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Abstract

Objectives

To describe the clinical spectrum and the cytokine response of leptospirosis patients in an

endemic setting of Sri Lanka.

Methods

Patients presenting to the university teaching hospital, Anuradhapura, Sri Lanka with a lep-

tospirosis-compatible illness were recruited over a period of 12 months starting from June

2012. Daily clinical and biochemical parameters of the patients were prospectively assessed

with a follow-up of 14 days after discharge. A magnetic bead–based multiplex cytokine kit

was used to detect 17 cytokines.

Results

Of the 142 clinically suspected leptospirosis patients recruited, 47 were confirmed and, 29

cases were labeled as “probable.” Thrombocytopenia and leukocytosis were observed at

least once during the hospital stay among 76(54%) and 39(28%) patients, respectively.

Acute kidney injury was observed in 31 patients (22%) and it was significantly higher among

confirmed and probable cases. Hu TNF-α and IL-1β were detected only in patients without

complications. Hu MIP-1b levels were significantly higher among patients with complica-

tions. During the convalescence period, all tested serum cytokine levels were lower com-

pared to the acute sample, except for IL-8. The cytokine response during the acute phase

clustered in four different groups. High serum creatinine was associated GM-CSF, high IL-5

and IL-6 level were correlates with lung involvement and saturation drop. The patients with

high billirubin (direct)>7 mmol/l had high IL-13 levels.
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Conclusions

Results of this study confirms that the knowledge on cytokine response in leptospirosis

could be more complex than other similar tropical disease, and biosignatures that provide

diagnostic and prognostic information for human leptospirosis remain to be discovered.

Introduction

Globally, 2.9 million disability-adjusted life years per annum are estimated to be lost owing to

leptospirosis [1]. This burden results in more than 1 million estimated cases and 58,900 deaths

[2]. Global studies in recent years have promoted awareness of leptospirosis and at the same

time increased the demand for high-quality data on which to design better interventions to

prevent and better treat this disease. Despite the accumulating evidence on various aspects of

leptospirosis, its control, prevention and clinical management remain as major challenges for

clinicians and public health professionals in tropical countries where the disease burden is

highest.

Clinical studies on leptospirosis have revealed a wide variation of morbidity and mortality.

A recent systematic review showed that, among untreated patients, median mortality ranges

from 2% to 37% among diagnosed cases [3]. With appropriate treatment—requiring prompt

diagnosis mortality was much lower and outcomes better. Based on the study setting, country,

selection criteria, and infecting strains, the clinical syndrome presented by most patients varies

between typical Weil’s disease and self-resolving undifferentiated fever. Understanding the

typical disease pattern is often difficult in terms of disease burden estimates, owing to sampling

biases [3].

Leptospirosis is hyperendemic in Sri Lanka. Since 2008 [4], incidence based on routine

notification exceeds 4,000 cases per year. Moreover, since 2003, prospective studies from

Kandy [5], Colombo [6,7], Gampaha [6], Galle [8], Peradeniya [9,10], Kegalle [11], and

Anuradhapura [12] have reported different rates of severe disease, varying case fatality

rates, and a wide range of clinical manifestations. These differences have been attributed,

at least in part to micro-geographical differences [12]; molecular characterization has

demonstrated that infecting Leptospira different in different ecological and socio-demo-

graphic contexts [7,9,11,12].

The different disease outcomes in leptospirosis could be attributed to various factors such

as; presence of virulence factors in certain serovar [13] or difference in host immune response

[14] such as patterns of cytokine production in early phase of the infection. IL-6, IL-8, IL-10

TNF-α and long pentraxin-3 (PTX3) are shown to be closely related to disease severity and

mortality [14–17]. However, Mikulski et al showed that TNF-α, IL-β, IL-1γa, PTX3, IL-6 and

IL-10 levels between mild and severe cases are not significantly differ [18]. Contradictory

results are available for IL-10/TNF-α ratio [17,18]. Bandara et al shows an involvement of

Th17 cells in the immunopathogenesis of leptospirosis with an increase in IL-17A, IL-21 and

IL-23 levels [19]. However, the cytokine response reported in different studies were shown to

be not conclusive and more data are required to have conclusive evidence [20].

To better understand the various aspects of clinical leptospirosis, robust data based on pro-

spective studies with minimal sampling bias need to be carried out. The present study aimed

to describe the full clinical spectrum and laboratory findings (including cytokine response) of

a prospectively studied, systematically sampled cohort of patients from a single clinical

research unit over a 1-year period in Anuradhapura, Sri Lanka.
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Materials and methods

Study setting

This prospective, longitudinal cohort study included subjects based on presenting with a lepto-

spirosis-compatible illness, beginning at the time of each patient’s hospital admission and con-

tinuing through outpatient follow-up after discharge up to 14 days. The study was carried out

in the Faculty of Medicine and Allied Sciences teaching unit of the teaching hospital, Anura-

dhapura (THA) affiliated with Rajarata University of Sri Lanka. Anuradhapura district typi-

cally reports 100–150 cases of leptospirosis annually, with the majority of cases reported from

THA. THA, the only sentinel site in Anuradhapura district for leptospirosis surveillance, has

three medical units at the time of present study, and patient admission is equally distributed

among these units.

Study enrollment

All clinically suspected cases of leptospirosis at THA were consecutively recruited for this

study. The study was a component of a larger fever-surveillance study, and systematic assess-

ment and investigations were carried out among all febrile patients admitted to the THA

teaching unit from June 2012 to May 2013. Dengue, typhus, and leptospirosis were the primary

focuses, and after excluding all other causes of fever, all remaining undifferentiated fever

patients were assessed clinically for possible cases of leptospirosis. We previously showed that

such a case definition may have low sensitivity—especially to detect anicteric leptospirosis and

mild cases [11]; therefore, we did not use the surveillance case definition proposed by the

WHO and adopted by the epidemiology unit of Sri Lanka for possible cases. Rather, we used a

less stringent case definition as proposed earlier to enhance inclusivity [21]. All clinically sus-

pected cases were considered as “possible” cases of leptospirosis.

Patient recruitment and data collection

During the study period, the first author, a physician in the THA teaching unit assessed all

febrile patients daily to consider each patient as a “possible” case for enrollment. All febrile

cases were assessed using a symptom and sign checklist given upon admission, at which time a

serum sample was also collected by a registered nurse. Data were collected using an inter-

viewer-administered questionnaire. A standardized protocol was used to systematically record

clinical and laboratory data. All patients were assessed daily while hospitalized. From day 1 of

hospital admission, routine measurements included complete blood counts, serum creatinine,

blood urea nitrogen, transaminases, alkaline phosphatase, bilirubin level, serum electrolytes,

and urine biochemistry. In addition, a routine X-ray was done for all patients who exhibited at

least one sign of respiratory involvement. All patients with probable cardiac involvement had

electrocardiograms performed. All patients were given an appointment for follow-up assess-

ment, and the examinations and routine investigations were carried out during the follow-up

visit at 14 days post-discharge from the hospital. All samples were stored in -80˚C until further

analysis.

All cases were confirmed according to the WHO Collaborating Leptospirosis Reference

Laboratory in France using the microscopic agglutination test (MAT) with a broad panel of

serovars (Table 1). We also used a lateral flow immunoassay (Immunemed Leptospira, Korea)

as a bedside/point-of-care diagnostic test. (Dahanayaka et al., 2017) Final diagnosis was estab-

lished based on a combination of results from these tests. In MAT titre, single high titre>1/

400, seroconversion of fourfold increase were considered as disease confirmation. Positive
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MAT titre without falling in to those categories or positive LFIA was considered as probable

cases. All other clinically suspected cases were considered as possible cases.

Multiplex cytokine assay

Multiplex cytokine assay was performed at Scripps Research Institute, La Jolla, Sand Diego. A

magnetic bead–based multiplex cytokine kit (Bio-Plex Pro Human Cytokine, [Bio-Rad, Her-

cules, CA) was used to detect 17 cytokines: IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-

12, IL-13, IL-17, Interferon-γ (IFN-γ), granulocyte colony-stimulating factor (G-CSF), granu-

locyte-macrophage colony-stimulating factor (GM-CSF), monocyte chemoattractant protein

(MCP-1), macrophage inflammatory protein (MIP-1b), and tumor necrosis factor (TNF-α).

Briefly, antigens supplied with the kit were used to generate a standard eight-point dilution

series. Samples were diluted 1:100 using the Bio-Plex standard diluent. The coupled beads

(50 μL) followed by standard or test sample were added to the wells of a pre-wetted 96-well

microtiter plate. After the recommended washing, plates were incubated for 30 min in a shaker

(850 rpm) at 25˚C. Detection antibody mixture (25 μL) was added, and the samples were incu-

bated on ice for 30 min and then washed. Finally, 50 μL of streptavidin-phycoerythrinwas

added, and after the recommended incubation [on ice for 10 min] and washing cycles, the

beads were resuspended in 125 μL assay buffer and analyzed using the BioPlex suspension

array system (Bio-Rad Laboratories) and Bio-Plex manager software. A curve fit was applied to

each standard curve according to the manufacturer’s manual, and sample concentrations were

interpolated from the standard curves. Each sample was assessed in triplicate, and the mean

cytokine concentration was taken as the final value.

Table 1. Serovar used in the MAT panel.

Serial Species Serogroup Serovar Strain

1 L. interrogans Australis Australis Ballico

2 L. interrogans Autumnalis Autumnalis Akiyami A

3 L. interrogans Bataviae Bataviae Van Tienen

4 L. interrogans Canicola Canicola Hond Utrecht IV

5 L. borgpetersenii Ballum Castellonis Castellon 3

6 L. kirschneri Cynopteri Cynopteri 3522 C

7 L. kirschneri Grippotyphosa Grippotyphosa Moskva V

8 L. interrogans Sejroe Hardjobovis Sponselee

9 L. interrogans Hebdomadis Hebdomadis Hebdomadis

10 L. interrogans Icterohaemorrhagiae Copenhageni Wijnberg

11 L. noguchii Panama Panama CZ 214 K

12 L. biflexa Semaranga Patoc Patoc 1

13 L. interrogans Pomona Pomona Pomona

14 L. interrogans Pyrogenes Pyrogenes Salinem

15 L. borgpetersenii Sejroë Sejroë M 84

16 L. borgpetersenii Tarassovi Tarassovi Mitis Johnson

17 L. interrogans Icterohaemorrhagiae Icterohaemorrhagiae Verdun

18 L. weilii Celledoni ND 2011/01963

19 L. interrogans Djasiman Djasiman Djasiman

20 L. borgpetersenii Mini ND 2008/01925

21 L. weilii Sarmin Sarmin Sarmin

22 L. santarosai Shermani Shermani 1342 K

23 L. borgpetersenii Javanica Javanica Poi

24 L. noguchii Louisiana Louisiana LUC1945

https://doi.org/10.1371/journal.pone.0261025.t001
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Levels of individual cytokines were statistically aggregated using principal component anal-

ysis with Varimax rotation and Kaiser Normalization. This was done to understand the com-

plex relationship between cytokines and the clinical outcomes.

Written informed consent was obtained from all eligible patients prior to enrollment in the

study. Ethics clearance for this study was obtained from the Ethics Review Committee of the

Faculty of Medicine and Allied Sciences, Rajarata University of Sri Lanka.

Results

Case confirmation

From June 2012 to May 2013, 142 clinically suspected leptospirosis patients were recruited to

the study. The cohort included 121 males (85%) and 21 females (15%). Median age of the

patients was 41 years (interquartile range 32–52 years) with approximately equal number of

men and women. Paired serum samples were available for analysis among 79 (55.6%) patients.

Of the study sample, 36 men, and 11 women were confirmed to have leptospirosis (Fig 1). In

addition, 29 cases were labeled as “probable” based on the pre-set case definitions used. The

rest (66) were considered as possible cases.

Temporal distribution of cases

There was a clear peak of leptospirosis cases from December to March, which was compatible

with the case notifications received by the regional epidemiologist for leptospirosis from Anu-

radhapura district (Fig 2).

Exposure history

Of the 76 cases (confirmed and probable), an exposure history was available for 74. The most

common exposure type was working in rice paddy fields (n = 63, 85%), proximity to marshy

land (n = 32, 43%), having contact with stagnant water (n = 19, 26%), and having contact with

surface waters (n = 16, 22%). All confirmed cases were able to provide a typical history of one

of these types of, whereas 3 probable cases and 12 possible cases were unable to recall any likely

leptospiral exposure.

Clinical profile of patients

Median duration of fever on admission was 4 days (IQ range 2–5 days), with no difference

among the confirmed, probable, and possible cases. Assessment of symptoms and signs on

admission revealed that myalgia and arthralgia were the commonest clinical presentation asso-

ciated with fever (Table 2). Classical features of leptospirosis, such as conjunctival suffusion

and icterus, were present in ~25% of study participants. There was no significant difference

(Chi square test, p< .05) between possible probable or confirmed cases and even after amal-

gamating confirmed and probable cases, results were same.

Clinical evolution of leptospirosis among the cohort

All hospitalized study participants were clinically assessed daily by one of the investigators. For

all study participants, routine laboratory tests were carried out daily, including white cell and

neutrophil counts. Total white cell count, neutrophil count and platelet count was not signifi-

cantly differ between confirmed/probable and possible cases (S1 Dataset). Further analysis was

done only for confirmed and probable cases (Fig 3). Thrombocytopenia was common at the

time of hospital admission. Total white cell and neutrophil counts dropped steadily until day

8, whereas the platelet count remained below the normal range throughout. Total white cell,
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neutrophil, and platelet counts returned to normal at 2 weeks post-discharge from the hospital

among all cases. A slight increase of packed cell volume (PCV) on day 2–4 was observed

among all confirmed cases (S1 Dataset). Of the 47 confirmed cases, 13 (27.6%) had PCV

increase more than 20% of the baseline value.

Complications and sequelae

Clinically significant hemorrhage was not observed in confirmed leptospirosis patients, despite

thrombocytopenia. Acute kidney injury, defined as an increase in serum creatinine of

>1.5-fold from baseline, was observed in 31 possible, probable and confirmed patients (22%).

Fig 1. Leptospirosis case confirmation among febrile patients admitted to the professorial medical unit, teaching hospital Anuradhapura from June

2012 to May 2013.

https://doi.org/10.1371/journal.pone.0261025.g001
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Among these, 15, 10, and 6 patients had risk, injury, or kidney failure, respectively, according

to the RIFLE classification [22]. Confirmed/probable patients were having significantly higher

percentage (31.6% vs 10.6%) of AKI compared to possible cases. Only AKI was significantly

different between confirmed/probable vs possible cases (Table 3).

Fig 2. Comparison of trends of leptospirosis cases admitted to the professorial medical unit, teaching hospital

Anuradhapura from June 2012 to May 2013 and routinely reported data from Anuradhapura district, Sri Lanka

during the same period.

https://doi.org/10.1371/journal.pone.0261025.g002

Table 2. Clinical features of leptospirosis presented by patients admitted to the teaching hospital Anuradhapura, Sri Lanka from June 2012 to May 2013.

Clinical feature Confirmed n % Probable % Possible n % Total n %

Myalgia 46 97.9 22 75.9 60 90.9 128 90.1

Arthralgia 42 89.4 25 86.2 59 89.4 126 88.7

Retroorbital pain 23 48.9 11 37.9 22 33.3 56 39.4

Abdominal pain 24 51.1 11 37.9 20 30.3 55 38.7

Vomiting 24 51.1 8 27.6 22 33.3 54 38.0

Calf muscle tenderness 16 34.0 6 20.7 23 34.8 45 31.7

Conjunct injection 18 38.3 6 20.7 14 21.2 38 26.8

Hepatomegaly 17 36.2 8 27.6 10 15.2 35 24.6

Reduced urine output 14 29.8 9 31.0 9 13.6 32 22.5

Thigh muscle tenderness 10 21.3 5 17.2 17 25.8 32 22.5

Chest pain 9 19.1 5 17.2 16 24.2 30 21.1

Icterus 13 27.7 5 17.2 11 16.7 29 20.4

Diarrhea 12 25.5 3 10.3 12 18.2 27 19.0

RH tenderness 10 21.3 2 6.9 6 9.1 18 12.7

Epigastric tenderness 4 8.5 4 13.8 2 3.0 10 7.0

Palpitation 3 6.4 2 6.9 4 6.1 9 6.3

Flushed appearance 2 4.3 1 3.4 6 9.1 9 6.3

None of these differences were significant (Chi square test, p>.05).

https://doi.org/10.1371/journal.pone.0261025.t002
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The duration of hospitalization ranged from 1 to 12 days with a median of 3 days. During

the study period, one death occurred (case fatality rate, 0.7%). This was a 51-year-old male

part-time farmer whose fever had been present for 6 days before admission and he died on the

10th day of hospitalization from a syndrome that included oliguric renal failure, pulmonary

hemorrhage and refractory shock. Serum creatinine was 140 μmol/L (normal range 90–

120 μmol/L) on admission. This patient had a MAT titer of 1/200 and a positive Leptospira

IgM in LFIA.

Fig 3. Changes in total white cell, neutrophil, and platelet counts during the course of illness among probable and

confirmed cases of leptospirosis admitted to the professorial medical unit, teaching hospital Anuradhapura, Sri

Lanka from June 2012 to May 2013.

https://doi.org/10.1371/journal.pone.0261025.g003

Table 3. Complications observed among patients with leptospirosis admitted to the professorial medical unit from June 2012 to May 2013, and routinely reported

data from the Anuradhapura district during the same period.

Confirmed (47) Probable (29) Possible (66) Total

n % n % n % n %

Liver involvement

SGPT>60 ul 17 36.2 4 13.79 23 34.9 44 31.0

Bilirubin (direct)>7 mmol/L 4 8.5 1 3.45 5 7.6 10 7.1

Acute kidney injury 19 42.5 7 36.8 11 14.9 31 21.8

Hypotension or shock

SBP<90mmHg 15 31.9 4 13.79 11 16.7 30 21.1

Required inotropic support 10 21.3 2 6.90 5 7.6 17 12.0

Lung involvement

Saturation drop <92% 1 2.1 1 3.45 6 9.1 8 5.6

Diffuse alveolar shadowing 4 8.5 3 10.3 3 4.6 10 7.0

Myocarditis 1 2.1 0 0.0 3 4.6 4 2.8

https://doi.org/10.1371/journal.pone.0261025.t003
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Cytokine analysis of study participants

We prospectively measured serum cytokines in patients suspected to have leptospirosis, with

the long-term goal of identifying potential a biosignature of acute leptospirosis. Though acute

sample cytokines were done for 43 confirmed/ probable cases, complete clinical and diagnostic

data were available from 41patients. The curve fit statistics of the cytokine analysis shows that

the generated data are not deviated from the standard curve, confirming the validity of cyto-

kine estimates. The metadata include 30 confirmed and 11 probable cases. Human (Hu) MIP-

1b was detected in all samples, and Hu MCP-1 (also called MCAF), Hu IL-8, Hu IL-6, and Hu

GM-CSF were detected in more than 75% of the samples. Hu IL-5 and IL-1β were detected in

only 2 and 4 samples, respectively, and hence were excluded from the cytokine analysis of the

acute samples (Fig 4).

We compared the distribution of cytokines among those patients who had complications

with those who lacked complications (Table 4). Of the 41 patients studied, 17 (42%) had one

or more complications. Impairment of renal function (serum creatinine>1 mg/dL for females,

>1.2 mg/dL for males) was observed for 16 patients (39%). Eleven patients (27%) had hypo-

tension (systolic blood pressure <90 mmHg, and diastolic blood pressure <60 mmHg), and 6

patients (15%) required treatment with inotropic agents. Six (15%) patients had pulmonary

involvement with abnormal chest X-rays, and 3 patients required intubation and ventilator

support.

Hu TNF-α and IL-1β were detected only in patients without complications. Hu MIP-1b

was detected in all 41 patients, and the levels were significantly higher among patients with

complications. While Hu IL-8 appeared to be elevated among patients with complications, the

difference was not statistically significant from uncomplicated cases.

Of the 41 leptospirosis cases with acute sample data, only 14 were followed up as outpatients

(8 confirmed and 6 probable), and samples from convalescent patients were available with at

Fig 4. Distribution of cytokines during the acute phase of illness among probable and confirmed cases of

leptospirosis admitted to the professorial medical unit, teaching hospital Anuradhapura from June 2012 to May

2013.

https://doi.org/10.1371/journal.pone.0261025.g004
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least 10 days from the acute phase to convalescence. Of the 14 cases for which paired samples

available, 7 (50%) had one or more complications. The distribution of serum cytokine level

during the convalescence period was not significantly different between patients with or with-

out complications (Table 5). Analysis of individual cytokines and complications shows that

different cytokines are associated with different outcomes (Table 6).

During the convalescence period, all tested serum cytokine levels were lower compared to

the acute sample, except for IL-8 (Fig 5). Changes in serum cytokine levels from acute-stage

samples to convalescence-stage samples were tested using the paired-sample t test. None of the

cytokines showed significant differences in paired samples between patients with and without

complications.

The principal component analysis showed a four factor solution for cytokines which

explained 87.6% of the variation (Bartlett’e test of sphericity, chi-square 1298, p< .001). As

shown in Table 7, the first component included Hu G-CSF, Hu IL-6, Hu MIP-1b, Hu MCP-1

(MCAF), Hu IL-4 and IL-1b. IL-8 loaded as a separate component on its own (Table 6). IL-5,

IL-7 and IL-13 were in a separate group with rest in another group. The observed groups were

not the typical proinflammatory or anti-inflammatory groups as described in the literature.

The cytokines group 1 was positively associated with increased serum creatinine levels (MVU

136, p .087) and the group 4 with Thrombocytopenia.

Discussion

Predicting the evolution of acute leptospirosis to severe, complicated disease remains a challenge

owing to wide variation of clinical disease, complex disease transmission pattern, and variability

of local mammalian reservoir hosts, local ecology, climate, host animals and virulence of local,

geographically dominant infecting Leptospira. Where leptospirosis is endemic—usually in

Table 4. Distribution of cytokines during the acute phase of illness among confirmed and probable leptospirosis patients with or without complications.

Complications

Yes (n = 17) No(n = 24) p value

Range Median Range Median

Hu IL-2 0–45.4 0.0 0–394.5 1.0 0.117

Hu IL-4 0–3.5 0.0 0–30.7 0.0 0.898

Hu IL-5 0–90.0 0.0 0–10.0 0.0 0.777

Hu IL-6 0–174.7 30.2 0–99499.4 19.5 0.285

Hu IL-7 0–114.6 0.0 0–12.2 0.0 0.936

Hu IL-8 0–12196.1 50.5 0–6872.1 13.1 0.067

Hu IL-10 0–712.0 12.2 0–846.8 13.7 0.989

Hu IL-12 0–304.5 0.0 0–1773.5 13.5 0.34

Hu IL-13 0–180.5 0.0 0–45.8 0.0 0.869

Hu IL-17 0–28.0 0.0 0–63.0 0.0 0.904

Hu G-CSF 0–14.8 5.7 0–2759.0 5.1 0.58

Hu GM-CSF 0–927.2 215.2 0–2381.2 144.0 0.778

Hu IFN-γ 0–600.3 0.0 0–15066.5 0.0 0.946

Hu MCP-1 (MCAF) 0–481.9 61.8 0–12375.9 42.6 0.853

Hu MIP-1b 207–1436.6 497.5 92–18771.9 300.2 0.028

Hu TNF-α 0–0.0 0.0 0–592.7 0.0 0.028

IL-1β 0–0.0 0.0 0–1808 0.0 0.081

The Mann Whitney U test was used for data analysis. None of the differences were significant.

https://doi.org/10.1371/journal.pone.0261025.t004
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resource-limited settings—routine diagnostic facilities are not typically available. Hence reliable

case reporting is generally not available leading to an underestimation of local as well as global

disease burden [23]. Disease burden estimates based on country-specific statistics are not precise

because reported data are biased in many ways, particularly based on the identification of typical

and severe case presentation for which diagnostic testing was sought.

Table 5. Distribution of cytokines during the convalescence phase among confirmed and probable leptospirosis patients with or without complications.

Complications

Yes (n = 7) No (n = 7) p value

Range Median Range Median

Hu IL-2 0–45.9 0 0–63.4 14.6 0.535

Hu IL-4 0–5.1 0 0–12.7 0 1.000

Hu IL-5 0–10.7 0 0–0 0 0.710

Hu IL-6 0–2265.5 0 0–20088.4 7.1 0.805

Hu IL-7 0–24.4 0 0–0 0 0.710

Hu IL-8 0–7736.2 53 0–2630.7 34.7 0.902

Hu IL-10 0–260.2 0 0–44.5 0 0.620

Hu IL-12 0–251.8 19.7 0–48.9 0 0.318

Hu IL-13 0–50.1 0 0–4.6 0 0.383

Hu IL-17 0–25.8 0 0–0 0 0.383

Hu G-CSF 0–28.8 0 0–253 0 1.000

Hu GM-CSF 0–781 518.2 126.7–775.6 290.5 1.000

Hu IFN-γ 0–572.9 46.4 0–876.8 0 0.535

Hu MCP-1 (MCAF) 21–2631.7 36.7 0–3387.2 28.3 0.620

Hu MIP-1b 105.2–6199.4 387.6 0–451.7 299.2 0.259

Hu TNF-α 0–51 0 0–424.4 0 1.000

IL-1β 0–58.9 0 0–880.1 0 0.710

The Mann Whitney U test was used for data analysis.

https://doi.org/10.1371/journal.pone.0261025.t005

Table 6. Acute phase cytokine levels and selected outcomes among confirmed and probable leptospirosis patients.

Complication Associated Cytokine Significance

Thrombocytopenia (Platelet <150,000) IL-8 p-0.02

MVU-100.000

Cardiac involvement requiring Inotropes MIP-1b p-0.01

MVU-39.000

Billirubin (direct)>7 mmol/l IL-13 p-0.035

MVU -11.000

High serum creatinine (Serum creatinine>100mg/dl for females/120mg/dl per males) GM-CSF p-0.03

MVU-123.000

Oxygen given MIP-1b p-0.06

MVU-55.000

Lung involvement IL-5 p-.045

MVU-57.000

Saturation drop IL-6 p-0.07

MVU-10.000

Hypotension MIP-1b p-0.08

MVU-107.000

IL-8 p-0.09

MVU-109.000

https://doi.org/10.1371/journal.pone.0261025.t006
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Despite the prospective nature of the present study, in which sensitive criteria for suspect-

ing cases was adopted and rigorous case definition was employed, we were not able to identify

a comprehensive cytokine biosignature of acute or complicated leptospirosis. Routine labora-

tory testing yield results consistent with previous reports, for example more prominent

changes with the same pattern of complete blood counts and serum chemistries, as reported

by de Silva et al. (2014) from Colombo, Sri Lanka. This may be attributable to the wide clinical

spectrum among patients in our study compared with the study of Silva et al. [24]. Here, we

observed that leukocytosis not a feature of leptospirosis in our study region, even though this

is expected for bacterial infections. However leukopenia usually differentiates leptospirosis

from dengue, which typical is associated with low white blood cell counts. Thrombocytopenia

was observed in more than half of our study cohort, which might complicate the clinical diag-

nosis because of potential confusion with dengue, in places such as Sri Lanka where both infec-

tions are transmitted. Hematoconcentration might be a helpful differentiator, a laboratory

maker in dengue. However, out data suggested that among confirmed leptospirosis patients,

around one fourth were having marked variation in PCV during hospital stay, which may

complicate the diagnosis furthermore.

Patterns of leptospirosis complications and clinical features observed in the present study

differ from those previously published during a post-flood outbreak of leptospirosis [12]. We

observed a high level of renal involvement (55% compared with 22%), but myocarditis was less

common (2% compared with 16% among confirmed cases). In addition, we observed that

nearly one-third of the confirmed cases developed hypotension with 20% requiring treatment

with inotropic agents, which was not observed in our previous studies [11,12]. Observing these

markedly different clinical features and outcomes strengthens the hypothesis that endemic

Fig 5. Distribution of serum cytokine levels in samples from acute and convalescent patients among probable and

confirmed cases of leptospirosis from the professorial medical unit, teaching hospital Anuradhapura from June

2012 to May 2013.

https://doi.org/10.1371/journal.pone.0261025.g005
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and epidemic leptospirosis may differ even in the same regional setting, and this is probably

attributable to different infecting Leptospira species or serovars present there [12]. This is a

reasonable working hypothesis in countries like Sri Lanka where at least five different species

of Leptospira that can cause human leptospirosis are currently circulating, with more than 40

identified serovars [25].

The presently reported cytokine profiles in severe and mild leptospirosis cases, with a subset

of such cases including both acute and convalescence phases, resulted in more questions than

answers. “Cytokine storm” has been previously reported as a marker of disease severity in lep-

tospirosis [26]. Our prospective study did not confirm such results, but instead results were

more complex, with elevated IL-6 and IL-8 among patients with complications. These findings

are compatible with previous cross-sectional studies. In contrast we could not confirm a previ-

ously reported difference in mean IL-10 levels among severe and mild cases [15,17,27]. IL-10

is known to regulate inflammation by down-regulating monocyte-derived TNF-α and IL-1

[28]. TNF-α was undetectable in most cases, but if detected it was only in patients without

complications. Acute-phase MIP-1b level ranged from 92 to 18772 units for patients without

complications and from 207 to 1437 for patients with complications. A previous study

reported higher levels of MIP-1b (11–2442 units) in severe cases and lower levels (0–765 units)

in mild cases [27]. These findings are contradictory but could be attributable to differences in

host response to different serovars that might be present in the two study settings. In acute and

convalescence phases, we observed marked reduction of almost all cytokines indicated disease

resolution. Papa et al. (2015) reported a gradual reduction of IL-6 and IL-8 within the first 5

days of illness and an increase thereafter [27], which differs from what we previously observed

[27]. During the convalescence phase, however, the levels of both IL-6 and IL-8 were lower,

and there was no significant change in their levels throughout convalescence.

Table 7. Factor analysis of cytokine response.

Rotated Component Matrixa

Component

1 2 3 4

Hu G-CSF 0.989

Hu IL-6 0.988

Hu MIP-1b 0.981

Hu MCP-1(MCAF) 0.974

Hu IL-4 0.907

IL-1b 0.753

Hu IFN-g 0.978

Hu TNF-a 0.967

Hu IL-12(p70) 0.876

Hu IL-2 0.323 0.837

Hu GM-CSF 0.829

Hu IL-10 0.694

Hu IL-5 0.989

Hu IL-7 0.987

Hu IL-13 0.984

Hu IL-8 0.993

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.
a Rotation converged in 4 iterations.

https://doi.org/10.1371/journal.pone.0261025.t007
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In this study, we were unable to identify a biosignature of leptospirosis using a large panel

of cytokine measurements. As reported in several other studies, our study clearly shows the

inadequacy of routinely reported data for disease burden estimates even in a known hyperen-

demic region. The district of Anuradhapura has six other hospitals with more than 100 beds,

and another 32 small hospitals with inpatient facilities. Throughout the study period, however,

we discovered that more than half of the number of leptospirosis patients in the district were

reported by one of the various university teaching units. These data clearly suggest that more

than half of the suspected inpatients did not diagnose leptospirosis. In addition, patients seek-

ing outpatient care–which is likely the majority of cases—were not included in these estimates,

which biases both reported and understanding the basis of severe leptospirosis disease and

complications. This underreporting could be due to a lack of clinical suspicion, as we observed

previously [11], lack of diagnostic facilities owing to problems with reporting, or these factors

in combination. Current data indicate that approximately 4,000 cases of leptospirosis are

reported annually to the central epidemiology unit of the Sri Lanka Ministry of Health. How-

ever, the actual number may exceed 10,000 based on observations reported in the present and

previous studies [12]. Systematic, population-based studies of patients with undifferentiated

fever with efficient diagnostics are to support better public health policies to control this dis-

ease on local, regional, national and international levels.

The results of this study have to be interpreted within the study limitations. The analysis is

based on confirmed probable and possible cases. On clinical grounds, we have not seen

marked differences in probable and possible cases. In a setting where other tropical diseases

such as hantavirus infection are common, these probable cases may affect the results. However,

these observations, especially the lack of association, needs to be documented in the scientific

literature to avoid publication bias. For a better interpretation of results, all data used are pro-

vided as supporting information file (S1 Dataset) so that other researchers could use the raw

data for further analysis.

Supporting information

S1 Dataset. The clinical, biochemical and cytokine data of patients.
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Acknowledgments

We acknowledge Mathieu Picardeau and National Reference Center and WHO Collaborating

Center for Leptospirosis, Institut Pasteur, Paris, France for MAT testing.

Author Contributions

Conceptualization: Niroshana J. Dahanayaka, Suneth B. Agampodi, Michael Matthias.

Data curation: Niroshana J. Dahanayaka, Suneth B. Agampodi, Rukman Rajapakse, Kosala

Ranathunga.

Formal analysis: Suneth B. Agampodi, Indika Seneviratna, Janith Warnasekara, Michael

Matthias.

Funding acquisition: Niroshana J. Dahanayaka, Suneth B. Agampodi, Joseph M. Vinetz.

Investigation: Niroshana J. Dahanayaka, Suneth B. Agampodi, Indika Seneviratna, Rukman

Rajapakse, Kosala Ranathunga, Michael Matthias.

PLOS ONE Cytokine response in leptospirosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0261025 December 8, 2021 14 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0261025.s001
https://doi.org/10.1371/journal.pone.0261025


Methodology: Niroshana J. Dahanayaka, Suneth B. Agampodi, Indika Seneviratna, Janith

Warnasekara, Michael Matthias, Joseph M. Vinetz.

Project administration: Niroshana J. Dahanayaka, Suneth B. Agampodi.

Resources: Suneth B. Agampodi, Joseph M. Vinetz.

Software: Suneth B. Agampodi.

Supervision: Suneth B. Agampodi, Michael Matthias, Joseph M. Vinetz.

Validation: Suneth B. Agampodi.

Visualization: Suneth B. Agampodi.

Writing – original draft: Niroshana J. Dahanayaka, Suneth B. Agampodi, Indika Seneviratna,

Janith Warnasekara.

Writing – review & editing: Suneth B. Agampodi, Michael Matthias, Joseph M. Vinetz.

References
1. Torgerson PR, Hagan JE, Costa F, Calcagno J, Kane M, Martinez-Silveira MS, et al: Global Burden of

Leptospirosis: Estimated in Terms of Disability Adjusted Life Years. PLoS Negl Trop Dis 2015, 9(10):

e0004122. https://doi.org/10.1371/journal.pntd.0004122 PMID: 26431366

2. Costa F, Hagan JE, Calcagno J, Kane M, Torgerson P, Martinez-Silveira MS, et al: Global Morbidity

and Mortality of Leptospirosis: A Systematic Review. PLoS Negl Trop Dis 2015, 9(9):e0003898. https://

doi.org/10.1371/journal.pntd.0003898 PMID: 26379143

3. Taylor AJ, Paris DH, Newton PN: A Systematic Review of the Mortality from Untreated Leptospirosis.

PLoS Negl Trop Dis 2015, 9(6):e0003866. https://doi.org/10.1371/journal.pntd.0003866 PMID:

26110270

4. Agampodi S, Peacock SJ, Thevanesam V: The potential emergence of leptospirosis in Sri Lanka. Lan-

cet Infect Dis 2009, 9(9):524–526. https://doi.org/10.1016/S1473-3099(09)70211-7 PMID: 19695489

5. Agampodi SB, Thevanesam V, Wimalarathna H, Senarathna T, Wijedasa MH: A preliminary study on

prevalent serovars of leptospirosis among patients admitted to teaching hospital, Kandy, Sri Lanka.

Indian J Med Microbiol 2008, 26(4):405–406. https://doi.org/10.4103/0255-0857.43557 PMID:

18974510

6. Rajapakse S, Weeratunga P, Niloofa MJ, Fernando N, Rodrigo C, Maduranga S, et al: Clinical and labo-

ratory associations of severity in a Sri Lankan cohort of patients with serologically confirmed leptospiro-

sis: a prospective study. Trans R Soc Trop Med Hyg 2015, 109(11):710–716. https://doi.org/10.1093/

trstmh/trv079 PMID: 26464233

7. Bandara KK, Weerasekera M, Gunasekara CP, Ranasinghe N, Marasinghe C, Fernando N: Molecular

characterisation and disease severity of leptospirosis in Sri Lanka. Mem Inst Oswaldo Cruz 2015, 110

(4):485–491. https://doi.org/10.1590/0074-02760150070 PMID: 26061234

8. Reller ME, Bodinayake C, Nagahawatte A, Devasiri V, Kodikara-Arachichi W, et al: Leptospirosis as fre-

quent cause of acute febrile illness in southern sri lanka. Emerg Infect Dis, 17(9):1678–1684. https://

doi.org/10.3201/eid1709.100915 PMID: 21888794

9. Koizumi N, Gamage CD, Muto M, Kularatne SA, Budagoda BD, Rajapakse RP, et al: Serological and

genetic analysis of leptospirosis in patients with acute febrile illness in kandy, sri lanka. Jpn J Infect Dis

2009, 62(6):474–475. PMID: 19934544

10. Agampodi SB, Nugegoda DB, Thevanesam V, Vinetz JM: Characteristics of rural leptospirosis patients

admitted to referral hospitals during the 2008 leptospirosis outbreak in Sri Lanka: implications for devel-

oping public health control measures. Am J Trop Med Hyg 2015, 92(1):139–144. https://doi.org/10.

4269/ajtmh.14-0465 PMID: 25331809

11. Agampodi SB, Peacock SJ, Thevanesam V, Nugegoda DB, Smythe L, Thaipadungpanit J, et al: Lepto-

spirosis outbreak in Sri Lanka in 2008: lessons for assessing the global burden of disease. Am J Trop

Med Hyg 2011, 85(3):471–478. https://doi.org/10.4269/ajtmh.2011.11-0276 PMID: 21896807

12. Agampodi SB, Dahanayaka NJ, Bandaranayaka AK, Perera M, Priyankara S, Weerawansa P, et al:

Regional differences of leptospirosis in Sri Lanka: observations from a flood-associated outbreak in

2011. PLoS Negl Trop Dis 2014, 8(1):e2626. https://doi.org/10.1371/journal.pntd.0002626 PMID:

24454971

PLOS ONE Cytokine response in leptospirosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0261025 December 8, 2021 15 / 16

https://doi.org/10.1371/journal.pntd.0004122
http://www.ncbi.nlm.nih.gov/pubmed/26431366
https://doi.org/10.1371/journal.pntd.0003898
https://doi.org/10.1371/journal.pntd.0003898
http://www.ncbi.nlm.nih.gov/pubmed/26379143
https://doi.org/10.1371/journal.pntd.0003866
http://www.ncbi.nlm.nih.gov/pubmed/26110270
https://doi.org/10.1016/S1473-3099%2809%2970211-7
http://www.ncbi.nlm.nih.gov/pubmed/19695489
https://doi.org/10.4103/0255-0857.43557
http://www.ncbi.nlm.nih.gov/pubmed/18974510
https://doi.org/10.1093/trstmh/trv079
https://doi.org/10.1093/trstmh/trv079
http://www.ncbi.nlm.nih.gov/pubmed/26464233
https://doi.org/10.1590/0074-02760150070
http://www.ncbi.nlm.nih.gov/pubmed/26061234
https://doi.org/10.3201/eid1709.100915
https://doi.org/10.3201/eid1709.100915
http://www.ncbi.nlm.nih.gov/pubmed/21888794
http://www.ncbi.nlm.nih.gov/pubmed/19934544
https://doi.org/10.4269/ajtmh.14-0465
https://doi.org/10.4269/ajtmh.14-0465
http://www.ncbi.nlm.nih.gov/pubmed/25331809
https://doi.org/10.4269/ajtmh.2011.11-0276
http://www.ncbi.nlm.nih.gov/pubmed/21896807
https://doi.org/10.1371/journal.pntd.0002626
http://www.ncbi.nlm.nih.gov/pubmed/24454971
https://doi.org/10.1371/journal.pone.0261025


13. Thaipadungpanit J, Wuthiekanun V, Chierakul W, Smythe LD, Petkanchanapong W, Limpaiboon R,

et al: A Dominant Clone of Leptospira interrogans Associated with an Outbreak of Human Leptospirosis

in Thailand. PLoS Negl Trop Dis 2007, 1(1):e56. https://doi.org/10.1371/journal.pntd.0000056 PMID:

17989782

14. Wagenaar JF, Gasem MH, Goris MG, Leeflang M, Hartskeerl RA, van der Poll T, et al: Soluble ST2 Lev-

els Are Associated with Bleeding in Patients with Severe Leptospirosis. PLoS Negl Trop Dis 2009, 3(6):

e453. https://doi.org/10.1371/journal.pntd.0000453 PMID: 19488407

15. Chirathaworn C, Supputtamongkol Y, Lertmaharit S, Poovorawan Y: Cytokine levels as biomarkers for

leptospirosis patients. Cytokine 2016, 85:80–82. https://doi.org/10.1016/j.cyto.2016.06.007 PMID:

27295614

16. Tajiki H, Salomao R: Association of plasma levels of tumor necrosis factor alpha with severity of disease

and mortality among patients with leptospirosis. Clin Infect Dis 1996, 23(5):1177–1178. https://doi.org/

10.1093/clinids/23.5.1177 PMID: 8922824

17. Kyriakidis I, Samara P, Papa A: Serum TNF-alpha, sTNFR1, IL-6, IL-8 and IL-10 levels in Weil’s syn-

drome. Cytokine 2011, 54(2):117–120. https://doi.org/10.1016/j.cyto.2011.01.014 PMID: 21316985

18. Mikulski M, Boisier P, Lacassin F, Soupe-Gilbert ME, Mauron C, Bruyere-Ostells L, et al: Severity mark-

ers in severe leptospirosis: a cohort study. Eur J Clin Microbiol Infect Dis 2015, 34(4):687–695. https://

doi.org/10.1007/s10096-014-2275-8 PMID: 25413923

19. Bandara K, Gunasekara C, Weerasekera M, Marasinghe C, Ranasinghe N, Fernando N: Do the Th17

Cells Play a Role in the Pathogenesis of Leptospirosis? Can J Infect Dis Med Microbiol 2018,

2018:9704532. https://doi.org/10.1155/2018/9704532 PMID: 30123395

20. Senavirathna I, Rathish D, Agampodi S: Cytokine response in human leptospirosis with different clinical

outcomes: a systematic review. BMC Infect Dis 2020, 20(1):268. https://doi.org/10.1186/s12879-020-

04986-9 PMID: 32264832

21. Agampodi SB, Nugegoda DB, Thevanesam V: Determinants of leptospirosis in Sri Lanka: Study Proto-

col. BMC Infect Dis 2010, 10(1):332. https://doi.org/10.1186/1471-2334-10-332 PMID: 21087520

22. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P: Acute renal failure—definition, outcome mea-

sures, animal models, fluid therapy and information technology needs: the Second International Con-

sensus Conference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit Care 2004, 8(4):R204–

212. https://doi.org/10.1186/cc2872 PMID: 15312219

23. The Global Burden of Leptospirosis [http://www.who.int/zoonoses/diseases/lerg/en/index2.html].

24. De Silva NL, Niloofa M, Fernando N, Karunanayake L, Rodrigo C, De Silva HJ, et al: Changes in full

blood count parameters in leptospirosis: a prospective study. International archives of medicine 2014,

7:31. https://doi.org/10.1186/1755-7682-7-31 PMID: 25018781

25. Naotunna C, Agampodi SB, Agampodi TC: Etiological agents causing leptospirosis in Sri Lanka: A

review. Asian Pac J Trop Med 2016, 9(4):390–394. https://doi.org/10.1016/j.apjtm.2016.03.009 PMID:

27086159

26. Reis EA, Hagan JE, Ribeiro GS, Teixeira-Carvalho A, Martins-Filho OA, Montgomery RR, et al: Cyto-

kine response signatures in disease progression and development of severe clinical outcomes for lepto-

spirosis. PLoS Negl Trop Dis 2013, 7(9):e2457. https://doi.org/10.1371/journal.pntd.0002457 PMID:

24069500

27. Papa A, Kotrotsiou T: Cytokines in human leptospirosis. Trans R Soc Trop Med Hyg 2015, 109

(12):749–754. https://doi.org/10.1093/trstmh/trv095 PMID: 26626338

28. Cassatella MA, Meda L, Gasperini S, Calzetti F, Bonora S: Interleukin 10 (IL-10) upregulates IL-1 recep-

tor antagonist production from lipopolysaccharide-stimulated human polymorphonuclear leukocytes by

delaying mRNA degradation. J Exp Med 1994, 179(5):1695–1699. https://doi.org/10.1084/jem.179.5.

1695 PMID: 8163946

PLOS ONE Cytokine response in leptospirosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0261025 December 8, 2021 16 / 16

https://doi.org/10.1371/journal.pntd.0000056
http://www.ncbi.nlm.nih.gov/pubmed/17989782
https://doi.org/10.1371/journal.pntd.0000453
http://www.ncbi.nlm.nih.gov/pubmed/19488407
https://doi.org/10.1016/j.cyto.2016.06.007
http://www.ncbi.nlm.nih.gov/pubmed/27295614
https://doi.org/10.1093/clinids/23.5.1177
https://doi.org/10.1093/clinids/23.5.1177
http://www.ncbi.nlm.nih.gov/pubmed/8922824
https://doi.org/10.1016/j.cyto.2011.01.014
http://www.ncbi.nlm.nih.gov/pubmed/21316985
https://doi.org/10.1007/s10096-014-2275-8
https://doi.org/10.1007/s10096-014-2275-8
http://www.ncbi.nlm.nih.gov/pubmed/25413923
https://doi.org/10.1155/2018/9704532
http://www.ncbi.nlm.nih.gov/pubmed/30123395
https://doi.org/10.1186/s12879-020-04986-9
https://doi.org/10.1186/s12879-020-04986-9
http://www.ncbi.nlm.nih.gov/pubmed/32264832
https://doi.org/10.1186/1471-2334-10-332
http://www.ncbi.nlm.nih.gov/pubmed/21087520
https://doi.org/10.1186/cc2872
http://www.ncbi.nlm.nih.gov/pubmed/15312219
http://www.who.int/zoonoses/diseases/lerg/en/index2.html
https://doi.org/10.1186/1755-7682-7-31
http://www.ncbi.nlm.nih.gov/pubmed/25018781
https://doi.org/10.1016/j.apjtm.2016.03.009
http://www.ncbi.nlm.nih.gov/pubmed/27086159
https://doi.org/10.1371/journal.pntd.0002457
http://www.ncbi.nlm.nih.gov/pubmed/24069500
https://doi.org/10.1093/trstmh/trv095
http://www.ncbi.nlm.nih.gov/pubmed/26626338
https://doi.org/10.1084/jem.179.5.1695
https://doi.org/10.1084/jem.179.5.1695
http://www.ncbi.nlm.nih.gov/pubmed/8163946
https://doi.org/10.1371/journal.pone.0261025

