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Malaria and typhoid fevers are common disorders of tropical countries, which can lead to substantial
morbidity and mortality. It is an important cause of fever in India. The prevalence of malaria, typhoid, and
their coinfection was studied at a tertiary care, rural-based teaching hospital. A total of 1,378 blood samples
from febrile patients in whom initial diagnosis was of either malaria or typhoid fever were analyzed at the
Department of Microbiology, SBKS Medical Institute and Research Centre, Pipalia, (District: Vadodara), India.
The blood samples received from the outpatient department and also from the inpatient department of all age
groups during January 2015-December 2019 were analyzed. The rapid diagnostic test and peripheral smear by
Giemsa stain was carried out for diagnosis of malaria. Widal test was used for screening for typhoid which was
further confirmed by blood culture and clinical diagnosis. Of the 1,378 febrile patients, 271 and 95 cases were
diagnosed with typhoid fever and malaria, respectively. Coinfection was found in 18 (4.7%) cases. Of the total
1,378 febrile patients initially screened for both these conditions, males and females were 50.7% and 49.3%,
respectively. Of the 95 patients of malaria, male preponderance was present (72.6% vs 27.4%), while typhoid
had female dominance (male: 45.4%; female: 54.6%). The prevalence of malaria, typhoid, and coinfection was
highest in the age group of 16-30 years, which was around 43%-45%. The study revealed that the typhoid
prevalence rate was higher than malaria in patients in whom initial diagnosis was made of either malaria or
typhoid. Fever cases, in which either malaria or typhoid was suspected on basis of clinical symptoms (27.86%,
384 out of 1,378 samples), were having positive results of either malaria, typhoid, or both.

1. INTRODUCTION

during and just after the rainy season. Malaria epidemics can

Malaria and typhoid fevers have clinical symptoms, which are
dominated by fever, and have two distinct pathogenic organisms
with different modes of transmission [1]. Malaria is an acute
febrile illness and is sometimes fatal. The five most important
Plasmodium species are Plasmodium falciparum, Plasmodium
vivax, Plasmodium malariae, Plasmodium ovale, and the new
species Plasmodium knowlesi. The bites of female Anopheles
mosquitoes transmit malaria. Transmission depends on the
climatic environment that may affect the number and continued
existence of mosquitoes, such as rainfall patterns, temperature,
and humidity. In many places, transmission is seasonal and peaks
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occur when the atmosphere and other conditions abruptly favor
transmission in areas where people have minute or absence of
immunity for malaria. People having low immunity move to
areas with intense malaria transmission as refugees or migrant
workers and develop severe diseases. According to the latest
World Health Organization (WHO) malaria fact sheet, World
Malaria Report, released on 30th November 2020, there were
229 million malaria cases and 409,000 malaria deaths in the
world in 2019. The WHO region of Americas reported that the
predominant parasite is P. vivax, representing 75% of malaria
cases. The majority of malaria cases and deaths occur in sub-
Saharan Africa. Half of the world’s population was at risk of
malaria in 2018. However, the WHO regions of southeast Asia,
Eastern Mediterranean, Western Pacific, and the Americas
are also at risk [2]. The diagnosis has to be accurate so that
appropriate treatment for malaria which is a medical emergency
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can be instituted. Hence, specific investigation and accurate
species identification is very important [3].

While typhoid fever causes systematic infection and is an
important cause of fever and has global distribution [4]. The load
of typhoid fever in low and middle-income countries is higher due
to poor sanitation and unhygienic lifestyle [5]. Every year, the
estimated cases of typhoid patients are 11-21 million, with around
128,000-161,000 deaths. Paratyphoid cases are estimated to be of
6 million per year with 54,000 deaths because of it. The majority
of cases occur in south and southeast Asia and sub-Saharan Africa.
The highest risk occurred in communities lacking access to proper
sanitation, safe drinking water, and health education, the vulnerable
group being children [6]. There are many Gram-negative enteric
bacilli; however, Salmonella typhi, Salmonella paratyphi A, B,
and C are more responsible for enteric fever. Transmission occurs
through the fecal-oral route by contaminated hands as well as
by contaminated food and water [7]. Typhoid patients can take
few months to recover and may have socioeconomic significance
[8]. Widal test is a useful diagnostic procedure for typhoid fever
in developing countries like India, where in small hospitals and
healthcare centers culture facility is not available [9].

A major public healthcare problem, malaria and typhoid fever are
caused by organisms like protozoa and Gram-negative bacilli,
correspondingly, in tropical and subtropical countries. They are
transmitted by different mechanisms of actions [10]. There is a
risk of contracting both infections simultaneously by people in
endemic regions [11,12]. Here, both diseases have significantly
overlapping clinical manifestations [13—16]. Therefore the
resemblance of clinical symptoms may not lead to not proper
diagnosis and there maybe exploitation of febrile patients [14,17].
Therefore, a reliable diagnostic method is important for treating
such cases to reduce the use of incorrect medicines or disuse of
drugs [14,16—18]. This study included both malaria and typhoid
fever and coinfections incidence for all patients having fever.

2. MATERIALS AND METHODS
2.1. Study Design and Study Site

The present study is a prospective observational study carried
out in the Microbiology Department at SBKS Medical Institute
and Research Centre. Blood samples were 1,378 (January 2015—
December 2019) from patients of all age groups and were from
both outpatient department and inpatient department collected
from cases of all febrile patients in whom initial diagnosis of
either malaria or typhoid fever was made. It was carried out at a
tertiary care hospital attached to the medical college situated at
Piparia, Vadodara district.

2.2. Samples

The present study included 1,378 samples of febrile patients at
a tertiary care hospital. The patients presented clinically with
fever and other indicative symptoms of malaria and typhoid
fever. 5 ml of whole blood sample was collected into the
ethylenediaminetetraacetic acid bulb by venipuncture [19]. The
diagnosis of malaria was carried out by using the following
techniques.

2.2.1. Thick and thin blood smears

For blood smears, clean 26 mm x 76 mm glass slides were used for
thick and thin smears, prepared according to the standard method
on it and the smears were stained with Giemsa stain. Thick and
thin smears were determined according to the standard book [20].

2.2.2. Detection of antigen

A total of 1,378 samples were tested by rapid diagnostic test with
the Malascan Pan/Pf kit for the detection of malaria. In the malaria
kit, a membrane strip contained parasite lactate dehydrogenase
(pLDH)/histidine-rich protein 2 (HRP2) in which pLDH was
responsible for P. vivax and HRP2 for P, falciparum species. In the
whole blood sample 5 pl was added. Afterward, two drops of the
assay buffer was added into the buffer well. Then, after 20 minutes
the results were obtained.

2.3. Typhoid Fever Detection

Widal slide test (Beacon diagnostics Pvt. Ltd., Navsari, Gujarat)
was carried out as a rapid slide test. This diagnostic reagent kit was
used for the detection of specific antibodies produced in response
to the stimulation by specific antigens of Salmonella. The killed
bacterial suspension was specifically “O” and “H” antigen of
Salmonella. This will react with immunospecific antibodies which
may be present in the patient’s serum and agglutinated with the
antigen to produce agglutination or clumps on the slide. According
to the manufacturer’s instructions in the test kit procedures were
carried out. On the slide test, to one drop of the patient’s serum on
each circle was added one drop of antigens “O”, “H”, “AH”, and
“BH.” It was then mixed well and agglutinated to be observed after
1 minute. The agglutination was visible within 1 minute and then
it was proceeded for quantitative estimation. As positive values
>1:80, antibody titers for “O”, “H”, “AH”, and “BH” antigens
were considered.

2.4. Analysis of the Data

The present study generated data which were obtainable with
descriptive statistics. The data were analyzed and the results are
presented in tables and in percentage.

3. RESULTS AND DISCUSSION

3.1. General Prevalence in Percentages

The study included a total of 1,378 samples, out of which 384
samples were positive. Out of 384 positive cases, malaria positive
were found in 95 (24.7%) patients, typhoid fever positive were in
271 (70.6%) cases, and in 18 (4.7%) patients coinfections were
found (Table 1).

3.2. Gender-wise Prevalence in Percentages

This study diagnosed 95 malaria-positive patients, out of which
69 were male (72.6%) and 26 female (27.4%). 271 patients were
having typhoid fever, out of which male and female-positive were
123 and 148 patients, respectively. Both malaria and typhoid fever
coinfection were found in 18 patients, out of which 4 (22.2%)
were female and 14 (77.8 %) were male (Tables 2 and 3).
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3.3. Age-wise Prevalence (%)

With regard to age-wise prevalence, among the total 95 malaria-
infected patients, 16-30 years were 46.3%, 31-45 years were
17.9%, 46—60 years were 13.7%, 1-15 years were 11%, and 61—
75 years were 10%. Among the total 271 typhoid patients, 16-30
years were 42.8%, 31-45 years were 27.3%, 46—60 years were
12.5%, 1-15 years were 8.5%, and 61-75 years were 6.3%. In
patients with coinfections (18) of typhoid and malaria, 44.4% of
the patients were found in the age group of 16-30 years, 22.2%
found in both age groups 31-45 and 61-75 years, and 11.1% of
the patients were found of the 46—-60 years age group (Tables 4
and 5).

Table 1. Overall prevalence (%) of malaria, typhoid, and coinfection.

No. of test  No. of infected  No. of infections
Illness

samples samples (%)
Malaria 1,378 384 95 (24.7%)
Typhoid 1,378 384 271 (70.6%)
Malaria + typhoid 1,378 384 18 (4.7%)

Table 2. Prevalence of both malaria parasite and typhoid fever
infections according to sex.

Sex Total samples Number infected vlv\i;ll:n be;::;se::f:r
(1,378) with malaria (%) typo
(%)
Male 699 (50.7%) 69 (72.6%) 123 (45.4%)
Female 679 (49.3%) 26 (27.4%) 148 (54.6%)
Total 1,378 (100%) 95 (100%) 271 (100%)

Table 3. Prevalence of both malaria and typhoid fever coinfection
according to sex.

Number infected with coinfection

Sex Total number tested (%)
Male 18 14 (77.8%)
Female 18 4(22.2%)

Table 4. Incidence of coinfection in the age groups.

Age group No. infected with coinfection (n = 18)
1-15 0
16-30 8 (44.4%)
31-45 4(22.2%)
46-60 2 (11.1%)
61-75 4(22.2%)

The major public health problem of malaria and typhoid is still
present in tropical areas. The high prevalence of coinfection of
typhoid and malaria in the tropic are also common; however, the
mechanism of action to elucidate the relationship among malaria
and typhoid fever are not identified [21].

In this study, out of 1,378 patients, malaria was diagnosed in 95
(24.7%), typhoid fever in 271 (70.6%), and coinfection of malaria
and typhoid fever in 18 (4.7%). In this study, male and female
malaria patients who reported positive were 72.6% and 27.3%,
respectively. A similar percentage was reported in the study on
Azia and Umudioka people in Anambra state, wherein 76% were
male and 62% were female [22].

The total typhoid fever cases were 271, of which male and female
were 45.4% and 54.6% respectively. The study carried out in
Ekwulumili Community, Anambra State, Southeastern Nigeria,
recruited 200 participants; 40 (20.0%) were positive for malaria and
11 (5.5%) tested positive for typhoid fever. Of these 11 cases that
had typhoid, 2 (18.18%) were male and 9 were female (81.82%)
[23]. Another study of coinfection of malaria and typhoid fever
in Nigeria of Obuda-Aba residents typhoid positivity was present
in 47.5% of 120 male and 38.4% of 125 female participants [22].

The present study found 4.7% prevalence of typhoid and malaria
coinfection, and a similar low prevalence of 4% was reported in
Dhir District of Pakistan [24]. 3.9% prevalence was reported by
Afoakwah et al. [25] in Ghana. A similar study reported the overall
coinfection rate of 5.0% (10 out of 200) (2 male and 8 female)
among the Ekwulumili Community in Nigeria [22].

In some countries, general practitioners/clinicians prescribe
antimalarial drugs or anti-typhoid drugs without a diagnostic test.
Thus, proper diagnosis is essential for the management of such
fever cases which will save treatment cost and unnecessary use
of antibiotics [26]. In contrast to our study, the prevalence of both
malaria and typhoid fever coinfection was reported to be high in
residents of Obuda-Aba, Abia State of Nigeria. 45 (37.5%) out of
120 males, 55 (44.0%) out of 125 females, and 105 (42.86%) of
275 total cases had coinfection.

The relationship between poor sanitary system with occurrence of
elevated malaria and typhoid fever coinfection cases are reported
by various researchers. Various host and environmental factors
like age, occupation, water quality and unhygienic surroundings
are related to malaria—typhoid coinfections [27]. On the other side,
low rainfall and dry climate can decrease the coinfection rate [28].
Coinfection was high (8 out of 18, i.e., 44%) in the age group of
16-30 years and was low (2 out of 18, i.e., 11.1%) in the 46—60
years age group in the present study. No coinfection was found in

Table 5. Prevalence of malaria parasite and typhoid fever patients according to age groups.

Age group in years Number of
tested
1-15 years 100
16-30 years 595
31-45 years 340
46-60 years 208

61-75 years 108

Number of malaria infected in %
(n=95)

11 (11.6%)
44 (46.3%)
17 (17.9%)
13 (13.7%)
10 (10.5%)

Number of typhoid fever infected (%)
(n=271)

23 (8.5%)
116 (42.8%)
74 (27.3%)
34 (12.5%)
17 (6.3%)
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age group of 1-15 years. This was in contrast to the study carried
out in Ekwulumili Community of Southeastern Nigeria where the
1-10 years age group had a coinfection rate of 11%, which was
maximum, and a 2.8% prevalence rate was reported in the 51-60
age group.

The epidemiology of febrile illness in tropical countries is changing
due to improvement in sanitation and good hygienic practices. The
global burden of typhoid fever is estimated by indirect parameters
and actual incidence is difficult to determine. Malaria incidence is
related to local change in climate conditions and rainfall. However,
generation of new data and evidences in relation to these diseases
are important as it may help public healthcare authorities to take
necessary actions [29].

4. CONCLUSION

The study revealed that the typhoid prevalence rate is higher than
malaria in patients with fever at a tertiary care hospital, Vadodara.
Of the total infections, 4.7% of the cases had both malaria and
typhoid coinfection. Both diseases were misdiagnosed because
most of the cases had similar symptoms and also without
laboratory test. Vector control, proper hygiene, and public health
education are the preventive measures that are necessary to control
these both diseases.
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