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Abstract

Purpose: Leptospirosis is a tropical zoonotic illness, in which the role of immune
response in the pathogenesis is proven but poorly understood. Response of
cytokines is said to play a key role in disease progression and pathogenesis.
There are proven studies on pro-inflammatory cytokines like TNFa, IL-6 and
anti-inflammatory like IL-10 in human leptospirosis however, the role of IL-2, IL-
4, IL-15, GCSF and MCP-2 needs more comprehensive studies. Present study
was conducted to evaluate the role of IL-2, IL-4, IL-15, GCSF and MCP-2 in
human leptospirosis as prognostic indicator.

Methods: Blood samples from patients meeting the inclusion criteria for
leptospirosis were included in the study. PCR and IgM ELISA were carried
out for diagnosis. Serum cytokine levels in Leptospira positive patients and
in controls were estimated by ELISA. Statistical analysis was done using IBM
SPSS Statistics 20 and Med Calc 16.1. software.

Results: Out of 270, 45(16.7%) patients were confirmed as cases of leptospirosis.
The mean level of the cytokines (IL-15, MCP-2, G-CSF) differed significantly
between the patients and the control group (p < 0.001). GCSF, MCP-2, IL-15
and IL-4 were elevated in most cases. IL-2 level was depressed in 34 out of
45 cases. The AUCs for IL-2, IL-15, MCP-2 and GCSF were 0.906 (95% CI
0.341 to 0.665), 0.929 (95% CI 0.837 to 0.978), 0.909 (95% CI 0.812-0.966)
and 0.881 (95% CI 0.777 to 0.948) respectively. On spearman rank correlation,
GCSF level showed correlation with MCP-2 (rho = 0.415, p < 0.01).

Conclusions: The study provided an understanding of cytokine patterns in
leptospirosis, and concluded that IL-15, MCP-2 and GCSF can be used as an
effective biomarker for leptospirosis and indicators of disease progressions.
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Introduction

Leptospirosis is a widely distributed but scantly diagnosed zoonotic disease mainly of
impoverished populations lacking proper sanitation facilities. The Indian subcontinent
provides many opportunities for Leptospira to flourish with hot humid climate during major
part of the year and with poor sanitation practices in majority of urban slums and in rural
areas. Disease manifestations are varied. Leptospirosis may range from mild influenza
like illness to severe fatal manifestations like weil’s disease (Gouveia et al., 2008; Khan
et al., 2016; Martinez Garcia et al., 2000; McBride et al., 2005; Vijayachari et al., 200)

Severity varies according to the infecting serovars of Leptospira, and the age, health
and immunological competence of the patient (Adler & de la Pefia Moctezuma, 2010).
Leptospires enter the body through small cuts or abrasions, via mucous membranes
such as the conjunctiva or through wet skin. They circulate in the blood stream, with
the bacteremic phase lasting for up to 7 days (Adler & de la Pefia Moctezuma, 2010).
The second stage of acute leptospirosis is referred as the immune phase, in which the
disappearance of the organism from the bloodstream coincides with the appearance of
antibodies (Levett, 2001) .

The Leptospiral infection is a perpetual battle between host and bacterium. On the host
side, an array of inflammatory cytokines and chemokines, is used to stimulate cells to
resist infection and kill the bacteria. The bacterium presents an array of molecules to the
host immune system that may initiate a destructive immune response leading to tissue
damage, sepsis and death (Zuerner, 2015). Pathogenesis of the disease initiates the
adhesion of leptospires to host tissues. Several infectious agents have been reported
to be implicated in the pathogenesis of the disease, like the lipopolysaccharide (LPS),
hemolysins, the outer membrane proteins and the glycolipoprotein (Dorigatti et al.,
2005; Evangelista & Coburn, 2010). Besides, direct injury by microbial factors, cytokines
produced in response to infection have been anticipated to be involved in pathogenesis
of leptospirosis (Rizvi et al., 2014). The innate immune system constitutes the first line
of host defense, playing a crucial role in early recognition and elimination of leptospires.
The activation of the alternative pathway of the complement system is one of the most
important effector mechanisms during the first hours of infection (Barbosa et al., 2009;
Meri et al., 2005). It has been demonstrated that the secretion of pro-inflammatory
cytokines is induced by hemolysins of Leptospira interrogans in human macrophages
(Wang et al., 2012). Anti-inflammatory effectors also play an important role in counter
regulating the effects of pro-inflammatory cytokines (Rizvi et al., 2014)

There are proven studies on pro-inflammatory cytokines like TNFq, IL-6 (Tajiki & Salomé&o,
1996; Wagenaar et al., 2009) and anti-inflammatory like IL-10 in human leptospirosis.
The present study was planned with the objective to study the expression of un-explored
or lesser explored circulatory cytokines in patients with leptospirosis.

Materials and Methods

The prospective study was conducted in the Department of Microbiology, JNMCH over
a period of four years from July 2014 to August 2018. All patients meeting the inclusion
criteria, presenting in medicine OPD or admitted in medicine ward with acute febrile
illness, acute hepatitis and acute renal failure were included in the study. Utilizing clinical,
epidemiological, and laboratory parameters modified Faine’s criterion was scored and
assessed (Shivakumar & Shareek, 2004).
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Inclusion Criteria/Case Definition:
Three groups of patients were included in the study

1. Acute febrile illness (AFI): A case of AFI was defined as an individual with history of
fever (temperature > 38°C) for 3 days or more.

2. Acute hepatitis: Any individual presenting with signs and symptoms of acute jaundice
(bilirubin > 1mg/dl) was defined as a case of acute hepatitis.

3. Acute renal failure: A case of acute renal failure (ARF) was defined as any individual
with rapid deterioration in kidney function (within 48 hours). Deterioration in kidney
function was assessed by rise in serum creatinine (absolute increase in serum

creatinine of =0.3mg/dl or percentage increase in serum creatinine of =50%) or in those
patients who presented with a reduction in urine output (defined as <0.5 ml/kg/hr for
more than 6 hours).

An informed consent was taken from patients before their inclusion in the study. The
study was approved by the Institute ethical committee, J.N.M.C.H., A.M.U.

Exclusion criteria:

Following patients were excluded from the study

1) Patients with obvious clinical signs for diseases such as diarrhoea, pneumonia, UTI,
typhoid fever, malaria, or established fever of unknown origin (FUO).

2) Patients found positive for Hepatitis B, Hepatitis C, Chikungunya, Malaria or Dengue.
3) Patients with ARF with a known underlying etiology were also excluded from the study.
Controls

Thirty age and sex matched controls were taken from the blood bank, department of
Pathology, JNMCH, AMU.

Collection of Specimen for diagnosis and cytokine analysis:

Seven-milliliter blood was collected with all aseptic precautions, from patients suspected
of leptospirosis for PCR.

The lepto immunoglobulin M (IgM) ELISA (PANBIO IgM ELISA, Standard
Diagnostics, Korea):

ELISA was done for all the serum samples using commercially available kits according to
the manufacturer’s instructions. The results were interpreted according to manufacturer’s
instructions, i.e., values<9 PANBIO ELISAunits were considered negative, 9—11equivocal,
and >11 positive. For samples showing equivocal results, another blood sample was
drawn after a period of 10 days, and the test was repeated.

Polymerase chain reaction:

DNA isolation: DNA was extracted from serum samples using QIA amp DNA blood mini
kit (Qiagen, Germany).
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Amplification of DNA (Bio-Rad Laboratories India Pvt. Ltd): The amplification of DNA
was performed in a total volume of 25 pl. The primers used for PCR (Gravekamp et al.,
1993) were:

G15- CTG AAT CGC TGT ATAAAAGT-3' &
G2 5- GGAAAA CAAATG GTC GGAAG-3’

The program for amplification included 35 cycles of 94°C (denaturation) for 1 min, 55°C
(annealing) for 1 min and 72°C (extension) for 2 min and a final extension step at 72°C
for 7 min. The PCR was performed in a final reaction volume of 25 ul containing 5 pl
of 10x assay buffer [10 mM Tris HCI (pH 9.0), 1.5 mM MgCI2, 50 mM KCI and 0.01%
Gelatin], 200 uM each dNTPs, 20 pM of each primer, 0.5 U of Tag DNA Polymerase, and
template DNA (10 pl). The PCR products were loaded in 1% wt/vol agarose gel prepared
in TAE (tris base, acetic acid and EDTA- pH 8.0) buffer and detected by ethidium bromide
staining after electrophoresis (BioRad, USA).

Amplification of 285 base pair DNA fragment was considered as positive for Leptospiral
DNA.

Cytokine analysis:

Serum cytokine levels in Leptospira positive patients and in controls were estimated by
ELISA (IL-2, IL-4, IL-15 ELISA Daiclone, France; MCP-2 and GCSF ELISA Sigma Life
Sciences, USA). A standard curve of optical densities versus concentrations of different
cytokines was generated to determine their concentrations in serum samples.

Statistical analysis:

Statistical analysis was performed with the IBM SPSS Statistics 20 (IBM Inc. Armonk,
New York, USA) and Med Calc 16.1. software. The evaluation of differences in cytokine
levels between two groups was performed using non-parametric Mann-Whitney U test.
For descriptive statistics, mean and IQRs (inter-quartile range) are reported. Spearman’s
rank correlation test was used for the assessment of correlation. A p-value of <0.05 was
considered significant. Med Calc 16.1 used receiver operating characteristic (ROC) curve
to assess the diagnostic value, sensitivity and specificity of IL-2, IL-4, IL-15, MCP-1 and
G-CSF in leptospirosis. The comparisons of area under curve (AUCs) were performed
using z test. The optimal diagnosis threshold was determined according to Youden index
J and relative sensitivity, and specificity were calculated.

Results

Patient Characteristics:

Out of 270 patients clinically suspected of leptospirosis %16.7)45), were confirmed
as cases of leptopirosis by IgM ELISA (PanBio, Korea) and detection of 285 base
pair DNA fragment by PCR (Fig 1). The median age of the patients was + 29.7
13.8 years (range 3.5 to 65 years) and male to female ratio was 16/29) 1.81).
Thirty healthy controls were included in the study with mean age 6.4 + 30.7 years
with a male to female ratio of 13/17) 1.31).
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Figure 1. Lane M showing DNA ladder, Lane 1 and 7 showing positive & negative controls
respectively, DNA Lane 2-6 showing 285 bp amplified PCR product of Leptospira

Clinical characteristics:

Out of 45 patients confirmed of leptospirosis, 26 (57.7%) were cases of AFI, 12 (26.6%)
had manifestations of acute hepatitis and 7 (15.5%) patients presented with symptoms of
ARF. Fever and pain in abdomen were the most common manifestations of leptospirosis
among all the groups taken together. Headache, rigors, arthritis, and vomiting were
more common in patients with AFIl. Bleeding manifestations in various forms (epistaxis,
hematemesis, hemoptysis, hematuria, and petechial rashes) were seen in 16(35.5%) out
of 45 patients (Graph 1).
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Graph 1. Clinical presentation of leptospirosis patients with acute febrile illness, acute viral
hepatitis, and acute renal failure

Cytokine expression:

The mean level of the cytokines (IL-15, MCP-2, G-CSF) differed significantly between
the patients and the control group (p <0.001) (Table 1, Fig 2). IL-2 level was lower in the
cases than in controls, while IL- 4 was elevated in cases, but these were not significant
in controls.

It was found that age and sex did not affect the cytokine levels. GCSF, MCP-2, IL-15 and
IL-4 were elevated in most cases (39/45, 43/45, 41/45 and 35/45 respectively).
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AGJSR depressed in 34 out of 45 cases. Compared to the controls, the patients with leptospirosis
had higher concentration of IL-15 (33.87 + 8.83 vs 48.10 £ 5.6, p < 0.001, Mann Whitney
U test U: 25.00); MCP-2 (1.88 + 2.69 vs 15.4 + 18.07, p < 0.001, Mann Whitney U test
U:82.50) and GCSF (10.68 + 1.71 vs 22.11 £+ 31.81, p < 0.001, Mann Whitney U test U:

91.50). IL-4 levels were also higher (2.99 + 6.22) as compared to controls (1.40 + 0.63)
but were not significant (p=0.2932, Mann Whitney U test U: 159.0). Levels of IL-2 were

higher in controls as compared to the patients (11.33 £+2.98 vs 10.16 + 3.31, p=0.967 NS,
Mann Whitney U test U: 189.5).

Table 1. Elemental composition by Fluorescence X of the two algae

Leptospirosis

Cytokines Healthy Controls patients U*-values P* values
IL-2 (1;73;2*22490? (1581:;337%1) 189.5 (NS)0.9676
IL-4 1(;‘2‘5;%;3 éiiliié) 159.0 (NS)0.2932
LIS ressaa  Gesserss 20

*Mann-Whitney U test (two tail) was used to calculate significant differences (NS- not significant)
Independent sample T-test was used to evaluate cytokine level differences between healthy
controls and leptospirosis patients
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Figure 2. Comparison of serum cytokine concentration between control group and leptospirosis
patients: Box plots of serum cytokine concentrations among studied patients with leptospirosis
and in controls. The bottom, median and top lines of the box mark the 25th, 50th and 75th
percentiles respectively. The vertical line with whiskers shows the range of values. Dots show

individual data points. *p <.001
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As analyzed by ROC (Table 2, Fig 3), the cytokines IL-2, IL-15, MCP-2 and G-CSF
were differentially related to leptospirosis. The AUCs for IL-2, IL-15, MCP-2 and GCSF
were 0.906 (95% CIl 0.341 to 0.665), 0.929 (95% CI 0.837 to 0.978), 0.909 (95% ClI
0.812-0.966) and 0.881 (95% CI 0.777 to 0.948) respectively, indicating that IL-2, IL-
15, MCP-2 and GCSF were effective biomarkers for leptospirosis. A serum IL-15 level
of more than 39.07 pg/ml had a sensitivity of 97.83% and a specificity 78.95% (youden
index J: 0.7677; z statistics 9.579); a serum MCP-2 level of more than 0.42 pg/ml had
a sensitivity of 97.81% and a specificity 69.42% (youden index J: 0.6625; z statistics
10.587); a serum GCSF level of more than 11.39 pg/ml had a sensitivity of 86.96% and
a specificity 84.21% (youden index J: 0.6537; z statistics 8.102); a serum IL-2 level 9.9
pg/ml or lower had a sensitivity of 40% and a specificity 80% (youden index J: 0.2000; z
statistics 0.0394). The AUC for IL-4 for diagnostic criterion of leptospirosis was 0.598. On
spearman rank correlation (Table 3), GCSF showed correlation with MCP-2 (rho = 0.415,
p < 0.01) in patients with leptospirosis while among the controls IL-2 showed correlation
with MCP-2 (rho =0.472, p < 0.05). None of the other cytokines tested showed correlation
in patients or in controls.

Table 2. Predictive value of cytokines in patients with leptospirosis

AGJSR

Diagnostic 95 % Ass_ocna.ited Yoden Z- Sensitivity Specificity
Indicators AUC SE Cl Criterion IndexJ statisti (%) (%) *LR LR-
(1) (]
(pg/ml) tatistics
0.341
IL-2 0.906 0.0952 to <9.9 0.2000 0.0394 40 80 2.00 0.75
0.66
0.431
IL-4 0.598 0.0928 to >1.71 0.2500 1.051 35 90 350 0.72
0.749
0.837
IL-15 0.929 0.0448 to >39.07 9.579 97.83 78.95 4.65 0.028
0.7677
0.978
0.812
MCP-2  0.909 0.0386 to >0.42 0.6625 10.587 97.81 69.42 3.10 0.032
0.966
0.777
GCSF 0.881 to >11.39 0.6537 8.102 86.96 84.21 5,51 0.15
0.0470 0.948

Med Calc 16.1 used receiver operating characteristic (ROC) curve to assess the
diagnostic value, sensitivity and specificity of IL-2, IL-4, IL-15, MCP-1 and G-CSF in
leptospirosis.
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Figure 3. ROC curve for predictive value of cytokines in patients with leptospirosis

100-5pecificiny

Table 2. Predictive value of cytokines in patients with leptospirosis

Statistical

Cytokines ~ “fa0 SH¢ IL-2 IL-4 IL-15 MCP-2 GCSF
IL-2 R - 0.005 10.320 20.021 0.114
p ; 0.982 0.169 0.930 0.632
IL-4 R ; ; 0.110 0.357 0.163
P ; . 0.644 0.123 0.491
IL-15 R - ; - -0.188 0.147
p ; ; ; 0.216 0.335
MCP-2 R - - - - 0.415%*
p - - - - 0.005
GCSF R ; ; - - -
P - - - - -
[B]
Cytokines Stjat:ff;za' IL-2 IL-4 IL-15 MCP-2 GCSF
IL-2 R - -0.040 0462 0.472* -0.012
p ; 0.876 0.054 0.048 0.961
IL-4 R - ; 0.344 0.122 0.200
p - - 0.137 0.619 0.411
IL-15 R - ; - -0.388 0.257
p . . ; 0.157 0.289
MCP-2 R ; ; - ; 0.354
p - - - - 0.138
GCSF r ; . ; - ;
0 ) ) ) ) )

**Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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Discussion

Out of 270 clinically suspected cases 45 (16.67%) were confirmed of leptospirosis based
on IgM ELISA and detection of 285 base pair DNA fragment by PCR. Fever and abdominal
pain were the most consistent symptoms with bleeding manifestations in a total of 35.5%
patients. In regions where malaria, enteric fever and dengue are common, clinicians can
easily miss leptospirosis in such cases unless they have index of suspicion.

As there is varied array of clinical manifestations in leptospirosis, it would be helpful to
determine the parameters that could predict the disease outcome. Increasing evidences
indicate that immune response could enhance tissue damage observed in leptospirosis
(Chirathaworn & Kongpan, 2014). Cytokines produced in response to infection have
been proposed to be involved in the pathogenesis of leptospirosis (Rizvi et al., 2011).
Therefore, this study was planned to evaluate the expression of cytokines (IL2, IL-4,
IL-15) and other chemo-attractant proteins (MCP-2, GCSF). We found that in patients
with leptospirosis, there was an elevation of both anti-inflammatory and pro-inflammatory
cytokines. This broad activation of pro and anti-inflammatory cytokines generally termed
as “cytokine storm” more commonly seen in patients with sepsis has been described in
patients with severe leptospirosis (Reis et al., 2013).

Although there was a generalized elevation cytokine in these patients, we noticed
pikes in G-CSF, IL-15 and MCP-2 levels in patients with a triad of jaundice, oliguria and
hematemesis along with fever. Elevated levels of G-CSF, IL-15 and MCP-2 levels in
patients with a triad of jaundice, oliguria and hematemesis signals their role in disease
progression. In patients with peak GSCF levels neutrophil count was also noted to
be elevated. High neutrophil count in these patients may be since G-CSF promotes
proliferation of neutrophil precursors and the release of neutrophils into the circulation
from the bone marrow (Kaushansky, 2006). It is a growth factor for the proliferation,
differentiation, effector function and survival of neutrophils.

MCPs are produced by a variety of cells on stimulation with cytokines (interleukin-1,
tumor necrosis factor-alpha, interferon-gamma), bacterial and viral products or mitogens.
MCP-1 levels are enhanced during infection and inflammation, which are characterized
by leukocyte infiltration. In vitro, MCPs are chemotactic for a distinct spectrum of target
cells and show different specific biological activities depending on the cell type and the
chemokine tested. MCP-3 has the broadest range in that it activates monocytes, dendritic
cells, lymphocytes, natural Killer cells, eosinophils, basophils, and neutrophils. The most
sensitive cells to all three MCPs are lymphocytes and monocytes. MCP-1 is a potent
basophil activator but does not attract eosinophils, whereas at higher concentrations,
MCP-2 stimulates both eosinophils and basophils. A study on mice showed increased
expression of MCP-1 in severe leptospirosis (da Silva et al., 2009). However, the role of
MCP-2 in such patients is not well studied. Elevated levels of MCP-2 along with G-CSF
and IL-15 were noted in patients with severe leptospirosis manifestations. Correlation
was also noted between MCP-2 and G-CSF levels in patients with leptospirosis (rho =
0.415, p <0.01). MCP-2 is a relatively unexplored cytokine which needs to be studied in
more detail, particularly its correlation with MCP-2 as a predictor of leptospirosis and its
prognosis.

Along with GCSF and MCP-2, IL-15 levels were significantly elevated in patients than in controls
(p <0.001).
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biological functions in many diverse cell types. It plays a major role in the development
of inflammatory and protective immune responses to microbial invaders and parasites
by modulating immune cells of both the innate and adaptive immune systems (Perera et
al., 2012). A special feature of IL-15 is that it shares important functional attributes with
IL-2, including enhanced proliferation, survival and differentiation of many distinct cell
types as NK, T and B cells (Armitage et al., 1995; Budagian et al., 2006). Several studies
suggest that IL-15 is involved in the immunological control of infections with a variety of
bacterial, viral and fungal agents (Takano et al., 1998; Winn et al., 2003). Exact role of
IL-15 in leptospirosis is yet to be studied in detail.

IL-4 levels were raised in patients, but it was not significant. IL-2 is a known pro-
inflammatory cytokine and acts as the major growth factor for T lymphocytes, and the
binding of IL-2 to its specific receptors on TH cells stimulates the proliferation of these
cells and the release of a number of cytokines from these cells (M. M. Khan, 2016) In the
present study, a decrease in the level of IL-2 was observed in patients with leptospirosis (p
=NS). In an animal study, a low-level basal expression of IL-2 was detected in uninfected
hamsters but no increase was noted in response to infection with L interrogans (Vernel-
Pauillac & Merien, 2006). Studies have shown that T-cell suppression is one of the
important factors of infection (Sciuca et al., 2013). Treg-mediated IL-2 deprivation is
a reason of T-cell suppression during infection (Jenabian et al., 2013). Therefore, IL-2
often decreases when infection occurs (Ye et al., 2014).

Conclusion

The present study provides an understanding of cytokine pattern in leptospirosis.
Accordingly, G-CSF, IL-15 and MCP-2 may be used as indicators of disease progression.
However, this study cannot predict that the elevated cytokine patterns in leptospirosis
reflect a mechanistic role as mediators of pathogenesis or if they are only markers of
disease progression. Further studies are needed to expound the role of cytokines in the
immune-pathogenesis of leptospirosis that could form the basis for immune-therapeutic
models for treating the disease.
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