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ABSTRACT
Background: Plasmodium falciparum and Salmonella typhi are major causes of fever in the tropics. Although these
infections are caused by different organisms and are transmitted via different mechanisms, they have similar epidemio-
logic and clinical features. This study aimed to determine the prevalence of S. typhi and P. falciparum infections and their
associations with fever at 2 sites in Northern Tanzania.
Methods: This was a community-based, cross-sectional study, conducted from February to June 2016, involving 128 ran-
domly selected individuals, aged between 1 and 70 years. Sixty-three (49.2%) participants were recruited from Bondo
Ward, Tanga Region, and 65 (50.8%) were recruited from Magugu Ward, Manyara Region. Blood samples were col-
lected by venepuncture into sterile microtubes. Detection of pathogen DNA was achieved via a multiplex real-time poly-
merase chain reaction assay. Data analysis was done using Stata, version 14. Prevalence data were presented as
numbers and percentages, and chi-square analysis was used to assess associations. P values of .05 or less were consid-
ered statistically significant.
Results: Of 128 participants, 31 (24.2%) and 17 (13.3%) tested positive for P. falciparum and S. typhi infection, respec-
tively. Of the 63 participants from Bondo, 31 (49.2%) had P. falciparum parasitaemia. None of the participants from
Magugu tested positive for Plasmodium parasitaemia. S. typhi bacteraemia was detected in 11 (17.5%) of 63 and
6 (9.2%) of 65 participants in Bondo and Magugu, respectively. P. falciparum–S. typhi coinfection was only detected in
Bondo (n=6, 9.5%). Age was the only variable that showed a significant association with both P. falciparum and S. typhi
infection; falling within the 5- to 9-year or 10- to 15-year age groups was associated with both infections (X2=2.1; P=.045).
Among the 30 patients with Plasmodium parasitaemia, 7 (23.3%) had fever, whereas 2 (12.5%) of 16 patients infected by
S. typhi had fever. P. falciparum infection (X2=12.4, P<.001) and P. falciparum–S. typhi coinfection (X2=5.5, P=.019) were
significantly associated with fever, while S. typhi infection alone was not.
Conclusion: S. typhi and P. falciparum were considerably prevalent in the area. One-third of the P. falciparum–S. typhi
coinfected individuals in Bondo had fever. P. falciparum infection was an important contributor to febrile illness in Bondo.
In the presence of coinfections with P. falciparum and S. typhi, the use of malaria rapid diagnostic tests should be
emphasised to reduce irrational use of medications.

INTRODUCTION

In the investigation of fever in the tropics, 2 important
diagnoses to be ruled out are typhoid fever andmalaria.

Both cause significant morbidity, mortality, and eco-
nomic loss. Despite the progress in controlling salmonel-
losis globally, typhoid fever remains a public health
problem in several parts of the world. Despite a reported

decline in incidence inmany countries, the disease is still
widespread, particularly in South Asia and sub-Saharan
Africa, as a source of significant morbidity, mortality,
and economic losses.1,2 The World Health Organization
(WHO) estimates the global typhoid fever disease bur-
den at 11 to 20million cases annually, resulting in about
128,000 to 161,000 deaths per year.3 Malaria affects
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about 1 billion people each year, out of which 1 to 3 million
die. In the tropics, S. typhi and Plasmodium falciparum are the
most endemic pathogens,1,4 causing typhoid fever and
malaria, respectively. The 2 diseases are associated with pov-
erty and underdevelopment, making them more prevalent
in underdeveloped countries.5,6 Although these diseases are
caused by vastly different organisms transmitted via different
routes of infection – 1 is a gram-negative bacillus transmitted
via the faecal–oral route, and the other is a protozoan trans-
mitted via the bite of an insect vector – typhoid and malaria
share similar clinical and epidemiologic features.

Typhoid fever control efforts have included the establish-
ment of the Typhoid Fever Surveillance in Africa Program
(TSAP) in 2009 – a network of 13 sentinel sites in 10 sub-
Saharan African countries – created to generate high-quality,
contemporary, and standardised data on the incidences of
typhoid fever and invasive nontyphoidal salmonellosis in
sub-Saharan Africa.7 The overarching aim was to produce
the evidence required to support policymakers in introducing
prevention efforts against invasive S. typhi infections – in par-
ticular, the introduction of safe and effective typhoid fever
vaccines into routine immunisation programmes. TSAP has
achieved this ambitious target, finding high incidences of
typhoid fever in both rural and urban populations in several
countries in sub-Saharan Africa. The results of TSAP will dic-
tate the direction of future typhoid fever research and control
endeavours inAfrica, and at last provide a key piece of the dis-
ease burden jigsaw puzzle.7

Malaria control in Tanzania has been significantly scaled
up in the past decade. The Tanzanian National Voucher
Scheme (TNVS) has expanded the availability and accessibil-
ity of insecticide-treated nets (ITNs), particularly for children
and pregnant women, by subsidising costs of bed nets for
about a decade now.8 Parallel to this are other similar pro-
grammes aimed at strategically controlling malaria, such as
the National Insecticide Treated Nets (NATNETS) Tanzania
“Under-five Catch-up Campaign” and “Universal Coverage
Campaign”, which have contributed to an effective inte-
grated malaria control environment through increased ITN
use, subsidised tests, artemisinin-based medicines, and mas-
sive community sensitisation initiatives.9 The net result of
these strategies has been a reduction in malaria incidence
and child mortality rates in Tanzania.8

In malaria-endemic areas, the clinical presentation of
patients in the early stages of typhoid fever is challenging
because it is similar to numerous other causes of febrile illness,
such as malaria. Of all symptoms, persistent fever is a promi-
nent source of difficulty when narrowing down the differen-
tial diagnosis list.10 In most resource-limited tropical settings,
definitive laboratory diagnosis of concurrent malaria and
typhoid fever is based on blood smear microscopy for malaria
and theWidal test or bacterial culture for salmonellosis.

Although the introduction of malaria rapid diagnostic
testing (mRDT) has reduced the diagnostic dilemma of

patients presenting with fever, challenges exist that limit the
use of mRDT, including the logistical challenges involved
in increasing coverage to areas not accessible by road.
Nonetheless, many endemic countries in sub-Saharan Africa
have adopted mRDT to expand parasitological-based malaria
diagnosis capacity.10,11 The WHO recommends that malaria
treatment be based on diagnostic test results, but this directive
has yet to gain universal acceptance. This recommendation
will become particularly important as the incidence of malaria
decreases, as it will become more important to distinguish
cases of malaria from other febrile illnesses.12

Despite efforts invested in the diagnosis of malaria and
typhoid fever coinfections, it is concerning that diagnostic
challenges continue to hinder effective malaria and typhoid
control in the tropics. This is due to a combination of factors,
including the nonspecific clinical presentations of the dis-
eases, the high prevalence of asymptomatic infections in
many areas, the lack of resources and insufficient access to
trained health-care providers and facilities, and the wide-
spread practice of self-treatment for clinically suspected
malaria or typhoid fever.13–15 Unfortunately, there is a pau-
city of epidemiologic data regarding the extent of coinfection
with P. falciparum and S. typhi in many parts of Africa, includ-
ing Tanzania. Such data could assist clinicians to make more
informed decisions when patients present with symptoms
that pose a diagnostic dilemma.

We designed this study to provide baseline epidemiologic
data on the prevalence of P. falciparum–S. typhi coinfections in
2 areas of Northern Tanzania for which S. typhi prevalence
has not previously been determined. These data will provide
useful baseline information that will clarify themagnitude of
P. falciparum–S. typhi coinfection and facilitate reasonable
diagnostic and prescribing decisions.

METHODS

Study Design
This community-based, cross-sectional study, which aimed
to determine the prevalences of P. falciparum and S. typhi
infection and coinfection and their associations with fever,
was conducted from February to June 2016, in Bondo
Ward, Tanga Region, and Magugu Ward, Manyara Region,
in Northern Tanzania.

Study Sites
The 2 sites are located about 600 km apart and were selected
based on their differing locations, climatic conditions,
malaria transmission intensities, and the absence of data on
prevalence of S. typhi infections in these areas. Magugu is
located at 4°12' S and 35°45' E and is about 1,392 m above
sea level. Bondo is about 309 m above sea level at 5°22'60"
N and 38°34'60" E. The natives of both areas are agropastor-
alists with moderate human–animal interaction. Both areas
have 2 rainy seasons per year, with a long rainy season
between February and May and short rainy season between
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October and December. The long rainy seasons are usually
followed by high numbers of reported fever cases.11,16,17

Study Population
Study participants consisted of children and adults, aged
1 year and above, who were residents of the study sites,
Bondo and Magugu, for at least 6 months and consented to
participate in the study.

Sample Size
The minimum sample size for prevalence determination was
estimated using the Epi Tools online sample size calculator
and the following formula: [Z2p(1-p)]/c2, where Z=1.96 for
the 95% confidence level, p=the expected true proportion
of (9.0%) and c=the minimal tolerable error at the 95% con-
fidence level (0.05). This formula yielded aminimum sample
size of 126.We enrolled 128 participants. Following commu-
nity sensitisation activities, community members were
invited to participate, and those who met the enrolment cri-
teria were consecutively recruited into the study until the
desired sample size was attained.

Data Collection and Diagnostic Procedures
A short questionnaire was used to obtain demographic infor-
mation. Fever was defined as an axillary body temperature
≥37.5°C. Thick and thin blood smears formalaria microscopy
were prepared as described elsewhere.18,19 Briefly, blood
samples of 0.5 to 1 ml were collected into sterile tubes by
venepuncture from all consenting participants, and about
10 ml of whole blood was used for mRDT (SD BIOLINE®
Malaria Ag P. f/Pan, Suwon City, South Korea) and micros-
copy. These procedures were carried out by a trained labora-
tory technician. For each consenting participant, 1 ml of
whole blood was aseptically collected into ethylenediamine-
tetraacetic acid (EDTA) vacutainer tubes. The tubes were
shipped to the local laboratory in dry ice and later sent to
the Kilimanjaro Christian Research Institute’s biotechnology
laboratory and stored at –20°C for laboratory analyses. For
the purposes of this study, malaria parasitaemia (P. falcipa-
rum infection) was defined by detection of P. falciparum using
a real-time polymerase chain reaction (RT-PCR) assay,
regardless of the presence of fever or other clinical symp-
toms. mRDT and microscopy were done to aid clinical deci-
sion making and management.

Children under 5 years of age who were found to be
malaria-positive by mRDT were treated with antimalarials
according to national andWHO guidelines. Adults with fever
and positive mRDT results were treated with artemether-
lumefantrine, the first-line antimalarial drug in Tanzania.
Severe paediatric cases were referred to the nearby district
hospital in Korogwe District. Participants who were found
to have salmonellosis were appropriately managed with
ciprofloxacin according to national guidelines.

DNA Extraction
DNA extraction and purification were done using QIAamp
DNA Mini Kits (Qiagen, Valencia, CA, USA) according to
the manufacturer’s instructions. A 200 ll aliquot of blood
was lysed by QIAGEN protease and bound to a QIAamp
membrane by centrifugation according to the manufac-
turer’s instructions. The wash buffers, AW1 and AW2,
were sequentially used to remove residual contaminants to
improve the purity of the DNA. The purified DNA was then
eluted from the QIAamp membrane using buffer AE
(Qiagen, Valencia, CA, USA) and stored at –20°C ready for
the RT-PCR assay.

Detection of P. falciparum and S. typhi by RT-PCR
The RT-PCR assay was carried out in an Applied Biosystems
ViiATM 7 Real-Time PCR system (Thermo Fisher Scientific,
Waltham, MA, USA). The Master Mix kit for Tropical Fever
Core (Fast Track Diagnostics, Luxembourg) was used to pre-
pare the reaction mix. For a single reaction, 12.5 ll of FTD
buffer, 1.5 ll of tropical fever primers and probe mix, and
1ll of enzyme mix were placed into single MicroAmp
Optical 8-Tube Strips (Thermo Fisher Scientific, Waltham,
MA, USA), compatible with the ViiATM 7 Real-Time PCR sys-
tem, followed by 10 ll of sample. The same was done for all
samples, the positive control, and the extracted negative
control. The detection of pathogens was done at wave-
lengths of 520 nm for P. falciparum Tropical Fever 1 Primers
and Probes and 620 for S. typhi Tropical Fever 2 Primers and
Probes in theMaster Mix of the Tropical Fever Core kit (Fast
Track Diagnostics, Luxembourg). The positive, negative,
and internal controls used in this assay were commercially
prepared by Fast Track Diagnostics. The positive control
contained plasmids for the detection of P. falciparum and S.
typhi. The negative control contained lysis buffer, and the
internal control contained Streptococcus equi, which was also
used as an extraction control. At the end of the run, ampli-
fication plots were reviewed in order to adjust the threshold
line above all the background noise, as per the manufac-
turer’s instructions.

Data Processing and Statistical Analysis
Data were analysed using Stata, version 14 (StataCorp,
College Station, TX, USA) and categorised into demographic
(age, sex, residence) and clinical (body temperature and
prevalence of P. falciparum and S. typhi infections) variables.
The participant age groups for analysis were: <5 years, 5 to
9 years, 10 to 15 years, and above 15 years. Descriptive statis-
tics were used to summarise the demographic and clinical
characteristics of study participants. The chi-square (X2) test
was used to determine associations between categorical data.
Fisher’s exact test was used in cases when expected counts
were less than 5. A 2-tailed P value of .05 or less was consid-
ered statistically significant.
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Ethical Considerations
Ethical approval was obtained from the Kilimanjaro Christian
Medical University College Research Ethical Review Committee
(certificate of clearance #2030). Permission was also obtained
from community and local authorities. Written informed con-
sent was obtained from each participant before enrolment, and
legal guardians consented forminors. Access to the data –which
were anonymised –was restricted to the research team.

RESULTS

Demographic and Clinical Characteristics
Demographic data are presented in Table 1. A total of
128 participants were enrolled, with almost equal enrolment
from each site: 63 (49.2%) participants from Bondo and
65 (50.8%) from Magugu. About two-thirds (n=85, 66.4%)
were females, and a similar proportion (n=83, 64.8%) were
above 15 years old. There were 21 (16.4%) children younger
than 5 years of age. Few participants (n=10, 8.1%) were
found to have fever at the time of the survey.

Prevalence of P. falciparum and S. typhi Infection and
Coinfection
Table 2 shows both the overall and site-specific prevalences of
P. falciparum and S. typhi infection. Sixty-three participants
were screened for P. falciparum infection in Bondo, of whom
31 (49.2%) hadmalaria parasitaemia, in contrast with the ab-
sence of P. falciparum parasitaemia in Magugu. The prevalen-
ces of S. typhi infection inBondo andMaguguwere 17.5%and
9.2%, respectively. The prevalence of P. falciparum–S. typhi
coinfection was 9.5% in Bondo, and – with no cases of coin-
fection in Magugu – the overall coninfection prevalence was
4.7%.

Association of P. falciparum and S. typhi InfectionWith
Demographic Characteristics
Table 3 shows findings related to the associations between P.
falciparum and S. typhi infection and participant demographic
variables. When data from both sites were combined, only
age was significantly associated with S. typhi infection
(X2=2.1; P=.045), with 17.6% and 28.6% of the participants
in the 5- to 9-year and 10- to 15-year age groups testing pos-
itive for S. typhi infection, respectively. Children younger
than 5 years had the lowest prevalence of S. typhi infection.
There was no association between S. typhi infection with ei-
ther participant sex or study site.

Similarly, there was a strong association between
Plasmodium infection and age (X2=18.2; P<.001), with the
5- to 9-year and 10- to 15-year age groups having parasitae-
mia prevalences of 57.9% and 57.1%, respectively. The par-
ticipants aged >15 years had the lowest prevalence of P.
falciparum infection.We did not find any association between
P. falciparum infection and sex.

Factors AssociatedWith P. falciparum–S. typhi
Coinfection and Fever
Table 4 shows that the associations between P. falciparum–

S. typhi coinfection and sex, age, and study site were all not
statistically significant.

Table 5 shows the analysis findings related to the associa-
tions between various factors and fever. Seven (23.3%) of
30 participants with P. falciparum parasitaemia had fever,
compared with only 2 (12.5%) who had fever among the
16 participants who tested positive for S. typhi infection.
P. falciparum infection was associated with fever (X2=12.4;
P<.001), and no association was found between S. typhi
infection and fever. Among the 6 participants with P. falcipa-
rum–S. typhi coinfection, 2 (33.3%) had fever (X2=5.5;
P=.019). Fever was most prevalent among 5- to 15-year-
olds (X2=17.44, P<.001). There was no association between
sex and fever.

DISCUSSION
The high prevalence of pathogens that cause overlapping
clinical signs and symptoms, particularly fever, poses a seri-
ous challenge in diagnosing and managing febrile illness.
This is particularly true in resource-poor countries, such as

TABLE 1. Demographic and Clinical Characteristics
(N=128)

Variable n (%)

Sex

Male 43 (33.6)

Female 85 (66.4)

Site

Bondo 63 (49.2)

Magugu 65 (50.8)

Age, years

<5 21 (16.4)

5–9 17 (13.3)

10–15 3 (5.5)

>15 83 (64.8)

Fever statusa

No 114 (91.9)

Yes 10 (8.1)

a There were 4 missing entries for fever status (n=124).
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Tanzania, where the diagnostic infrastructure is constrained.
Diagnoses are frequently provisional in the absence of
adequate confirmatory tests, and it is, therefore, a common
practice that antimicrobials are irrationally prescribed, lead-
ing to serious consequences, including the development of
antimicrobial resistance.20,21 This scenario justifies the appli-
cation of high-throughput and highly sensitive molecular
tools to determine the causes of diseases with overlapping
clinical signs and for proper management of febrile illness.

About half of the participants in Bondo had P. falciparum
parasitaemia. This finding represents an increase in malaria
parasitaemia prevalence compared with what has been
observed in the past decade, during which time significant
shifts have been reported. In 2009, the P. falciparum parasitae-
mia prevalence was 32.8% in the rainy season22; the preva-
lence dropped to 12% in 2011,12 with a further drop to 8.6%
in 2013.23 However, a recent survey conducted in Bondo in
2016 reported a prevalence of 20.5%.18 In the absence of stud-
ies to explain the observed fluctuations in malaria prevalence
in the study area, a number of explanations can be proposed
regarding the outcomes ofmalaria control efforts implemented
in the studied areas, including seasonal differences at the times
when data were collected for the respective studies.

In the past decade, the TNVS, implemented by the
Tanzanian government, has contributed to a significant
reduction in malaria through increasing the availability and
accessibility of ITNs mainly targeting children and pregnant
women.8 Other initiatives, such as the NATNETS Tanzania
“Under-five Catch-up Campaign” and “Universal Coverage
Campaign”, have complemented the TNVS.9 These initiatives
have contributed to a substantial reduction in the incidence

and prevalence of malaria in Tanzania, as reported by recent
studies.8,9 However, a substantial impact on the disease bur-
den has not been sustained. Challenging obstacles prevent-
ing optimal malaria control persist, including poor access to
health care, poor performance of health service delivery,
poor availability of proper diagnosis and treatment services,
increased drug resistance, and high costs of health-care serv-
ices.15 The increased malaria prevalence in Bondo suggests
the possibility of a breakdown of malaria control strategies
in the area. Support for malaria control at both the national
and district levels has increased considerably over the past
few years. The low prevalence of P. falciparum infection in
Magugu has been reported for about a decade,11,20,24 likely
because Magugu serves as an experimental study site for a
national pesticide research institute.25

The prevalence of S. typhi infection in Bondo was high,
with about one-fifth of the population testing positive for S.
typhi, while in Magugu, about one-tenth of individuals were
found to be infected with S. typhi. Previous studies have
reported a similar uneven distribution of Salmonella infection,
with the occurrence of invasive nontyphoidal salmonellosis
more common in areas with high malaria transmission rates,
while S. typhi is reportedly common in areas with low rates of
malaria transmission.26 Wide variations in the prevalence
of S. typhi infection have been reported in different parts of
Tanzania and elsewhere in sub-Saharan Africa.19,27,28

Participants between 5 and 15 years of age had the highest
S. typhi infection prevalence in this study – an observation that
was statistically significant. S. typhi infection was not associ-
ated with sex or study site. It has been reported that the most
common dietary protein sources in Tanzania include milk,

TABLE 2. Prevalences of Plasmodium falciparum infection, Salmonella typhi infection, and P. falciparum–S. typhi
Coinfection

Variable

Prevalence

Bondo (n=63) Magugu (n=65) Overall (N=128)
n (%) n (%) n (%)

P. falciparum–S. typhi coinfection

Negative 57 (90.5) 65 (100) 122 (95.3)

Positive 6 (9.5) 0 (0.0) 6 (4.7)

S. typhi infection

Negative 52 (82.5) 59 (90.8) 111 (86.7)

Positive 11(17.5) 6 (9.2) 17 (13.3)

P. falciparum infection

Negative 32 (50.8) 65 (100) 97 (75.8)

Positive 31 (49.2) 0 (0.0) 31 (24.2)
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TABLE 3. Association Between Plasmodium falciparum and Salmonella typhi Infection With Age, Sex, and Study Site

Infection Type Variable

S. typhi Test Result

Total
n X2 (P Value)

Negative
n (%)

Positive
n (%)

S. typhi infection All subjects 111 (86.7) 17 (13.3) N=128

Age, years

<5 19 (90.5) 2 (9.5) 21 2.1 (.045)

5–9 14 (71.4) 3 (17.6) 17

10–15 5 (71.4) 2 (28.6) 7

>15 73 (88.0) 10 (12.0) 83

Sex

Female 73 (85.9) 12 (14.1) 85 0.2 (.70)

Male 38 (88.4) 5 (11.6) 43

Site

Bondo 52 (82.5) 11 (17.5) 63 1.9 (.17)

Magugu 59 (90.8) 6 (9.2) 65

P. falciparum Test Result

Negative
n (%)

Positive
n (%)

P. falciparum infection All subjects 97 (75.8) 31 (24.2) 128

Age, yearsa

<5 14 (66.7) 7 (33.3) 21 18.2 (<.001)

5–9 8 (47.1) 9 (57.9) 17

10–14 3 (42.9) 4 (57.1) 7

>15 72 (86.8) 11 (13.3) 83

Sex

Female 64 (75.3) 21 (24.7) 85 0.03 (.86)

Male 33 (76.7) 10 (23.3) 43

Site

Bondo 32 (50.8) 31 (49.2) 63 b

Magugu 65 (100) 0 (0.0) 65

a Fisher’s exact test performed.
b Statistical analysis not performed because 1 of the sites had a prevalence of 0 (0.0%).
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eggs, andmeat, with urban dwellers consumingmore of these
products than rural inhabitants.29 These types of food are
known important risk factors for human salmonellosis world-
wide.30 Although the consumption of these foods is generally
low in Tanzania, efforts have been made to ensure that
school-aged children consume milk countrywide.31 Whether
sanitary precautions are strictly observed or not, this could
serve as a possible source of S. typhi infection in this age group,
especially in periurban sites like Bondo. We found that
malaria parasitaemia was most prevalent among participants
between 5 and 15 years of age. A shift in burden of infection
from being more prevalent among children under 5 to being
more prevalent among school-aged children has recently
been reported.18 In the absence of objective data to explain
this shift, we speculate that because most malaria interven-
tions over the past decade have targeted children under
5 and pregnant mothers,8,9 our findings reflect a reduction of
immunity to malaria among older children, who were previ-
ously targeted by rigorous malaria control interventions
when they were below 5 years of age. For both S. typhi and P.
falciparum, individuals older than 15 years had the lowest
infection rates, most likely explained by the build-up of spe-
cific immunity to these infections.

The prevalence of P. falciparum–S. typhi coinfection was low
(4.7%), and coinfection occurred only in Bondo, where the
malaria parasitaemia prevalence was high. Despite the low
coinfection rate, there are important implications for the

coinfected individuals. There is accumulating epidemiologic
and preclinical evidence supporting a causal association
between malaria and nontyphoidal salmonellosis.32 However,
the clinical characteristics and consequences of P. falciparum–S.
typhi coinfection are not well documented, although mortality
associatedwith coinfection has been reported to be higher than
that associated with malaria alone.32

We found that nearly a quarter of individuals with P. fal-
ciparum infection in Bondo had fever, implying a significant
contribution of P. falciparum infection to the development of
fever. Besides that, 12.5% of participants with S. typhi infec-
tion had fever, reflecting an important contribution of S. typhi
to the burden of febrile illness in the area. One-third of indi-
viduals coinfected with P. falciparum and S. typhi had fever.

We presume that the remaining three-quarters of afebrile
participants with P. falciparum infection were asymptomatic
carriers. However, our findings do not rule out infection
with other causes of fever that we did not test for. This possi-
bility is supported by the findings of a previous study con-
ducted in Magugu, where more than two-fifths of patients
were clinically misdiagnosed as having malaria even though
only less than 1% of blood films were confirmed P. falcipa-
rum-positive.11 Testing for a wider range of fever-causing
pathogens would yield more specific findings to inform diag-
nostic and management guidelines for febrile illnesses. Our
findings underscore the urgency of developing appropriate
guidelines for the diagnosis and treatment of P. falciparum–

TABLE 4. Factors Associated With Plasmodium falciparum and Salmonella typhi Coinfection

Variable

Plasmodium–Salmonella
Coinfection

Total
n X2 (P Value)

Negative
n (%)

Positive
n (%)

All subjects 122 (95.3) 6 (4.7) N=128
Age, yearsa

<5 20 (95.2) 1 (4.8) 21 4.3 (.10)
5–9 15 (88.2) 2 (11.8) 17.0
10–14 6 (85.7) 1 (14.3) 7
>15 81 (97.6) 2 (2.4) 83

Sexa

Female 81 (95.3) 4 (4.7) 85 0.0 (1.0)
Male 41 (95.4) 2 (4.6) 43

Site
Bondo 57 (90.5) 6 (9.5) 63 b

Magugu 65 (100) 0 (0.0) 65

a Fisher’s exact test performed.
b Association test not performed because 1 of the sites had no cases of coinfection.
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S. typhi coinfection, as clinicians commonly dismiss the possi-

bility of multiple infections during an initial patient visit. In
attempts to implement an intensive malaria control pro-
gramme in Tanzania, the Ministry of Health has launched a
widely advertised Kiswahili slogan: “Siyo kila homa ni
malaria”, literally translated as, “Not every fever is malaria”.
This slogan not only reminds patients to avoid self-
medication, it also reminds clinicians to carefully consider
mixed infections when patients present with generic symp-
toms, such as fever and headache.

RECOMMENDATIONS AND CONCLUSION
We report a prevalence of P. falciparum–S. typhi coinfection
of 9.5% in Bondo, and we detected no coinfection in

Magugu. One-third of the coinfected individuals in Bondo
had fever. P. falciparum infection was an important con-
tributor to the febrile illness burden in Bondo. Magugu
was free from P. falciparum infection during the study pe-
riod. Considering the presence of coinfections with P. fal-
ciparum and S. typhi, we recommend emphasising and
enforcing the use of mRDT to reduce irrational use of med-
ications. We also recommend the scale-up of typhoid fever
diagnostic tools to underserved areas of Tanzania to help
distinguish between malaria and typhoid fever.
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TABLE 5. Association of Fever With Demographic Characteristics and Infection With Plasmodium falciparum, Salmonella
typhi, or Both (N=124)

Variable

Fever Statusa

X2 (P Value)
Feverb No Fever
n(%) n (%)

P. falciparum infection
Positive 7 (23.3) 23 (76.7) 12.4 (<.001)
Negative 3 (3.2) 91 (96.8)

S. typhi infection
Positive 2 (12.5) 14 (87.5) 0.5 (.48)
Negative 8 (7.3) 101 (92.7)

P. falciparum–S. typhi Coinfection
Positive 2 (33.3) 4 (66.7) 5.5 (.019)
Negative 8 (6.7) 111 (93.3)

Residence
Bondo 10 (16.1) 52 (83.9) c

Magugu 0 (0.0) 62 (100.0)
Aged

<5 3 (15.8) 16 (84.2) 17.4 (<.001)
5–9 5 (29.4) 12 (70.6)
10–15 1 (14.3) 6 (85.7)
>15 1 (1.2) 80 (98.8)

Gender
Male 5 (12.8) 34 (87.2) 1.7 (.19)
Female 5 (5.9) 80 (94.1)

a There were 4 missing entries for fever status (n=124).
b Fever was defined by axillary temperatures ≥37.5°C.
c Association test not performed because 1 of the sites had no cases of coinfection.
d Fisher’s exact test performed.

P. falciparum and S. typhi Coinfection and Fever in Northern Tanzania www.eahealth.org

East African Health Research Journal 2018 | Volume 2 | Number 2 154

www.eahealth.org


REFERENCES
1. Crump JA, Luby SP, Mintz ED. The global burden of typhoid fever. Bull World Health

Organ. 2004;82(5):346–353. Medline

2. Qamar FN, Azmatullah A, Bhutta ZA. Challenges in measuring complications and
death due to invasive Salmonella infections. Vaccine. 2015;33(suppl 3):C16–C20.
CrossRef. Medline

3. World Health Organization. Typhoid: fact sheet. WHOWebsite. http://www.who.
int/mediacentre/factsheets/typhoid/en/. Accessed 13 November 2018.

4. Uneke CJ. Concurrent malaria and typhoid fever in the tropics: the diagnostic challenges
and public health implications. J Vector Borne Dis. 2008;45(2):133–142. Medline

5. Mogasale V, Maskery B, Ochiai RL, et al. Burden of typhoid fever in low-income and
middle-income countries: a systematic, literature-based update with risk-factor
adjustment. Lancet Glob Health 2014;2(10):e570–e580. CrossRef. Medline

6. World Health Organization (WHO).World Malaria Report 2015. Geneva: WHO;
2015. http://www.who.int/malaria/publications/world-malaria-report-2015/
report/en/. Accessed 8 November 2018.

7. Von Kalckreuth V, Konings F, Aaby P et al. The Typhoid Fever Surveillance in Africa
Program (TSAP): clinical, diagnostic, and epidemiological methodologies.Clin Infect
Dis. 2016; 62(suppl 1):S9–S16. CrossRef. Medline

8. Renggli S, Mandike R, Kramer K, et al. Design, implementation and evaluation of a
national campaign to deliver 18 million free long-lasting insecticidal nets to uncov-
ered sleeping spaces in Tanzania.Malaria J. 2013;12:85. CrossRef. Medline

9. Bonner K, Mwita A, McElroy PD, et al. Design, implementation and evaluation of a
national campaign to distribute nine million free LLINs to children under five years of
age in Tanzania.Malaria J. 2011;10:73. CrossRef. Medline

10. Pastore S, Vuch J, Bianco AM, Taddio A, Tommasini A. Fever tree revisited: from
malaria to autoinflammatory diseases.World J Clin Pediatr. 2015;4(4):106–112.
CrossRef. Medline

11. Mwanziva C, Shekalaghe S, Ndaro A, et al. Overuse of artemisinin-combination
therapy in Mto wa Mbu (river of mosquitoes), an area misinterpreted as high
endemic for malaria.Malaria J. 2008;7:232. CrossRef. Medline

12. Jones S, Grignard L, Nebie I, et al. Naturally acquired antibody responses to
recombinant Pfs230 and Pfs48/45 transmission blocking vaccine candidates. J
Infect. 2015;71(1):117–127. CrossRef. Medline

13. Seth M, Mdetele D, Phillips ST, Buza J. Challenges in diagnosis of febrile illnesses in
Tanzania in the era of declining malaria epidemiology. Am J Res Commun. 2015;3
(5):88–110.

14. Chiduo MG, Kamugisha M, Mhina A et al. Possible causes of fever among patients
with blood smear negative for malaria parasites at Bombo Regional Referral
Hospital in Tanga, Tanzania. Tanzan J Health Res. 2017;19(4). CrossRef

15. Mboera LE, Makundi EA, Kitua AY. Uncertainty in malaria control in Tanzania:
crossroads and challenges for future interventions. Am J Trop Med Hyg. 2007;77(6
suppl):112–118. Medline

16. Kweka EJ, Lowassa A, Msangi S, et al. Low sensitivity of ParaHIT-f rapid malaria test
among patients with fever in rural health centers, Northern Tanzania. J Infect Dev
Ctries. 2011; 5(3):204–208. CrossRef. Medline

17. Makundi A, Njunwa KJ, KamugishaML, et al. Exploratory study of malaria situation
in Hanang and Babati Districts after reported malaria epidemic: III. Socio-economic
factors. Tanzan J Health Res. 2001;3(2):30–36. CrossRef

18. Athanase E, Ndaro A, Minja L, Chilongola J. Association between malaria prevalence
and seropositivity of immunoglobulin G subtypes directed to Plasmodium falciparum
merozoite surface protein 1-19. Int J Trop Dis Health. 2016;19(1):1–13. CrossRef

19. Chipwaza B, Mhamphi GG, Ngatunga SD, et al. Prevalence of bacterial febrile ill-
nesses in children in Kilosa district, Tanzania. PLoS Negl Trop Dis. 2015;9(5):
e0003750. CrossRef. Medline

20. Mwanziva C, Manjurano A, Mbugi E, et al. Defining malaria burden frommorbidity
and mortality records, self treatment practices and serological data in Magugu,

Babati district, northern Tanzania. Tanzan J Health Res. 2011;13(2):93–96.
CrossRef. Medline

21. Chilongola J, Msoka E, Juma A, et al. Antibiotics prescription practices for provi-
sional malaria cases in three hospitals in Moshi, northern Tanzania. Tanzan J Health
Res. 2015;17(3).

22. Mmbando BP, Msangeni HA, Sembuche SH, et al. Epidemiology of malaria in an
area prepared for clinical trials in Korogwe, north-eastern Tanzania.Malaria J.
2009;8:165. CrossRef. Medline

23. Kajeguka DC, Kaaya RD, Mwakalinga S, et al. Prevalence of dengue and chikun-
gunya virus infections in north-eastern Tanzania: a cross sectional study among
participants presenting with malaria-like symptoms. BMC Infect Dis 2016;16:183.
CrossRef. Medline

24. DaouM, Kituma E, Kavishe R, et al. a-Thalassaemia trait is associated with antibody
prevalence against malaria Antigens AMA-1 and MSP-1. J Trop Pediatr. 2015;61
(2):139–142. CrossRef. Medline

25. Ijumba JN, Lyatuu E, Lawrence B, Masenga C. Bio-efficacy of diazinon (0.0 diethyl
0-(-2-isopropyl-6-methyl-4-pyrimidnyl) phosphorothioate) against Cimex and
Pediculus species at a social welfare camp, Magugu, Babati District, northern
Tanzania. Tanzan J Health Res. 2005;7(1):16–19. CrossRef

26. Biggs HM, Lester R, Nadjm B, et al. Invasive Salmonella infections in areas of high
and low malaria transmission intensity in Tanzania. Clin Infect Dis. 2014;58
(5):638–647. CrossRef. Medline

27. Hildenwall H, Amos B, Mtove G, Muro F, Cederlund K, Reyburn H. Causes of non-
malarial febrile illness in outpatients in Tanzania. Trop Med Int Health. 2016;21
(1):149–156. CrossRef. Medline

28. Nsutebu EF, Martins P, Adiogo D. Prevalence of typhoid fever in febrile patients with
symptoms clinically compatible with typhoid fever in Cameroon. Trop Med Int
Health. 2003;8(6):575–578. CrossRef. Medline

29. Thompson B, Amoroso L. Improving Diets and Nutrition: Food-based Approaches.
Wallingford, UK: Food and Agricultural Organization of the United Nations and
CABI; 2014. http://www.fao.org/3/a-i3030e.pdf. Accessed 9 November 2018.

30. Kimura AC, Reddy V, Marcus R, et al. Chicken consumption is a newly identified risk
factor for sporadic Salmonella enterica serotype Enteritidis infections in the United
States: a case-control study in FoodNet sites. Clin Infect Dis. 2004;38(suppl 3):
S244–S252. CrossRef. Medline

31. Mutagwaba CM. Development of School Milk in Tanzania. Food and Agricultural
Organization of the United Nations Website. http://www.fao.org/fileadmin/
templates/est/COMM_MARKETS_MONITORING/Dairy/Documents/
Development_of_School_Milk_in_Tanzania.pdf. Accessed 9 November 2018.

32. Takem EN, Roca A, Cunnington A. The association between malaria and non-
typhoid Salmonella bacteraemia in children in sub-Saharan Africa: a literature
review.Malaria J. 2014; 13:400. CrossRef. Medline

Peer Reviewed

Competing Interests: None declared.

Received: 21 Mar 2018; Accepted: 9 Sep 2018

Cite this article as: Chilongola J, Kombe S, Horumpende P, Nazareth R, Sabuni E,
Ndaro A, et al. Prevalence of Plasmodium falciparum and Salmonella typhi Infection
and Coinfection and Their Association With Fever in Northern Tanzania. East African
Health Res J. 2018;2(2):147-155. https://doi.org/10.24248/EAHRJ-D-18-00006

© Chilongola et al. This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original author and source are properly
cited. To view a copy of the license, visit http://creativecommons.org/licenses/by/
4.0/. When linking to this article, please use the following permanent link: https://
doi.org/10.24248/EAHRJ-D-18-00006

P. falciparum and S. typhi Coinfection and Fever in Northern Tanzania www.eahealth.org

East African Health Research Journal 2018 | Volume 2 | Number 2 155

http://www.ncbi.nlm.nih.gov/pubmed/15298225
https://doi.org/10.1016/j.vaccine.2015.03.103
http://www.ncbi.nlm.nih.gov/pubmed/25921727
http://www.who.int/mediacentre/factsheets/typhoid/en/
http://www.who.int/mediacentre/factsheets/typhoid/en/
http://www.ncbi.nlm.nih.gov/pubmed/18592842
https://doi.org/10.1016/S2214-109X(14)70301-8
http://www.ncbi.nlm.nih.gov/pubmed/25304633
http://www.who.int/malaria/publications/world-malaria-report-2015/report/en/
http://www.who.int/malaria/publications/world-malaria-report-2015/report/en/
https://doi.org/10.1093/cid/civ693
http://www.ncbi.nlm.nih.gov/pubmed/26933028
https://doi.org/10.1186/1475-2875-12-85
http://www.ncbi.nlm.nih.gov/pubmed/23496881
https://doi.org/10.1186/1475-2875-10-73
http://www.ncbi.nlm.nih.gov/pubmed/21453519
https://doi.org/10.5409/wjcp.v4.i4.106
http://www.ncbi.nlm.nih.gov/pubmed/26566482
https://doi.org/10.1186/1475-2875-7-232
http://www.ncbi.nlm.nih.gov/pubmed/18986520
https://doi.org/10.1016/j.jinf.2015.03.007
http://www.ncbi.nlm.nih.gov/pubmed/25869538
https://doi.org/10.4314/thrb.v19i4.3
http://www.ncbi.nlm.nih.gov/pubmed/18165482
https://doi.org/10.3855/jidc.1346
http://www.ncbi.nlm.nih.gov/pubmed/21444989
https://doi.org/10.4314/thrb.v3i2.14216
https://doi.org/10.9734/IJTDH/2016/28331
https://doi.org/10.1371/journal.pntd.0003750
http://www.ncbi.nlm.nih.gov/pubmed/25955522
https://doi.org/10.4314/thrb.v13i2.62980
http://www.ncbi.nlm.nih.gov/pubmed/25566606
https://doi.org/10.1186/1475-2875-8-165
http://www.ncbi.nlm.nih.gov/pubmed/19615093
https://doi.org/10.1186/s12879-016-1511-5
http://www.ncbi.nlm.nih.gov/pubmed/27112553
https://doi.org/10.1093/tropej/fmu077
http://www.ncbi.nlm.nih.gov/pubmed/25604491
https://doi.org/10.4314/thrb.v7i1.45102
https://doi.org/10.1093/cid/cit798
http://www.ncbi.nlm.nih.gov/pubmed/24336909
https://doi.org/10.1111/tmi.12635
http://www.ncbi.nlm.nih.gov/pubmed/26544671
https://doi.org/10.1046/j.1365-3156.2003.01012.x
http://www.ncbi.nlm.nih.gov/pubmed/12791064
http://www.fao.org/3/a-i3030e.pdf
https://doi.org/10.1086/381576
http://www.ncbi.nlm.nih.gov/pubmed/15095196
http://www.fao.org/fileadmin/templates/est/COMM_MARKETS_MONITORING/Dairy/Documents/Development_of_School_Milk_in_Tanzania.pdf
http://www.fao.org/fileadmin/templates/est/COMM_MARKETS_MONITORING/Dairy/Documents/Development_of_School_Milk_in_Tanzania.pdf
http://www.fao.org/fileadmin/templates/est/COMM_MARKETS_MONITORING/Dairy/Documents/Development_of_School_Milk_in_Tanzania.pdf
https://doi.org/10.1186/1475-2875-13-400
http://www.ncbi.nlm.nih.gov/pubmed/25311375
https://doi.org/10.24248/EAHRJ-D-18-00006
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.24248/EAHRJ-D-18-00006
https://doi.org/10.24248/EAHRJ-D-18-00006
www.eahealth.org

