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IntRoductIon

Melioidosis, caused by a Gram-negative bacillus Burkholderia 
pseudomallei, is a life-threatening disease endemic to Southeast 
Asia and Northern Australia. Often called the great mimicker, it 
may present with manifestations ranging from a chronic localized 
infection to an acute fulminant infection with multi-organ 
abscesses and has a high case-fatality rate of 16%–44%.[1,2]

Hyponatremia is frequently encountered in the setting of 
infection, with a reported incidence of 20%–60%.[3,4] Certain 
infections such as Legionella pneumonia, malaria, tuberculosis, 
HIV, and most recently, SARS-CoV-2 have been reported to 
be commonly associated with hyponatremia.[5-9]

Although hyponatremia is  often overlooked and 
under-evaluated, even mildly diminished levels of serum 
sodium (<135 mmol/L) have been linked with poorer clinical 

outcomes.[10] Several studies have found that the presence of 
hyponatremia is an independent risk factor for in-hospital 
mortality and prolonged duration of hospitalization, both in 
infectious and other clinical settings.[11-15] Hyponatremia is also 
associated with an increased need for intensive care unit (ICU) 
stay and mechanical ventilation.[16]

The association of melioidosis with hyponatremia has not 
been well described. Moreover, little is known about the 
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mechanism of hyponatremia and its effect on clinical outcomes 
in this setting. In the present study, we sought to determine 
the incidence of hyponatremia and study its impact on clinical 
outcomes in hospitalized patients with melioidosis.

Methods

Study design and setting
This was a retrospective analysis of a melioidosis registry at 
Kasturba Medical College, Manipal, a tertiary care referral 
hospital in the Udupi district of South India. The incidence 
of melioidosis in the Udupi district has been estimated to 
be 0.8/1000 hospital admissions and 1/100,000 population 
and this hospital has reported the highest number of cases of 
melioidosis in any single center in India.[17]

The study was approved by the Institutional Ethics Committee 
and was conducted in accordance with the Declaration of 
Helsinki.

Study participants
Adults (>18 years) with confirmed melioidosis based on 
positive culture for B. pseudomallei from any clinical specimen 
admitted during a 10-year study (January 01, 2010, through 
January 31, 2021) were included. Demographic, clinical and 
laboratory data were collected from hospital medical records. 
The outcomes studied were in-hospital mortality, need for ICU 
stay and mechanical ventilation.

Study definitions
A confirmed case of melioidosis was defined as one with 
a positive culture for B. pseudomallei from any clinical 
specimen. Hyponatremia was defined as serum sodium <135 
mmol/L, and severe hyponatremia as serum sodium <120 
mmol/L.[18] A diagnosis of syndrome of inappropriate 
antidiuresis (SIAD) was made if serum osmolality was <280 
mOsmol/kg water, with urine osmolality of >100 mOsmol/
kg water and urine sodium of >20 mmol/L.[19] Acute kidney 
injury (AKI) was defined and staged as per the 2012 KDIGO 
guidelines.[20] The diagnosis of sepsis was based on hospital 
records.

Statistical analysis
Statistical analysis was performed using SPSS version 22.0. 
Continuous data were tested for normality using the 
Kolmogorov–Smirnov test. Categorical data were presented 
as frequency (n) and percentages (%) and normally distributed 
descriptive data were presented as mean and standard 
deviation. Comparison of proportions was performed using 
the Chi-squared test and normally distributed continuous data 
were compared using the two-sample t-test. Univariable and 
multivariable logistic regression analysis was performed to 
identify factors associated with hyponatremia and to study 
the effect of severe hyponatremia on in-hospital mortality, 
need for ICU care and mechanical ventilation. Crude and 
adjusted odds ratios were calculated, with 95% confidence 
intervals (CI). All results were considered statistically 
significant at a P < 0.05.

Results

Patient characteristics
Two hundred and sixteen patients with melioidosis were identified 
during the study. After excluding those who did not have serum 
sodium reports, a total of 201 patients were included for analysis. 
The baseline characteristics are tabulated below in Table 1.

The mean age was 51.5 ± 13.6 years, and 158 (78.6%) were 
male. Diabetes mellitus, hypertension, and chronic kidney 
disease were the most common preexisting comorbidities 
and were seen in 154 (76.6%), 67 (33.3%), and 18 (9.0%), 
respectively. The most common clinical presentations were 
pneumonia and skin and soft tissue abscesses in 90 (44.8%) and 
53 (26.4%) patients, respectively. Sixty-three patients (31.3%) 
received ceftazidime, 92 (45.8%) received meropenem and no 
treatment details were available for the rest.

Hyponatremia in melioidosis
Hyponatremia was seen in 169 (84.1%) patients, with a 
mean serum sodium of 124.7 ± 6.7 mmol/L. At admission, 

Table 1: Clinical characteristics of study population

Total number (n=201)
Age, years (mean±SD) 51.5±13.6
Gender, n (%)

Male 158 (78.6)
Female 43 (21.4)

Co-morbidities, n (%)
Diabetes mellitus 154 (76.6)
Hypertension 67 (33.3)
CKD 18 (9.0)
CLD 8 (4.0)
Malignancy 7 (3.5)
Steroid therapy 4 (2.0)
HIV 2 (1.0)

Clinical presentation
Pneumonia 90 (44.8)
Skin and soft tissue abscess 53 (26.4)
Liver abscess 12 (6.0)
Splenic abscess 17 (8.5)
Other visceral abscesses 3 (1.5)
Septic arthritis/osteomyelitis 38 (18.9)
Encephalomyelitis 5 (2.5)
Bacteremia 131 (65.2)

Severity of involvement and outcomes
Sepsis 85 (42.3)
AKI 71 (35.3)

Stage 1 26 (12.9)
Stage 2 22 (10.9)
Stage 3 23 (11.4)a

Shock 36 (17.9)
ICU stay 54 (26.9)
Need for mechanical ventilation 33 (16.4)
In-hospital mortality 29 (14.4)

aOf those with stage 3 AKI, 17 required dialysis. SD: Standard deviation, 
CKD: Chronic kidney disease, CLD: Chronic liver disease, HIV: Human 
immunodeficiency virus, AKI: Acute kidney injury, ICU: Intensive care unit



Rao, et al.: Hyponatremia in melioidosis

Journal of Global Infectious Diseases ¦ Volume 14 ¦ Issue 2 ¦ April-June 202266

154 (76.6%) patients had hyponatremia and another 15 (7.5%) 
developed it during the hospital stay. Severe hyponatremia was 
noted in 35 (17.4%) patients.

Complete evaluation of hyponatremia, including serum and 
urine osmolality, urine sodium, serum cortisol, and thyroid 
function tests had been done in 22 patients, all of whom had 
serum sodium ≤125 mmol/L. Of these 22, 11 (50%) had 
features consistent with SIAD.

On comparison of those with and without hyponatremia, those 
with hyponatremia were older (mean age 52.5 ± 13.5 years 
vs. 46.1 ± 13.1 years, P = 0.02). Hyponatremia was also more 
common among patients with diabetes mellitus (P = 0.02) 
and AKI (P = 0.01) compared to those without. There was no 
significant difference between the two groups with respect to 
other covariates. On multivariable logistic regression analysis, 
age (adjusted OR 1.03, 95% CI: 1.00–1.06; P = 0.049), and AKI 
were independently associated with hyponatremia (adjusted 
OR 3.30, 95% CI: 1.19–9.19; P = 0.02) [Table 2].

Clinical outcomes
Fifty-four patients (26.9%) with melioidosis required intensive 
care, 33 (16.4%) needed mechanical ventilation and in-hospital 
mortality occurred in 29 (14.4%).

There was no statistical difference in mortality rates of 
those with and without hyponatremia (14.8% vs. 12.5%, 
P = 1.0). However, those with severe hyponatremia had a 
higher mortality rate than those without (28.6% vs. 11.5%, 
P = 0.01). Need for ICU care (57.1% vs. 20.5%, P < 0.001) 
and mechanical ventilation (31.4% vs. 13.3%, P = 0.01) was 
also higher among those with severe hyponatremia.

On multivariable logistic regression analysis, severe 
hyponatremia was independently associated with in-hospital 
mortality an adjusted OR of 3.75 (95% CI: 1.37–10.27; P = 0.01) 
[Table 3]. Severe hyponatremia was also associated with need 
for intensive care with an adjusted OR of 7.04, 95% CI: 2.88–
17.19; P < 0.001 and mechanical ventilation with adjusted 
OR of 3.99, 95% CI: 1.54–10.32; P = 0.004 [Tables 4 and 5]. 
Female gender and AKI were also independently associated 
with adverse clinical outcomes [Tables 3-5].

dIscussIon

We found hyponatremia in 84.1% of patients hospitalized with 
melioidosis, and severe hyponatremia in 17.4%. Of these, most 
patients (76.6%) had hyponatremia at presentation.

There is scarce literature on hyponatremia in the setting of 
melioidosis. In fact, data on serum sodium levels are not 
available in most studies on melioidosis and this clinical 
finding may have been hitherto overlooked. A few retrospective 
studies have alluded to hyponatremia as a finding in as high 
as 90% of patients with melioidosis; however, these studies 
did not specifically focus on this issue.[21,22] Similarly, a few 
case reports and one case series of melioidosis have mentioned 
hyponatremia as a finding.[23-25]

The pathophysiological mechanisms underlying hyponatremia 
in melioidosis are unclear. Li et al., in a case report of a patient 
with melioidosis-associated mycotic aneurysm, mentioned 
hyponatremia consistent with SIAD as a finding.[23] We 
found evidence of SIAD in 50% of the patients evaluated for 
hyponatremia. While SIAD could be the predominant cause of 
hyponatremia among other patients as well, it is not possible 
to determine the exact etiology in the absence of further data.

In the majority of patients with infections, hyponatremia is 
believed to be caused by increased antidiuretic hormone (ADH) 
secretion, either appropriately or inappropriately.[3,26] While 
nonosmotic stimuli such as hypovolemia, nausea, pain and 
certain medications could increase ADH secretion, the possible 
role of interleukin (IL)-6 or cytokine-mediated ADH release 
has also been postulated.[26,27] Another proposed mechanism 
is that of a reset osmostat due to changes in arterial partial 
pressure of carbon dioxide and oxygenation.[28] There is also 
evidence which suggest increased levels of atrial natriuretic 
peptide, as well as B-type-natriuretic peptide in patients with 
pneumonia.[29,30] These hormones may contribute to low sodium 
levels through increased natriuresis. Moreover, increased 
cytokine levels could also directly induce renal salt loss.[31,32]

Acute interstitial nephritis (AIN) causing renal salt wasting has 
been described as a cause of hyponatremia in legionellosis.[33] 
This mechanism is of particular interest since AIN has been 

Table 2: Predictors of hyponatremia in patients with 
melioidosis

Covariate Unadjusted OR 
(95% CI)

P Adjusted OR 
(95% CI)

P

Age 1.04 (1.00-1.01) 0.02 1.03 (1.00-1.06) 0.049
Male gender 1.89 (0.82-4.39) 0.14 - -
Diabetes mellitus 2.51 (1.11-5.66) 0.03 2.16 (0.92-5.07) 0.07
Hypertension 1.54 (0.65-3.66) 0.33 - -
CKD 0.91 (0.25-3.35) 0.89 - -
CLD 1.30 (0.15-10.92) 0.81 - -
Pneumonia 1.63 (0.74-3.62) 0.23 - -
AKI 3.40 (1.24-9.29) 0.02 3.30 (1.19-9.19) 0.02
CKD: Chronic kidney disease, CLD: Chronic liver disease, AKI: Acute 
kidney injury, OR: Odds ratio, CI: Confidence interval

Table 3: Predictors of in‑hospital mortality in melioidosis

Covariate Unadjusted OR 
(95% CI)

P Adjusted OR 
(95% CI)

P

Age 1.01 (0.98-1.04) 0.36 - -
Male gender 0.47 (0.20-1.15) 0.09 0.24 (0.08-0.61) 0.004
Diabetes mellitus 0.89 (0.37-2.35) 0.89 - -
Hypertension 1.48 (0.66-3.30) 0.34 - -
CKD 0.71 (0.16-3.28) 0.66 - -
CLD 3.81 (0.86-16.89) 0.08 3.08 (0.56-17.04) 0.20
AKI 7.63 (3.06-19.02) <0.001 9.48 (3.47-25.93) <0.001
Severe 
hyponatremia

3.05 (1.27-7.33) 0.01 3.75 (1.37-10.27) 0.01

CKD: Chronic kidney disease, CLD: Chronic liver disease, AKI: Acute 
kidney injury, OR: Odds ratio, CI: Confidence interval
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reported in patients with melioidosis as well.[21] We found that 
AKI occurred in over a third of patients with melioidosis and 
hyponatremia was three times more likely to occur in those 
with AKI. However, the etiology of renal dysfunction in our 
cohort was unknown since histopathological data was lacking.

Although there are several plausible explanations for hyponatremia 
in infections, it is unlikely that a single mechanism underlies all 
cases. Hypervolemic hyponatremia attributable to heart failure, 
cirrhosis, and renal failure, and hypovolemic hyponatremia due 
to gastrointestinal loss and diabetic ketoacidosis could all account 
for the derangements in serum sodium levels.

Further, we also found that patients with melioidosis and severe 
hyponatremia were approximately four times more likely to die 
in-hospital and need mechanical ventilation, and seven times more 
likely to require intensive care. This is consistent with previous 
studies in hospitalized patients which found that irrespective 
of the etiology of hyponatremia, low serum sodium levels are 
associated with poor clinical outcomes.[11-15] Waikar et al., in a 
large prospective study, found that serum sodium levels <135 
mmol/L at the time of hospital admission was independently 
associated with an increase of in-hospital mortality by 47%.[13] 
In addition, the presence of hyponatremia at admission has been 
associated with prolonged hospitalization.[34,35] In the setting of 
infectious diseases too, the association of hyponatremia with 
poorer outcomes has been reported.[36,37] However, whether this 
association indicates a causal relationship between hyponatremia 
and disease outcomes, or if hyponatremia simply reflects the 
severity of the underlying disease is unclear.

Our study also draws attention to the fact that hyponatremia in 
patients with melioidosis is often under-evaluated. Even in those 

with severe hyponatremia, only 40% (14/35) had been evaluated 
for the cause in our cohort. This is a significant concern since 
the identification of the underlying cause of hyponatremia 
has important therapeutic implications. While free water 
restriction is necessary for patients with SIAD, those with 
sepsis would clearly benefit from fluid resuscitation. Moreover, 
studies show that the failure to adequately investigate and treat 
hyponatremia, especially in those with severe hyponatremia, 
has been associated with adverse outcomes.[38,39] Huda et al. 
reported that only about 25% of patients of patients with serum 
sodium of < 125 mmol/L had undergone tests for serum and 
urine osmolality, while urine sodium had only been measured 
in 10%.[38] They also found that inappropriate management of 
hyponatremia, in terms of inadequate investigation or incorrect 
treatment, was associated with higher in-hospital mortality.

Our study has several strengths. It includes a large cohort of 
patients admitted over a 10-year study period with melioidosis 
and, to the best of our knowledge, is the first to specifically 
examine the incidence of hyponatremia, its risk factors, and 
its impact on outcomes in this setting. A major drawback is 
that this being a retrospective study, there is a paucity of data 
on serum and urine osmolality, urine electrolytes, patients’ 
volume status at presentation, and details regarding the use 
of medications such as diuretics. Although limited by the 
lack of etiological data, this study highlights the finding 
that hyponatremia is exceedingly common and that severe 
hyponatremia is an adverse prognostic indicator among 
patients hospitalized with melioidosis. The potential utility of 
serum sodium levels as a diagnostic clue for melioidosis needs 
to be explored. The mechanism of hyponatremia in melioidosis 
remains mostly elusive and needs to be studied further.

Table 4: Predictors of need for intensive care unit care in melioidosis

Covariate Unadjusted OR (95% CI) P Adjusted OR (95% CI) P
Age 1.03 (1.00-1.05) 0.04 1.01 (0.98-1.04) 0.68
Male gender 0.33 (0.17-0.68) 0.002 0.18 (0.08-0.41) <0.001
Diabetes mellitus 0.80 (0.39-1.65) 0.55 - -
Hypertension 1.72 (0.90-3.28) 0.09 1.40 (0.65-3.02) 0.38
CKD 1.83 (0.67-4.99) 0.24 - -
CLD 1.66 (0.38-7.19) 0.50 - -
AKI 2.96 (1.55-5.67) 0.001 3.82 (1.80-8.12) <0.001
Severe hyponatremia 5.14 (2.38-1.08) <0.001 7.04 (2.88-17.19) <0.001
CKD: Chronic kidney disease, CLD: Chronic liver disease, AKI: Acute kidney injury, OR: Odds ratio, CI: Confidence interval

Table 5: Predictors of need for mechanical ventilation in melioidosis

Covariate Unadjusted OR (95% CI) P Adjusted OR (95% CI) P
Age 1.02 (0.99-1.05) 0.11 - -
Male gender 0.33 (0.19-0.93) 0.03 0.21 (0.08-0.53) 0.001
Diabetes mellitus 0.79 (0.46-2.80) 0.79 - -
Hypertension 1.36 (0.63-2.94) 0.43 - -
CKD 0.28 (0.04-2.15) 0.22 - -
CLD 3.24 (0.74-14.28) 0.12 - -
AKI 5.25 (2.32-11.91) <0.001 6.78 (2.74-16.78) <0.001
Severe hyponatremia 2.98 (1.28-6.92) 0.01 3.99 (1.54-10.32) 0.004
CKD: Chronic kidney disease, CLD: Chronic liver disease, AKI: Acute kidney injury, OR: Odds ratio, CI: Confidence interval
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conclusIon

Hyponatremia occurs in a majority of hospitalized patients with 
melioidosis, with an incidence of 84.1% in our study. While 
the exact etiology is unclear in most, a subset of patients has 
features of SIAD. The presence of severe hyponatremia is 
associated with poor clinical outcomes.

Research quality and ethics statement
The authors of this manuscript declare that this scientific work 
complies with reporting quality, formatting and reproducibility 
guidelines set forth by the EQUATOR Network. The authors 
also attest that this clinical investigation was approved by the 
Institutional Ethics Committee (IEC no. 601).

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

RefeRences
1. Cheng AC, Currie BJ. Melioidosis: Epidemiology, pathophysiology, and 

management. Clin Microbiol Rev 2005;18:383-416.
2. Birnie E, Virk HS, Savelkoel J, Spijker R, Bertherat E, Dance DA, et al. 

Global burden of melioidosis in 2015: A systematic review and data 
synthesis. Lancet Infect Dis 2019;19:892-902.

3. Liamis G, Milionis HJ, Elisaf M. Hyponatremia in patients with 
infectious diseases. J Infect 2011;63:327-35.

4. Królicka AL, Kruczkowska A, Krajewska M, Kusztal MA. 
Hyponatremia in infectious diseases-a literature review. Int J Environ 
Res Public Health 2020;17:5320.

5. Fiumefreddo R, Zaborsky R, Haeuptle J, Christ-Crain M, Trampuz A, 
Steffen I, et al. Clinical predictors for Legionella in patients presenting 
with community-acquired pneumonia to the emergency department. 
BMC Pulm Med 2009;9:4.

6. Hanson J, Hossain A, Charunwatthana P, Hassan MU, Davis TM, 
Lam SW, et al. Hyponatremia in severe malaria: Evidence for an 
appropriate anti-diuretic hormone response to hypovolemia. Am J Trop 
Med Hyg 2009;80:141-5.

7. Misra UK, Kalita J, Bhoi SK, Singh RK. A study of hyponatremia in 
tuberculous meningitis. J Neurol Sci 2016;367:152-7.

8. Ruiz-Sánchez JG, Núñez-Gil IJ, Cuesta M, Rubio MA, Maroun-Eid C, 
Arroyo-Espliguero R, et al. Prognostic impact of hyponatremia and 
hypernatremia in COVID-19 pneumonia. A HOPE-COVID-19 (Health 
Outcome Predictive Evaluation for COVID-19) registry analysis. Front 
Endocrinol (Lausanne) 2020;11:599255.

9. Shu Z, Tian Z, Chen J, Ma J, Abudureyimu A, Qian Q, et al. HIV/
AIDS-related hyponatremia: An old but still serious problem. Ren Fail 
2018;40:68-74.

10. Darmon M, Diconne E, Souweine B, Ruckly S, Adrie C, Azoulay E, 
et al. Prognostic consequences of borderline dysnatremia: Pay attention 
to minimal serum sodium change. Crit Care 2013;17:R12.

11. Vandergheynst F, Sakr Y, Felleiter P, Hering R, Groeneveld J, Vanhems P, 
et al. Incidence and prognosis of dysnatraemia in critically ill patients: 
Analysis of a large prevalence study. Eur J Clin Invest 2013;43:933-48.

12. Funk GC, Lindner G, Druml W, Metnitz B, Schwarz C, Bauer P, et al. 
Incidence and prognosis of dysnatremias present on ICU admission. 
Intensive Care Med 2010;36:304-11.

13. Waikar SS, Mount DB, Curhan GC. Mortality after hospitalization with 
mild, moderate, and severe hyponatremia. Am J Med 2009;122:857-65.

14. Hao J, Li Y, Zhang X, Pang C, Wang Y, Nigwekar SU, et al. The 
prevalence and mortality of hyponatremia is seriously underestimated in 
Chinese general medical patients: An observational retrospective study. 
BMC Nephrol 2017;18:328.

15. Al Mawed S, Pankratz VS, Chong K, Sandoval M, Roumelioti ME, 

Unruh M. Low serum sodium levels at hospital admission: Outcomes 
among 2.3 million hospitalized patients. PLoS One 2018;13:e0194379.

16. Wald R, Jaber BL, Price LL, Upadhyay A, Madias NE. Impact of 
hospital-associated hyponatremia on selected outcomes. Arch Intern 
Med 2010;170:294-302.

17. Mukhopadhyay C, Shaw T, Varghese GM, Dance DAB. Melioidosis in 
South Asia (India, Nepal, Pakistan, Bhutan and Afghanistan). Trop Med 
Infect Dis 2018;3:51. 

18. Sterns RH. Treatment of severe hyponatremia. Clin J Am Soc Nephro 
2018;13:641-9.

19. Sahay M, Sahay R. Hyponatremia: A practical approach. Indian J 
Endocrinol Metab 2014;18:760-71.

20. Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney 
Injury Work Group. KDIGO clinical practice guideline for acute kidney 
injury. Kidney Int 2012;2 (Suppl):1-138.

21. Susaengrat W, Dhiensiri T, Sinavatana P, Sitprija V. Renal failure in 
melioidosis. Nephron 1987;46:167-9.

22. Prabhu RA, Shaw T, Rao IR, Kalwaje Eshwara V, Nagaraju SP, 
Shenoy SV, et al. Acute kidney injury and its outcomes in melioidosis. 
J Nephrol 2021;34:1941-8.

23. Li PH, Chau CH, Wong PC. Melioidosis mycotic aneurysm: An uncommon 
complication of an uncommon disease. Respir Med Case Rep 2015;14:43-6.

24. Barman P, Sidhwa H, Shirkhande PA. Melioidosis: A case report. J Glob 
Infect Dis 2011;3:183-6.

25. Schully KL, Berjohn CM, Prouty AM, Fitkariwala A, Som T, Sieng D, et al. 
Melioidosis in lower provincial Cambodia: A case series from a prospective 
study of sepsis in Takeo Province. PLoS Negl Trop Dis 2017;11:e0005923.

26. Swart RM, Hoorn EJ, Betjes MG, Zietse R. Hyponatremia and 
inflammation: The emerging role of interleukin-6 in osmoregulation. 
Nephron Physiol 2011;118:45-51.

27. Ellison DH, Berl T. Clinical practice. The syndrome of inappropriate 
antidiuresis. N Engl J Med 2007;356:2064-72.

28. Leach CL, Fuhrman BP, Morin FC 3rd, Rath MG. 
Perfluorocarbon-associated gas exchange (partial liquid ventilation) in 
respiratory distress syndrome: A prospective, randomized, controlled 
study. Crit Care Med 1993;21:1270-8.

29. Vazquez M, Jockers K, Christ-Crain M, Zimmerli W, Müller B, 
Schuetz P. MR-pro-atrial natriuretic peptide (MR-proANP) predicts 
short- and long-term outcomes in respiratory tract infections: 
A prospective validation study. Int J Cardiol 2012;156:16-23.

30. Krüger S, Ewig S, Kunde J, Hartmann O, Suttorp N, Welte T, et al. 
Pro-atrial natriuretic peptide and pro-vasopressin for predicting 
short-term and long-term survival in community-acquired pneumonia: 
Results from the German Competence Network CAPNETZ. Thorax 
2010;65:208-14.

31. Beasley D, Dinarello CA, Cannon JG. Interleukin-1 induces 
natriuresis in conscious rats: Role of renal prostaglandins. Kidney Int 
1988;33:1059-65.

32. Eisenhut M. Changes in ion transport in inflammatory disease. 
J Inflamm (Lond) 2006;3:5.

33. Haines JD Jr, Calhoon H. Interstitial nephritis in a patient with 
Legionnaires’ disease. Postgrad Med 1987;81:77-9.

34. Gill G, Huda B, Boyd A, Skagen K, Wile D, Watson I, et al. Characteristics 
and mortality of severe hyponatraemia – A hospital-based study. Clin 
Endocrinol (Oxf) 2006;65:246-9.

35. Whelan B, Bennett K, O’Riordan D, Silke B. Serum sodium as a risk 
factor for in-hospital mortality in acute unselected general medical 
patients. QJM 2009;102:175-82.

36. Nair V, Niederman MS, Masani N, Fishbane S. Hyponatremia in 
community-acquired pneumonia. Am J Nephrol 2007;27:184-90.

37. Holland-Bill L, Christiansen CF, Heide-Jørgensen U, Ulrichsen SP, 
Ring T, Jørgensen JO, et al. Hyponatremia and mortality risk: A Danish 
cohort study of 279 508 acutely hospitalized patients. Eur J Endocrinol 
2015;173:71-81.

38. Huda MS, Boyd A, Skagen K, Wile D, van Heyningen C, Watson I, et al. 
Investigation and management of severe hyponatraemia in a hospital 
setting. Postgrad Med J 2006;82:216-9.

39. Whyte M, Down C, Miell J, Crook M. Lack of laboratory assessment of 
severe hyponatraemia is associated with detrimental clinical outcomes 
in hospitalised patients. Int J Clin Pract 2009;63:1451-5.


