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I. INTRODUCTION 

Chikungunya, dengue, and scrub typhus are all prevalent 
causes of acute febrile illness in India [1], [2]. Dengue, 
chikungunya and scrub typhus are likely reasons of 
undifferentiated fever in tropical and subtropical climates. 
Chikungunya fever (CHIKF) is a viral disease transmitted by 
arthropods and caused by the CHIKV which has emerged as 
a global health concern since 2006 [3], [4]. The main vector 

of CHIKV is Aedes mosquitoes (Aedes aegypti and Aedes 
albopictus) [3]. The first case of CHIKV was discovered in 
West Bengal in 1963-1965, during a dengue fever outbreak. 
Since then, incidence of chikungunya has been documented 
in numerous Indian states, including West Bengal [5]. The 
virus then vanished from India and remained latent for about 
three decades [6]. After a long absence, CHIKV resurfaced in 
2005-2006 and again declined in the West Bengal and from 
different states of India during 2010-2014 [7]. Scrub typhus 
or bush typhus is a bacterial disease caused by the gram-
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negative intracellular parasite Orientia tsutsugamushi and 
transmitted to human via bites of infected mite (chigger), 
which serves as both a vector and a reservoir for the 
bacterium [8]-[10]. It is identified via the formation of eschar 
at the mite feeding site. In India, scrub typhus is a re-
emerging infection since the prevalence of the illness has 
been rising recently throughout the nation [10]. Scrub typhus 
is a febrile illness with around one million new cases reported 
each year in Asia, and more than a billion people may be at 
risk [11]. During World War II, scrub typhus was a major 
cause of sickness and mortality among troops stationed in 
Southeast Asia [12]. Prevalence data are difficult to find since 
rigorous field and hospital-based surveillance has only 
recently started [13], and it is under reported [10], [14]. 
Dengue and chikungunya fever are the viral infections which 
can be spread to human via the bite of Aedes mosquitoes [2], 
[15]. Dengue virus (DENV) seems to have a 4-10 day 
incubation period with an occurrence of mild to moderate 
disease symptoms such as fever, abdominal pain, myalgia, 
and rashes while CHIKV has the incubation period varies 
from 1-12 days with mild symptoms like febrile illness, 
rashes, arthralgia, and fatigue that often misdiagnosed [15]-
[17]. Chikungunya-related deaths do happen in individuals 
with severe infections and atypical presentations, particularly 
in the elderly, even though they are not very prevalent [18]. 
The case fatality rate (CFR), which may have been caused by 
chikungunya virus infection, was 0.1 percent during the La 
Réunion outbreak in 2005-2006, and it rose sharply with age. 
According to the Pan American Health Organization, the 
chikungunya virus was responsible for at least 182 fatalities 
out of roughly 1.2 million infections as of February 13th, 
2015, in the Caribbean and other parts of the Americas 
(overall case fatality rate 0.02 percent) [19], [20]. Scrub 
typhus mortality is affected by host characteristics such as 
age, immunological status, and co-morbidities as well as the 
environment, the pathogenic strain involved, and other host 
factors [21]. The median fatality rates for untreated scrub 
typhus are 6 percent, whereas for treated cases are 1.4 
percent, according to several reports [13]. Although it is 
recognized that scrub typhus is endemic in India, the 
suspicion and identification of this illness have long been 
disregarded. Misdiagnosis is further facilitated by other fever 
disorders' post-monsoon seasonal predominance and 
overlapping clinical symptoms [21]. Despite eschar 
formation, scrub typhus often underdiagnosed due to its 
unspecific clinical features such as severe fever, rashes, 
headaches, and myalgia becoming undifferentiable among 
other febrile illnesses [8]. Both illnesses have non-specific 
and frequently overlapping clinical symptoms. The clinical 
symptoms of the coinfections with scrub typhus and 
chikungunya were quite comparable [22]. Scrub typhus 
infection frequently alters the clinical profile, causes 
complications, and affects the outcome of chikungunya [22]. 
Therefore, nonspecific clinical manifestations of 
chikungunya and scrub typhus along with DENV and its 
differential diagnosis as an undifferentiated fever makes it 
challenging for appropriate prognosis and treatment. As a 
result, a thorough assessment of clinical characteristics and 
consequences, as well as relevant laboratory tests, is required. 
Further latency in diagnosing and differentiating such 
illnesses could exacerbate symptoms and lead to a greater 

fatality rate [23]. Although, several studies have performed 
previously to identify the coinfection among several febrile 
diseases in patients but this is the first hospital-based study 
where we aimed to look into the seroprevalence, clinical 
profiles, and incidence of coinfection associated with 
chikungunya and scrub typhus infection among patients 
showing DENV negative in a clinical setting. 

 

II. MATERIALS AND METHODS 

A. Study Area 
West Bengal is located between the Himalayas and the Bay 

of Bengal with 34,267 square mile area (88,752 km2), with 
approximately 100 million people [24]. There are 1,100 
people per square kilometer. Kolkata is the capital of West 
Bengal and the world's seventh largest metropolitan city by 
size and population. It is located at 22082'N, 88080'E (Fig. 
1). It has a hot and humid climate, which helps to proliferate 
the both, Aedes mosquitoes and mites (chiggers). 

 

 
Fig. 1. The geographical location of the sampling site is West Bengal, 
India. The map shape files were extracted from DIVA-GIS. using the 

Geographical Information System (GIS). The map was developed using 
QGIS 3.22.7 'Białowieża for Windows™ 

B. Patient Information and Clinical Sample 
The study was conducted in Virus Research & Diagnostic 

Laboratory, Department of Microbiology, R. G. Kar Medical 
College & Hospital, Kolkata, India, during October 2021-
June 2022. Our laboratory, which serves as a referral network 
for the Integrated Disease Surveillance Programme (IDSP), 
receives many patient samples throughout the year and is in 
responsible of laboratory-based confirmation of viral 
infections, particularly febrile illnesses, from Kolkata and 
other West Bengal districts. The inclusion criteria for 
reference specimens defined by the World Health 
Organization (WHO) were followed in this investigation. 
Along with fever, any two of these symptoms were believed 
to be indicators of chikungunya and scrub typhus infection, 
such as headache, body ache, abdominal pain, conjunctivitis, 
photo sensitivity, nausea, vomiting, loss of appetite, skin 
rashes, arthralgia, and myalgia. Specimens were collected 
randomly from dengue suspected patients, and the study was 
planned to be non-discriminatory in terms of age or gender. 
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C. Specimen Collection and Storage 
Approximately 3-4 ml of blood samples were collected by 

the medical technologists from the patients along with 
available history of illness from fever clinic unit for the 
detection of suspected dengue virus infection. On a daily 
basis, the suspected samples were transported to our serology 
division maintaining the cold chain for the detection of 
dengue virus infection. The centrifugation was used to isolate 
serum from the specimens at 3000 g for 10 min at 4 °C and 
kept at -20 °C and -80 °C in aliquots.  

D. Serological Detection 
On the basis of WHO inclusion criteria, we have selected 

490 dengue negative patients and employed serological 
methods for the diagnosis of chikungunya and scrub typhus 
infection, if any. Enzyme linked immunosorbent assay 
(ELISA) methods were used to detect the chikungunya and 
scrub typhus specific IgM antibody by using chikungunya 
IgM capture ELISA kit (made by National Institute of 
Virology, Pune, India) and scrub typhus IgM Microlisa 
ELISA kit (made by J. Mitra & Co. Pvt. Ltd, New Delhi, 
India), respectively. All the assay has been performed and OD 
was measured using the kit specific protocol provided by the 
manufacturer with the help of semi-automatic ELISA 
microplate reader and washer made by BeneSphera 
(marketed by Avantor, India).  

E. Statistical Analysis  
Statistical analysis was performed by using SPSS 16 

(SPSS, Inc., Chicago, IL, USA). Mean, standard deviation 
(SD) and percentage positivity of the socio-demographical 
and clinical parameters were estimated for both the CHIKV 
and scrub typhus infections. The relationship between subject 
characteristics and CHIKV seropositivity or current infection 
was investigated using univariate and multivariate analysis. 
The odds ratios (OR) and 95 % confidence intervals (CI) were 
obtained using the multivariate analysis using the Enter 
method. Statistical significance was defined as a P value of ≤ 
0.05. 

 

III. RESULT 

A. Socio-Demographic Parameters and Seroprevalence 
Rate Associated with Infected Study Population 
In the current study, among the enrolled 490 suspected 

patients, 57 (11.63%) samples were tested positive for 
chikungunya IgM antibodies, while 43 (8.77%) samples came 
positive for scrub typhus IgM antibodies, but all 490 samples 
tested negative for dengue IgM antibodies. In addition to this, 
5% of the total positive cases were positive for both 
chikungunya and scrub typhus infection. The month-by-
month distribution pattern of chikungunya cases showed a 
peak in November, followed by April, while the peak for 
scrub typhus infection was in the month of December. During 
the month of December, the number of positive samples for 
both infections was the same, and percentage positivity fell in 
both infections during the months of January and February, 
indicating a correlation (Fig. 2A). From the area-wise 
distribution of positive sample it was observed that majority 
of percentage positivity were from south 24 parganas 
followed by north 24 parganas (Fig. 2B). 

In this study, age wise distribution of the chikungunya and 
scrub typhus infected samples revealed that the most of 
chikungunya patients are between the ages of 31-40, while 
the most of scrub typhus patients are between the ages of 21-
30 (Fig. 3A). From the sex distribution pattern of the positive 
samples, it was observed that a slightly higher percentage of 
female infected, 51.16 % for scrub typhus and 54.39 % for 
chikungunya compared to male patients (Fig. 3B). However, 
the difference is very negligible for scrub typhus samples to 
make any gender-based difference of infections, whereas in 
case of chikungunya it showed significant difference. 

 

 
Fig. 2. Distribution of chikungunya and scrub typhus seropositive cases. 
2A: Month wise distribution of scrub typhus and chikungunya infection  
2B: District wise positive distribution of scrub typhus and chikungunya 

infection. 
 

 
Fig. 3. Distribution of chikungunya and scrub typhus seropositive cases. 

3A: Age wise distribution of scrub typhus and chikungunya infection 
3B: Gender based positive distribution of scrub typhus and chikungunya 

infection. 
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B. Probable Risk Factors Associated with CHIKV and 
Scrub Typhus Infections 
Multivariate regression analysis was performed for both 

the CHIKV and scrub typhus IgM seropositive groups as 
dependent variables and all the socio-demographic 
parameters were considered as independent variables. A P 
value of ≤ 0.05 was considered as statistically significant. In 
this study, we considered if the age, gender, occupation, 
locality, monthly income, educational status, and household 
conditions had any significant risk to anticipate the 

prevalence of scrub typhus and CHIKV infections. Age was 
found to be a significant risk factor for both the CHIKV and 
scrub typhus infections among patient with febrile illness 
(Table I). 

In the current study, all of the studied individuals had 
moderate to high-grade fever. Coinfected individuals 
reported considerably higher joint pain, severe headache, 
abdominal pain, muscle pain, and maculopapular rashes, than 
those infected with chikungunya and scrub typhus solely 
(Table II). 
 

TABLE I: MULTIVARIATE LOGISTIC REGRESSION ANALYSIS OF SOCIO-DEMOGRAPHIC FEATURES AMONG CHIKUNGUNYA AND SCRUB TYPHUS INFECTED 
PATIENTS 

Parameters Total Sample 
Tested (490) 

Total CHIKV 
Positive (57) 

Total Scrub 
Typhus 

Positive (43) 

CHIKV % 
Positivity 
(11.63) 

Scrub Typhus % 
Positivity (8.77) 

Odd Ratio 
(95% CI) P value 

Age 
0-10 68 6 10 8.82 17.54 0.6 (0.2 - 1.6) 

0.008 

11-20 70 5 8 7.14 14.81 0.6 (0.2 - 1.9) 
21-30 120 17 11 14.16 10.47 1.6 (0.7 - 3.6) 
31-40 143 23 3 16.08 4.47 8.9 (2.6 - 30.5) 
41-50 47 3 5 6.38 5.26 0.6 (0.1 - 2.5) 
51-60 30 2 4 6.66 5.88 0.5 (0.1 - 2.7) 
61+ 12 1 2 8.33 4.54 0.5 (0.03 - 5.8) 

Gender 
Male 233 26 21 11.15 9.01 1.3 (0.7-2.3) NS* Female 257 31 22 12.06 8.56 1.5 (0.8-2.6) 

Occupation 
Employed 88 6 2 6.81 2.27 3.1 (0.6 - 16.0) 

NS 
Farmer 102 12 11 11.76 10.78 1.1 (0.5 - 2.6) 

Business 27 3 1 11.11 3.7 3.3 (0.3 - 33.4) 
Housewife 129 17 15 13.17 11.62 1.2 (0.5 - 2.4) 

Unemployed 144 19 14 13.19 9.72 1.4 (0.7 - 2.9) 
Locality 

Urban (Kolkata) 156 16 9 10.25 5.76 1.8 (0.7 - 4.3) NS Rural (ROWB) 334 41 34 12.27 10.17 1.2 (0.7-2) 
Monthly Income (INR) 

Below 10000 253 34 26 13.43 10.27 1.3 (0.7 - 2.3) 

NS 11000-30000 167 15 14 8.98 8.38 1.1 (0.5 - 2.3) 
31000-50000 51 6 2 11.76 3.92 3.3 (0.6 - 17.0) 
Above 51000 19 2 1 10.52 5.26 2.1 (0.2 - 25.5) 

Educational Status 
Illiterate 78 27 17 34.61 21.79 1.9 (0.9 - 3.9) 

NS School 261 23 16 8.81 6.13 1.5 (0.8 - 2.9) 
College 117 5 9 4.27 7.69 0.5 (0.2 - 1.7) 

University 34 2 1 5.88 2.94 2.1 (0.2 - 23.9) 
Household Conditions 

Hygienic 109 11 8 10.09 7.33 1.4 (0.5 - 3.6) NS Unhygienic 381 46 35 12.07 9.18 1.3 (0.8-2.1) 
*NS-Not significant 

 
Fig. 4. Schematic diagram showing the significant clinical features and major overlapping symptoms among  

chikungunya and scrub typhus infected patients. 
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Patients with chikungunya and scrub typhus infection may 
experience wide spectrum of clinical feature which creates a 
significant suspicion to evaluate coinfection. Patients with 
CHIKV infection exhibited body ache in 81% of cases, acute 
arthritis in 56% of cases, conjunctivitis in 17% cases and 
3.5% meningitis cases. Patients with scrub typhus infection 
exhibited vomiting in 53.5% of cases, eschar in 48.8% of 
cases, dry cough in 41.9% cases and 9.3% enlarged lymph 
node cases. The scrub typhus infected patients had enlarged 
lymph node and vomiting than the coinfected patients, while 
the coinfected patients had more severe dry cough and 
fatigue. Confusion, enlarged liver, enlarged spleen and coma 
were not seen in the chikungunya, scrub typhus, and 
coinfected individuals in this investigation. Headache and 
nausea were the most usual clinical signs among the infected 
individuals in both the cases. In the current investigation, the 
most prevalent signs of coinfected patients were headache, 
joint pain, nausea, dry cough, eschar, vomiting, and 
abdominal pain (Fig. 4). 

 
TABLE II: COMPARISON OF CLINICAL MANIFESTATIONS AMONG THE 

CHIKV AND SCRUB TYPHUS INFECTED PATIENTS 
Symptoms CHIKV Scrub Typhus Coinfection 

Fever ✓ ✓ ✓ 
Arthralgia ✓ ✕ ✓ 
Headache ✓ ✓ ✓ 

Abdominal Pain ✕ ✕ ✓ 
Bodyache ✓ ✕ ✕ 

Muscle Pain ✕ ✕ ✓ 
Skin Rashes ✓ ✕ ✓ 

Maculopapular 
Rash ✕ ✕ ✓ 

Arthritis ✓ ✕ ✕ 
Nausea ✓ ✓ ✓ 

Conjunctivitis ✓ ✕ ✕ 
Vomiting ✕ ✓ ✓ 
Fatigue ✓ ✕ ✓ 

Enlarged Lymph 
Node ✕ ✓ ✕ 

Eschar ✕ ✓ ✓ 
Dry Cough ✕ ✓ ✓ 

Enlarged Liver ✕ ✕ ✕ 
Enlarged Spleen ✕ ✕ ✕ 

Meningitis ✓ ✕ ✕ 
Confusion ✕ ✕ ✕ 

Coma ✕ ✕ ✕ 
✓ Present, ✕ Absent 

 

IV. DISCUSSION 
According to earlier research, 31.3 percent of suspected 

CHIKV cases in West Bengal's various districts between 
2015 and 2016 were positive for the virus [25]. Our analysis 
found a lower incidence of CHIKV cases (11.63%) in various 
areas of West Bengal. This may be because we only included 
patients who tested negative for dengue and because post-
monsoon season not arrived yet. In contrast to studies 
conducted in western Odisha (20%) and northern West 
Bengal (10.05%), scrub typhus seropositivity (8.77%) in our 
findings was lower [26], [27]. Previous studies from West 
Bengal claimed that females were infected by scrub typhus, 
however studies from a neighbouring state showed that a 
higher percentage of men were affected [26], [27]. According 

to a CHIKV study, male patients were more affected than 
female patients [28]. In our study, we discovered that females 
had a higher percentage of seropositivity than males in both 
types of infection. This may be because both the vectors, 
Aedes and mites, are domestic and peri-domestic in nature, 
and because females tend to spend more time at home than 
males do, exposing them to more of the infection. A recent 
comprehensive study found that adults between the ages of 
20 and 40 are more susceptible to getting chikungunya, 
whereas people over the age of 60 had the highest 
seropositivity for scrub typhus [16], [26]. Contrary to the 
findings of the aforementioned study, the majority of males 
with chikungunya and scrub typhus infections were between 
the ages of 31 and 40 more often than between the ages of 21 
and 30 in our study. This is most likely due to the fact that 
individuals in this age group work in rural regions tending to 
agricultural fields. The majority of people in this age group 
are directly exposed to the vector because it breeds in 
stagnant water in agricultural areas. Due to their immature 
immune systems, females in the age range of 0-10 exhibited 
the highest positive in both illnesses. The highest proportion 
of positive for the CHIKV virus was reportedly found in 
Kolkata, followed by the south 24 Parganas, according to 
earlier studies [28]. In our investigation, it was found that the 
south and north 24 parganas had the highest percentages of 
positivity, followed by Kolkata and Howrah. The district of 
South and North 24 Parganas is connected to the Indian 
Ocean via the Bay of Bengal, Kolkata is connected to the 
Netaji Subhas Chandra Bose International Airport and two of 
the busiest railway stations in India (Sealdah and Kolkata), 
and Howrah is connected to one of the busiest railway 
junctions in the world (Howrah) and the river Hooghly, which 
is ranked third among Indian ports. These are all surrounding 
areas where there is a high danger that infected individuals 
will be moved through ports and railroad stations. A big 
number of migrating birds also act as the carriers of these 
infections. Prior studies found that deforestation, industrial 
development, and rapid urbanisation are all influencing the 
spread of scrub typhus, which is causing inflections to rise 
[29]. It is wise to screen for both pathogens in locations where 
they coexist in diseases that are clinically suspected. When 
clinicians are aware of the type of infection a patient has, they 
can treat them more successfully and keep track of their side 
effects, disease severity, comorbid conditions, and recurrence 
of earlier illnesses. Numerous occurrences of CHIKV, scrub 
typhus, and coinfections between them in various West 
Bengal regions suggest that the epidemiology of these viruses 
is changing. Our research demonstrates that the clinical 
indicators of chikungunya and scrub typhus coinfection can 
seem extremely differently from one another, even while 
common symptoms including fever, body pains, arthralgia, 
headaches, nausea, and skin rashes are present. More 
epidemiological study is needed to develop control methods 
and identify ways to decrease the effects of these illnesses. It 
is recommended to diagnose both illnesses due to the pattern 
of coinfections. To the best of our knowledge, no prior 
published study has compared the coinfection of scrub typhus 
and chikungunya among patients who tested negative for 
dengue. 
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V. LIMITATIONS 
During this study period, we did not receive samples from 

all the districts of West Bengal. Further, advanced method 
such as polymerase chain reaction test could not be performed 
leading to a shortage of fund due to ongoing COVID-19 
pandemic. The data generated from this investigation may be 
utilized as a baseline in the study region and may raise 
physicians' and the nation's health policymakers' awareness 
of CHIKV and scrub typhus infection and cocirculation in 
patients with undifferentiated febrile illnesses. 

 

VI. CONCLUSION 
Our study suggests on one of the potential reasons why the 

number of scrub typhus and chikungunya cases recorded in 
Kolkata and other districts of West Bengal has decreased. 
Due to the co-infection of CHIKV and scrub typhus and the 
absence of vaccines for either illness, urgent attention is 
required. Comorbidity should be considered because 
chikungunya and scrub typhus are significant aetiologies of 
non-malarial febrile fever in Kolkata, West Bengal. Routine 
surveillance of febrile illnesses is necessary to determine the 
prevalence of these infections in this area, to provide 
appropriate treatment, and to put in place effective control 
measures. By providing precise diagnoses and treatments for 
people with undifferentiated febrile illnesses as well as 
knowledge on the prevalence of these diseases and their 
precise incidence rates in a given place, our research will be 
helpful to the native communities. Patients can better manage 
their febrile diseases, encourage community involvement, 
and reduce the spread of the illness by prioritising the 
appropriate level of preparedness. 
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