatremia), and a urinary sodium more than 20
mEq/L, along with normal renal function, normal function
of endocrine glands (thyroid, pituitary and adrenal),
absence of hypovolemia, lack of edema, and response to
the fluid restriction (11).
Since untreated hyponatremia in infectious diseases such
as brucellosis may lead to severe complications including
confusion, delirium, muscle weakness, hyporeflexia,
seizures, and eventually cerebral edema, encephalopathy,
and coma (12-14), identification and treatment of
hyponatremia in patients with brucellosis helps to prevent
these complications and determining its frequency in
brucellosis endemic areas can be useful for physicians to
pay special attention to this complication.
Objectives
SIADH may develop following infectious diseases
including brucellosis, which regarding the severity of the
2
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disease may cause morbidity or mortality. In this current
study, patients with brucellosis are investigated to identify
the frequency of SIADH.
Patients and Methods
Study design
In this prospective descriptive-analytical study, 220
subjects including 110 brucellosis patients (aged more
than 15 years) and 110 healthy controls who were referring
to Sina hospital of Hamadan city (west of Iran), are studied
from 2018 to 2019. Participants were selected using the
convenience sampling method among patients having
clinical signs of brucellosis along with a Wright titer equal
or more than 1/160 and a 2ME titer equal or more than
1/80 (3). After obtaining written informed consent from
all participants, 10 cc blood sample was taken for testing
blood glucose, thyroid stimulating hormone (TSH), serum
sodium, serum potassium, blood urea nitrogen (BUN),
creatinine, and serum cortisol. Random urine samples
were also taken from all participants to measure the urinary
sodium and osmolarity. All patients and participants
in the control group were evaluated for the frequency
of SIADH diagnostic criteria (3,6) including euvolemic
hyponatremia (serum sodium less than 135 mEq/L),
serum hypo-osmolarity (serum osmolarity less than 275
mOsm/L), increased urinary sodium to more than 40
mEq/L, decreased serum uric acid to less than 4 mg/dL,
urinary osmolarity above 300 mOsm/kg, absence of renal,
thyroid and adrenal disorders, and absence of antidiuretics
consumption. Serum osmolarity was calculated according
to following formula: Serum Osmolarity = 2 ×(Serum Na
+ Serum K) + Glucose/18 + BUN/2.8
Exclusion criteria were; liver failure, heart failure, renal
failure, patients with brain edema or brain (pituitary) tumor,
thyroid disorders, adrenal disorders, CNS infections,
pneumonia, pulmonary tuberculosis, consumption of
diuretics and antidiuretics, anticonvulsants, anti-Parkinson
drugs, angiotensin-converting enzyme inhibitors, and
patients with a history of previous brucellosis.
Data analysis
Data were analyzed using SPSS version 16 (SPSS Inc.,
Chicago, IL, USA). Descriptive information extracted
from qualitative data was described in the form of
tables, graphs, ratios, and percentages. To summarize
quantitative variables, central and dispersion index were
used. The normality of data was examined using the
Kolmogorov-Smirnov test. Among the variables, age,
uric acid, and urinary sodium had a normal distribution
(P > 0.05), and the rest were slightly abnormal (P < 0.05).
The chi-square test was used to determine the frequency
of SIADH for qualitative, nominal, and rank variables.
Besides, to determine the frequency of SIADH based on
the quantitative variables, the student t test, and MannWhitney U test were used. All analyzes were performed
at a 95% confidence level, and the significance level was
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considered less than 0.05.
The sample size was calculated to 86 subjects in each
group, based on the study conducted by Golsahani et al
(1) with 95% confidence level and 95% statistical power,
but to increase the study power, 110 subjects were enrolled
in each group.
Results
In this descriptive-analytical study which aimed to
determine the frequency of SIADH in brucellosis and to
compare the results with a control group, 220 subjects
(110 patients with brucellosis and 110 healthy controls)
were studied. Frequency of males and females was 66.4%
and 33.6% in brucellosis patients, and 48.2% and 51.8%
in the control group, respectively (P = 0.006). The mean
(±standard deviation) age of patients with brucellosis and
control group were 43.97 (±16.30) and 44.68 (±17.09)
years, respectively (P = 0.328). In terms of location,
22.7% and 77.3% of patients with brucellosis and 73.6%
and 26.4% of the control group were urban and rural,
respectively (P = 0.001). Occupationally, 71 patients
(64.5%) were exposed to brucellosis with working in
a butchery, slaughterhouse and animal husbandry. In
addition, 101 patients (91.8%) had a history of consuming
local dairy products.
Among clinical syndromes, 102 (92.7%) subjects had
musculoskeletal involvement, 3 (2.7%) had orchitis, and
5 (4.5%) had typhoidal syndrome. One case of brucella
meningitis was also hospitalized, which was excluded due
to central nervous system disease.
As shown in Table 1, and according to the results of the
chi-square test, the frequency of hyponatremia (Na <135
mEq/L) in patients with brucellosis was significantly higher
than the control group (8.2% versus 1.8%) (P = 0.030).
The prevalence of abnormal urinary sodium status
(more than 40 mEq/L) in 80 patients whose urinary
sodium levels were tested and in the control group was
96.2% and 97.3%, respectively (Table 1). According to the
chi-square test result, no significant difference was found
between them (P = 0.691).
Additionally, the frequency of abnormal uric acid
(less than 4 mg/dL) in 86 patients whose uric acid levels

were measured and in the control group was 32.56%
and 16.4%, respectively (Table 1). According to the chisquare test result, the frequency of abnormal uric acid was
significantly lower for patients than the control group (P
= 0.008).
The frequency of abnormal urine osmolarity (above 300
mOsm/kg) in patients and the control group were 86.4%
and 70.9%, respectively (Table 1). According to the chisquare test, the frequency of abnormal urine osmolarity in
patients was significantly higher than the control group (P
= 0.005). In addition, serum osmolarity less than 275 was
not observed in any of the patients and the control group.
Abnormal serum cortisol (less than 5 ng/mL) was not
seen in any of the participants, which indicates the absence
of adrenal insufficiency in both groups. Furthermore,
abnormal TSH (in favor of hypo or hyperthyroidism) was
not identified in any of the participants, which indicates
the absence of significant thyroid disorders among patients
and healthy controls.
Moreover, there was no statistically significant difference
between patients and the control group in terms of the
frequency of abnormal urea (>20 mg/dL) and abnormal
creatinine (>1.5 mg/dL; P = 0.068 and P = 0.230), which
indicate the absence of significant renal failure in the
patient group.
Although 9 (8.2%) out of 110 brucella patients had
SIADH by defined criteria, their serum sodium levels
decreased slightly (133-134 mEq/L) and therefore appear
to be mainly mild asymptomatic hyponatremia. Severe
hyponatremia of 119 mEq/L was reported in only one
patient with prolonged brucella meningitis.
According to the findings of Table 2, the mean of
urinary sodium and urine osmolarity in brucellosis
patients were significantly higher than the control group,
and the mean of serum cortisol and uric acid in patients
were significantly lower than the control group. However,
there was no statistically significant difference between the
mean of serum sodium level, serum osmolarity and BUN
level between the two groups. Sum of these findings are
in favor of increasing the risk of asymptomatic SIADH
(without obvious hyponatremia) in brucellosis patients
compared to the control group.

Table 1. Comparison of frequency of SIADH diagnostic criteria between Brusellosis and healthy control groups
Case (Brusellosis)
No. (%)

Criteria of SIADH
Serum Na, <135 mEq/L
Urine Na, >40 mEq/L
Serum uric acid, <4 mg/dL
Urine osmolarity, >300 mOsm/kg
Serum osmolarity, <275 mOsm/L
a

Healthy control
No. (%)

Yes

9 (8.2)

2 (1.8)

No

101 (91.8)

108 (98.2)

Yes

77 (96.2)

107 (97.3)

No

3 (3.8)

3 (2.7)

Yes

28 (32.56)

18 (16.4)

No

58 (67.44)

92 (83.3)

Yes

95 (86.4)

78 (70.9)

No

15 (13.6)

32 (29.1)

Yes

0 (0)

0 (0)

No

110 (100)

110 (100)

P valuea
0.030
0.691
0.008
0.005
1

Chi-square test.
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Table 2. Comparisone of SIADH related biomarkers (Mean ± SD) between case and control groups
Group

Variable

Case (Brusellosis)

P value

Serum Na (Mean ± SD), mEq/L

140.46 (4.07)

140.04 (±1.88)

0.319a

Urine Na (Mean ± SD), mEq/L

143.39 (±60.8)

123.66 (±56.62)

0.023b

Serum uric acid (Mean ± SD), mg/dL

a

Healthy control

4.68 (±0.15)

5.36 (±0.13)

0.001b

Urine osmolarity (Mean ± SD), mOsm/kg

574.09 (±195.79)

510.82 (±219.94)

0.025 a

Serum osmolarity (Mean ± SD), mOsm/L

300.65 (±8.90)

299.62 (±4.73)

0.282 a

Mann–Whitney U, b Student t test.

Among the diagnostic criteria of SIADH, the frequency
of hypouricemia was significantly higher in women (50%)
than men (23.2%) and the frequency of urinary osmolarity
above 300 mOsm/kg in men (80.8%) was higher than
women (51.4%) (P = 0.001 and P = 0.012). Also, the
frequency of hyponatremia, urinary sodium more than 40
mEq/L and serum osmolarity less than 275 mOsm/L were
not significantly different between the men and women
with brucellosis (P > 0.05).
The mean age of patients with euvolemic hyponatremia
(42.61 ± 15.7 years) was significantly lower than patients
without hyponatremia (59.67 ± 14.33 years) based on
the non-parametric Mann-Whitney U test (P = 0.014).
However, there was no statistically significant difference
between the mean age of patients with hypouricemia,
urinary osmolarity above 300 mOsm/kg, urinary sodium
more than 40 mEq/L and serum osmolarity less than 275
mOsm/L and patients without these criteria (P > 0.05).
Also, there was no statistically significant difference
between the mean duration of brucellosis in patients with
hyponatremia, hypouricemia, urinary osmolarity above
300 mOsm/kg, urinary sodium more than 40 mEq/L and
serum osmolarity less than 275 mOsm/L and patients
without them (P > 0.05), according to the results of MannWhitney U test.
Discussion
In the current study, 110 patients with brucellosis were
compared with 110 healthy subjects concerning the
incidence of SIADH according to the laboratory findings.
Overall, the results indicated a higher incidence of this
syndrome among patients. Based on the diagnostic
criteria of SIADH, in the brucellosis group, 9 subjects
(8.2%) had hyponatremia, 77 patients (96.2%) had
urinary sodium more than 40 mEq/L, 28 participants
(32.6%) had hypouricemia, and 95 patients (86.4%) had
urinary osmolarity above 300 mOsm/kg. Based on the
aforementioned criteria, only 9 patients (8.2%) had typical
SIADH.
Other studies that investigated the coincidence of the
SIADH including the following; the study conducted by
Tagarro et al (15) on hospitalized children with communityacquired pneumonia, reported that hyponatremia is
common but true SIADH is a rare event; Callewart et al
(16) study on patients who had spinal surgery, reported
4
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a coincidence of 6.9%; the study performed by Cui et al
(17) reported 38.7–73% coincidence of hyponatremia
in tuberculous meningitis and stated SIADH as the
main cause in children; Moro et al (18), reported 16.8%
incidence of hyponatremia during traumatic brain injury.
Dugler et al (19) investigated 35 patients with acute
brucellosis in Turkey which 19 (54%) of them had SIADH.
Bala et al (3) investigated 160 patients with brucellosis,
that 35 (21.9%) of them had SIADH. In the current study,
8.2% of patients had typical SIADH with full diagnostic
criteria. Differences observed in the results of the studies
may be due to the differences in the disease severity or
stage. Since brucellosis is endemic in Iran, despite having
clinical symptoms and positive serologic results consistent
with brucellosis, most of the referring patients are not in
the acute or severe stage of disease to lead to symptomatic
SIADH. Although some diagnostic criteria for SIADH,
including urinary sodium above 40 mEq/L and urinary
osmolarity above 300 mOsm/kg, were observed in a high
percentage of patients.
According to the diagnostic criteria, in the study
conducted by Aysha et al (20), about 24% of patients
with brucellosis had low plasma osmolarity. Besides, they
reported that in patients with brucellosis, SIADH occurs
as asymptomatic hyponatremia, which is consistent with
the results of the present study.
In a study by Dugler et al (19) on 35 patients with acute
brucellosis, 57% of subjects had hypouricemia, and all of
the patients had an increased level of urinary sodium. In
the current study, 32.6% of patients had hypouricemia,
and in 96.2% of cases, urinary sodium was more than 40
mEq/L which is consistent with the study of Dugler et al.
In the current study, among diagnostic criteria of
SIADH, the frequency of hypouricemia was significantly
higher in women than men, and the frequency of urinary
osmolarity more than 300 mOsm/kg was significantly
higher in men than women. Besides, the mean age of
patients with hyponatremia was significantly lower than
that of patients without hyponatremia. In the current
study, there was no statistically significant difference
between the mean duration of disease in patients with
and without diagnostic criteria of SIADH. Likewise, Bala
et al (3) reported that there was no statistically significant
difference in the incidence of SIADH in terms of age and
gender.
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Conclusion
Although 8.2% of brucellosis patients were diagnosed
with SIADH based on the defined criteria, their serum
sodium levels decreased slightly (133-134 mEq/L), and
therefore it appears to be mostly asymptomatic mild
hyponatremia. Severe hyponatremia was reported in only
one patient with prolonged Brucella meningitis. However,
if hyponatremia is observed in patients with Brucella,
SIADH should be considered to prevent complications.
It seems that screening of brucellosis patients for SIADH
is not necessary except in patients with neurological
manifestations.
Limitations of the study
The limitation of the study was the failure to refer some
patients to perform the requested tests, which maximum
participation was achieved by educating and justifying
the patients about the importance and consequences of
the disease and following up the patients with contact
numbers.
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