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High serum nitric oxide levels in patients with severe leptospirosis
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a Gonçalo Moniz Research Centre, Oswaldo Cruz Foundation, Ministry of Health, Salvador, Brazil
b Federal University of Bahia, Salvador, Brazil

c Ribeirao Preto Faculty of Medicine, University of Sao Paulo, Ribeirao Preto, Brazil
d Division of International Medicine and Infectious Disease, Weill Medical College of Cornell University, New York, USA

Received 14 July 2006; received in revised form 7 November 2006; accepted 19 November 2006

Available online 2 January 2007

Abstract

Leptospirosis is a globally distributed zoonosis of major public health importance and is associated with severe disease man-

ifestations such as acute renal failure and pulmonary haemorrhage syndrome. However, the extent to which the pathogenesis of

leptospirosis mimics sepsis caused by Gram-negative bacteria remains unknown. The aim of this study was to evaluate serum levels

of nitric oxide (NO) in patients diagnosed with severe leptospirosis. Sera from 35 confirmed cases of severe leptospirosis and 13

healthy subjects were analysed. Patients with severe leptospirosis had significantly higher NO levels compared to healthy individuals

(30.82± 10.90mM versus 3.86± 1.34mM, P< 0.001), indicating that this immune mediator plays a role in the underlying systemic

inflammatory response.

© 2006 Elsevier B.V. All rights reserved.
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Leptospirosis is a widespread zoonosis caused by

pathogenic spirochetes from the Leptospira genus.

Transmission to humans is accidental and typically

occurs through contact with mud or water contaminated

with urine of infected animals, principally rodents. Tra-

ditionally a sporadic disease confined to a rural setting,

leptospirosis now causes yearly epidemics in urban liv-

ing conditions associatedwith extreme poverty (Johnson

et al., 2004; Karande et al., 2003; Ko et al., 1999;

LaRocque et al., 2005; Sarkar et al., 2002). Outbreaks
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CPqGM, Rua Waldemar Falcão, 121, Candeal, CEP: 40296-710 Sal-

vador, Bahia, Brazil. Tel.: +55 71 3176 2200; fax: +55 71 3176 2326.

Email address: miter@cpqgm.fiocruz.br (M.G. Reis).

are also associated with water sports and recreational

activities that result in exposure to pathogenicLeptospira

(Haake et al., 2002). The clinical spectrum ranges from

a mild anicteric disease to the more severe forms such as

Weil’s syndrome (jaundice, haemorrhagic diathesis and

acute renal failure), associated with a 10%mortality and

severe pulmonary haemorrhage syndrome (SPHS), for

which the case fatality rate can be >50% (McBride et

al., 2005).

The underlying pathogenic mechanisms associated

with the severemanifestations of leptospirosis are poorly

understood but it is assumed that a generalized endothe-

lial dysfunction, as observed in experimental and human

leptospirosis, is the main pathogenic mechanism of tis-

sue damage (De Brito et al., 1979; Nicodemo et al.,

1997). A similar process occurs in sepsis and ismediated
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by pro-inflammatory cytokines, including interleukins

IL-1, IL-6 and tumour necrosis factor alpha (TNF-a)

(Cohen, 2002). These pro-inflammatory cytokines lead

to increased expression of inducible nitric oxide syn-

thase (iNOS) and increased production of nitric oxide

(NO) in patients with sepsis. Leptospira components,

such as lipopolysaccharide and glycolipoprotein, have

been reported to activate leukocytes and stimulate the

production of pro-inflammatory cytokines such as TNF-

a and/or IL-8 (Cinco et al., 1996; Diament et al., 2002;

Werts et al., 2001; Yang et al., 2002). Furthermore, it has

been reported that high levels of TNF-awere associated

with lethal outcomes in hospitalised patients (Tajiki and

Salomao, 1996), modulated, to some degree, by IL-10

(Tajiki et al., 1997). Nevertheless, it remains unclear as

to the extent, if any, that sepsis and leptospirosis share

similar mechanisms. As NO is considered to be a major

mediator of endothelial dysfunction in sepsis, we deter-

mined NO levels in serum from patients with severe

leptospirosis and compared them to those obtained from

healthy individuals.

Acute phase serum samples were collected from 35

patients with confirmed severe leptospirosis from Couto

Maia Hospital, the infectious disease referral hospital in

Salvador, Bahia, Brazil during the period April 2000 to

September 2002. Patients who fulfilled the criteria for

severe leptospirosis (clinical symptoms compatible with

leptospirosis, jaundice, renal insufficiency (oliguria, cre-

atinine >1.5mg/dl, urea >150mg/dl), acute fever and

haemorrhagicmanifestations)were eligible for inclusion

in the study. Non-hospitalized patients or those who did

not fulfill the selection criteria were excluded from the

study. Diagnosis was confirmed by the microagglutina-

tion test (MAT) with the following criteria: a four-fold

or greater rise in titre between paired serum samples;

seroconversion (initial MAT titre of <100 increasing to

≥200); or a single serum titre ≥800 were considered

positive. Demographic, clinical and laboratory data were

available from hospital charts. Control serum samples

were collected from 13 healthy individuals. Informed

consent was obtained from each participant prior to the

collection of blood according to protocols approved by

the Ethical Committee of the Oswaldo Cruz Foundation.

Serum NO levels were determined by the mea-

surement of NOx (nitrite and nitrate) after enzymatic

reduction of nitrate with nitrate reductase, as previously

described (Tavares-Murta et al., 2002). Briefly, 50ml

of undiluted serum was incubated with the same vol-

ume of reductase buffer (0.1M potassium phosphate, pH

7.5, containing 1mMnicotinamide adenine dinucleotide

phosphate, 10mM flavin adenine dinucleotide and four

units of nitrate reductase/ml) for 20 h at 37 ◦C.The nitrite

(NO2
−) concentration was determined using the Griess

method (Green et al., 1981).

Comparison of the NO levels between cases and

control subjects was assessed using the non-parametric

Mann–Whitney test. The correlation between the NO

levels and serum creatinine was evaluated using the

Spearmancorrelation co-efficient. SPSS10.0 andGraph-

Pad Prism 4.03 software packages were used for

all statistical analyses. A P< 0.05 was considered

significant. Standard deviations were included where

appropriate in the text as ±values.

Among the 35 leptospirosis patients, 33 were male

and the mean age was 35.5± 13.7 (range of 14–71

years). Themost frequent clinicalmanifestations on hos-

pital admission were jaundice (33/35) and fever (30/35).

Respiratory insufficiency (respiratory rate greater than

28 per min) occurred in four patients. Shock, defined

by a systolic blood pressure less than 90mmHg, was

observed in five patients. Serum creatinine levels on

admission were >1.5mg/dl in 10 patients. The mean

maximum creatinine level measured during hospitaliza-

tionwas 4.92± 2.41mg/dl and 97.1% (32/35) of patients

had levels >1.5mg/dl. Eleven patients were subject to

intraperitoneal dialysis for, on average, 3 days (range 1–6

days). All patients survived and the average time of hos-

pitalization was 8 days (range 3–27 days). The control

individual group included 10 males, 3 females with an

average ageof 24.7± 3.2 (range19–30years of age). The

mean NO level in patients with acute leptospirosis was

30.82± 10.90mM compared to 3.86± 1.34mM among

control subjects (P< 0.001). Using a cut-off based on

the mean NO level of the control group plus two stan-

dard deviations (6.54mM), resulted in all patients having

detectable NO levels above the cut-off (Fig. 1).

Fig. 1. Serum nitric oxide levels in patients with leptospirosis and in

healthy adult individuals. A non-parametric Mann–Whitney test com-

paring NO levels was highly significant (P< 0.001), horizontal bars

represent the mean value for each group.
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The NO levels reported in this study are lower than

reported by Tavares-Murta et al. (2002). Variable lev-

els of NO, as detected by the Griess reaction, have been

reported in samples from healthy individuals. Nitrite was

found to range from0 to 20mM, and nitrate to range from

0 to 108mM in the blood of healthy individuals. Similar

ranges have been noted even when an automated process

is used to measure the Griess reaction. Explanations for

these variations in nitrite and nitrate are detailed exten-

sively in a recent review (Tsikas, 2006). Factors include

preparation of the blood prior to the Griess reaction, sta-

bility of reaction intermediates, formation of more than

one dye, pH and temperature. Differences in sample han-

dling and storage proceduresmay account for differences

NO levels of healthy individuals and those reported in the

literature. However, in our study, samples from patient

and control groups were processed and analysed in a

standardized manner.

A recognised marker for the severity of leptospirosis

in patients is the estimation of renal dysfunction based

on serum creatinine values (Ko et al., 1999; Daher et al.,

1999; Dupont et al., 1997; Esen et al., 2004; Panaphut

et al., 2002; Tantitanawat and Tanjatham, 2003). There-

fore, to analyse the relationship between serum NO

levels and severe leptospirosis, NO levels were com-

pared with the maximum serum creatinine value during

hospitalization. No significant correlation was observed

(Spearman rs = 0.307, P= 0.073). However, age was

found to correlate positively with maximum serum cre-

atinine values (rs = 0.49, P= 0.003). As NO levels are

known to correlate inversely with age (Anstey et al.,

1999; Di Massimo et al., 2006; Kleinbongard et al.,

2006; Rath and Krantz, 1942; Toprakci et al., 2000), a

partial correlation analysiswas performed.After control-

ling for age, a significant correlation between NO levels

andmaximum serumcreatinine valuewas observed (par-

tial correlation co-efficient = 0.34, P= 0.047, Fig. 2).

Alternate markers of disease severity, including time

of hospitalization (rs = 0.03, P= 0.86) and MAT titre

(rs =−0.19, P= 0.26), were not found to correlate with

NO levels.

The pathophysiological evidence for a systemic

inflammatory response in leptospirosis to date is lim-

ited. As mentioned previously, TNF-a levels have been

linked to the severity of the disease (Tajiki and Salomao,

1996; Tajiki et al., 1997), as has been reported in cases

of sepsis (Hotchkiss and Karl, 2003). Importantly, ele-

vated serum NO levels have been correlated with severe

forms of meningococcemia and other systemic inflam-

matory syndromes of infectious aetiology (Baines et

al., 1999; Mitaka et al., 2003). In addition, among 10

patients with severe leptospirosis studied in Thailand, 6

Fig. 2. Correlation between maximum serum creatinine values during

hospitalization and nitric oxide (NO) levels in 35 patients with severe

leptospirosis.

displayed a haemodynamic pattern similar to sepsis with

a high cardiac index and low systemic vascular resistance

(Siriwanij et al., 2005). In this study, serum NO levels

were significantly elevated in patients with severe lep-

tospirosis, indicating that NO is a major component of

the underlying systemic inflammatory syndrome. Previ-

ous evidence of a role for NO in leptospirosis include

reports of an increase in iNOS gene transcription in

murine proximal tubular cells after exposure to outer

membrane extracts of L. santarosai, that is dependent on

Toll-like receptor 2 (Yang et al., 2002, 2006). A recent

case report from Taiwan provided immunohistochem-

ical evidence by demonstrating that enhanced iNOS

expression in lung tissue was with concurrent diffuse

endothelial damage (Yang and Hsu, 2005).

The positive significant correlation between serum

creatinine and serum NO levels reported here suggests a

possible role forNOas amediator in the organic dysfunc-

tions observed in severe leptospirosis. NO is implicated

in endothelial dysfunction and renal medullary trans-

port inhibition (Beltowski et al., 2003; Fink and Delude,

2005), both central issues in leptospirosis (Lin et al.,

1999), thus it is plausible to speculate that increased

serum NO levels are at least an additional, if not a pri-

mary pathway leading to the peculiar pattern of renal

insufficiency observed in leptospirosis. The mechanism

of acute renal failure in leptospirosis is different to that

observed in sepsis. Leptospirosis initially causes a non-

oliguric hypokalemic form of ARF which progresses

to oliguric renal failure with severe volume depletion.

Furthermore, progression of infection to severe disease

manifestations and development of oliguric renal failure

is prolonged in leptospirosis as compared with Gram-

negative sepsis, and may be a possible explanation for
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the observed correlation between NO and serum creati-

nine. In addition, none of the patients died so conclusions

cannot be drawn on the role of NO as a prognostic factor

for case fatality. Conclusions cannot be drawn for the

role of NO in mild leptospirosis since all study subjects

were hospitalized patients with severe disease manifes-

tations. In summary, we report that serum levels of nitric

oxide are markedly increased in patients with severe

leptospirosis, while its relationship with pathogenesis,

including mechanisms of renal failure, deserves further

study. Studies of larger patient groups will be impor-

tant to evaluate the potential role of NO as a prognostic

marker for mortality and other clinical outcomes and as

a potential target for pharmacological control in cases of

severe leptospirosis.
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