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Abstract

Background

Clinicians in areas where malaria and typhoid fever are co-endemic often treat infected
patients irrationally, which may lead to the emergence of drug resistance and extra cost to
patients. This study determined the proportion of febrile conditions attributable to either
malaria and/or typhoid fever and the susceptibility patterns of Salmonella spp. isolates to
commonly used antimicrobial agents in Ghana.

Methods

One hundred and fifty-seven (157) febrile patients attending the Ga West Municipal Hospi-
tal, Ghana, from February to May 2017 were sampled. Blood samples were collected for cul-
tivation of pathogenic bacteria and the susceptibility of the Salmonella isolates to
antimicrobial agents was performed using the Kirby-Bauer disk diffusion method with antibi-
otic discs on Miller Hinton agar plates. For each sample, conventional Widal test for the
detection of Salmonella spp was done as well as blood film preparation for detection of Plas-
modium spp. Data on the socio-demographic and clinical characteristics of the study partici-
pants were collected using an android technology software kobo-collect by interview.

Results

Of the total number of patients aged 2—-37 years (median age = 6 years, IQR 3-11), 82
(52.2%) were females. The proportion of febrile patients with falciparum malaria was 57/157
(36.3%), while Salmonella typhi O and H antigens were detected in 23/157 (14.6%) of the
samples. The detection rate of Salmonella spp in febrile patients was 10/157 (6.4%). Malaria
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and typhoid fever coinfection using Widal test and blood culture was 9 (5.7%) and 3 (1.9%),
respectively. The isolates were highly susceptible to cefotaxime, ceftriaxone, ciprofloxacin,
and amikacin but resistant to ampicillin, tetracycline, co-trimoxazole, gentamicin, cefurox-
ime, chloramphenicol, and meropenem.

Conclusion

Plasmodium falciparum and Salmonella spp coinfections were only up to 1.9%, while
malaria and typhoid fever, individually, were responsible for 36.3% and 6.4%, respectively.
Treatment of febrile conditions must be based on laboratory findings in order not to expose
patients to unnecessary side effects of antibiotics and reduce the emergence and spread of
drug resistance against antibiotics.

Background

Malaria and typhoid fever are two febrile illnesses that cause varying degrees of illness and
death in the tropics and sub-tropics, where malaria and typhoid fever are co-endemic. Accord-
ing to the World Health Organization (WHO) global data on malaria published in 2021, about
241 million cases of malaria were diagnosed, with 627, 000 attributable deaths [1]. Two-thirds
of these deaths occurred in children under five mostly from Africa [1,2]. At the same time,
typhoid and paratyphoid fever, a systemic protracted febrile illness commonly caused by Sal-
monella typhi and common in malaria-endemic settings [3] resulted in 11 to 20 million cases
and 20,000 deaths [4]. Due to the lack of rapid, sensitive, and reliable differential diagnosis for
Salmonella in these settings with mostly weak peripheral health systems and resource con-
straints, cases of acute febrile illnesses are usually treated presumptively as malaria by clinicians
[5]. However, clinical diagnosis is problematic as most malaria-endemic areas are also co-
endemic for other infectious diseases that cause fever, such as typhoid fever, urinary tract
infection, and pneumonia [6]. Worryingly, diagnosis based on clinical presentation alone is
neither sensitive nor specific, resulting in over-treatment in suspected patients [7] thereby
developing drug resistance.

The predisposition to malaria and typhoid fever coinfection is usually influenced by similar
socio-epidemiological factors and dynamics such as dense populations with poor hygiene and
sanitation practices [8,9]. In Ghana, both malaria and typhoid fever were ranked among the
twenty leading causes of outpatient morbidities in 2013 [10]. Febrile patients reporting to the
Municipal Hospital are usually tested for malaria using the antigen-based point of care- rapid
diagnostic test (POC-RDT) at the outpatient department. Similar to practices identified in
other studies where malaria POC-RDT results were negative, still, patients were prescribed
antimalarials with the potential consequences of over-medicalization [11].

Malaria POC-RDT lacks sensitivity at low parasitemia levels below 50 parasite/pl of blood
[12]. Only in severe clinical febrile illness are patients requested to do a Widal test. However,
the Widal test lacks specificity compared to culture [13], although blood microscopy (for
malaria) and blood, stool, or bone marrow culture (for typhoid fever) remain the definitive
diagnostics, they are usually not available in most weak health facilities. Performing separate
tests with the definitive diagnostic methods for malaria and typhoid fever on an individual pre-
senting with fever to ascertain true coinfection, to be followed by appropriate treatment,
should remain the best option [13] if irrational use of antimalarials and antibiotics, emergence
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of drug resistance, unnecessary cost and exposure of patients to unnecessary side effects is to
be avoided. This study was conducted to provide epidemiological data on coinfection of
malaria and typhoid fever using standard diagnostic methods and determine the susceptibility
patterns of Salmonella isolates to commonly used antimicrobial agents in patients attending
the municipal health facility.

Methods
Ethical considerations

The Ghana Health Service Ethics Review Committee approved this study (GHS-ERC 52/12/
16). Consent was obtained from each patient or guardian of patients aged less than 18 years.
Privacy and confidentiality of the study participants were ensured by conducting the inter-
views in a private and conducive environment.

Study area and population

The study was conducted at the Ga West Municipal Hospital (GWM) in Amasaman, Accra.
The GWM is one of the 29 districts in the Greater Accra Region. The district is 60% rural and
40% peri-urban and urban. The municipality was carved out of the erstwhile Ga District,
which was created in 1988 in pursuance of the government’s decentralization and local gov-
ernment reform policy [14]. In 2004, the Ga District was divided into two districts, Ga East,
and Ga West, then in 2008 the Ga West District was divided into two, creating Ga West and
Ga South Municipalities. In 2018 it was further divided into Ga West and Ga North Munici-
palities, with Amasaman, remaining the capital of the Ga West Municipal. It lies between lati-
tude 5048’ North and 5039” North and longitude 0012’ West and 0022” West. The Municipality
shares borders with Ga East and Ga North Municipal Assembly to the southeast, Nsawam
Adoagyiri and Akwapem North to the north, and Ga Central and Ga South to the west. The
location of this district is a major potential for investment, and it is about 25 km west of Accra,
the national capital. It occupies a land area of approximately 145.4 sq km with about 72 com-
munities. The vast tract of land is being developed for both agriculture and estate development
The population of the Municipality for 2020 was 127,841 [15]. The municipality is divided into
four (4) sub-municipal areas for the purpose of planning and delivery of services, namely:
Amasaman, Mayera, Oduman, and Kotoku. The municipality has a district hospital, four
health centres, three clinics, four community-based health planning services (CHPS) zone
compounds, nine urban CHPS, ten private hospitals and four maternity homes. The Ga West
Municipal Hospital is the nearest referral hospital for the smaller health facilities in both Ama-
saman municipality and its environs, and in turn refers difficult cases to tertiary facilities in
Accra.

Sample preparation and collection

The study sample comprised febrile patients aged 2 years and above. Samples were collected
from February to May, 2017 at the outpatients’ department (OPD) in Ga West Municipal Hos-
pital, Amasaman in the Greater Accra region of Ghana. Participation in the study was volun-
tary and those who refused to take part in the study were still given appropriate attention by
the health personnel without any bias. Patients with fever > 37.5°C (temperature taken by an
infrared thermometer) presenting to the health facility at the OPD and having consent were
included in the study. Patients who met the above criteria but were found to be on antibiotics
or antimalarial therapy and those in critical conditions such as convulsion were excluded. Ten
(10) milliliters of venous blood were collected aseptically from patients over the age of ten. Out
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of this volume of blood, 7 mL was inoculated immediately into 45 mL of brain heart infusion
(BHI) broth and the remaining 3 mL was transferred into a sterile EDTA tube for malaria diag-
nosis and typhoid fever serodiagnosis. Similarly, 3-4 mL of blood was collected from children
under 10 years old, and 1.5-2 mL of blood was inoculated into 9 mL of BHI broth to isolate
Salmonella typhi and other Salmonella species [16].

Laboratory procedures

Malaria parasites detection. Malaria POC-RDT was done with the SD Bioline rapid diag-
nostic test kit (Gyeonggi-do, Republic of Korea). This kit determines both Plasmodium falcipa-
rum histidine rich protein II (PfhrpIl) and Plasmodium lactate dehydrogenase (pLDH)
antigens. Also, standard size thick and thin blood films were prepared, thoroughly air-dried
and the thin films fixed with absolute methanol for malaria species identification. The blood
films were stained with 10% (v/v) Giemsa solution for 20 minutes for the detection of Plasmo-
dium parasites and speciation. Malaria microscopy and RDT were done by medical laboratory
scientists certified by Ghana Health Service through the On-site Training and Supportive
Supervision (OTSS) training program.

The traditional Widal test. The Widal agglutination test (Maxwin Global Pharma, Chen-
nai, 600090, India) was performed on all blood samples using the rapid slide titration method
to detect Salmonella antigens; somatic (O) and flagella (H) antigens (Medsource Ozone Bio-
medicals, India). Briefly, 50 pL of test serum was placed in two circles on a glass slide and
equal volumes each of positive control and normal saline in each of the last two circles respec-
tively. A drop each of O and H antigens was added to the test serum in each circle and then to
the negative and positive controls. The content of each circle was mixed using the disposal
mixing sticks provided and spread to the entire circle, after which it was rocked gently for 1
minute and observed for agglutination. Antibody titration was performed for the slide reactive
samples using the tube technique. According to the manufacturer’s instructions, an antibody
titer of > 1: 80 was considered to be significant and usually suggestive of infection, according
to the manufacturer.

Cultivation, isolation, and identification of Salmonella spp from blood. Blood in BHI
broth was incubated aerobically at 35-37 °C for 7 days with intermittent cultivation on solid
media plates, namely, MacConkey agar (MAC), blood agar (BA) and chocolate agar (CA) on
day 2, day 4, and day 6. In the case where BHI broth showed no growth up to day 6, sub-cul-
tures were repeated from the broth on day 7 before it was discarded. Also, on each day of sub-
cultivation, broth tubes were examined for turbidity of blood-broth mixture, growth of micro-
colonies, haemolysis, colour changes and gas production. For 24-48 hours, the BA and MAC
agars were incubated aerobically at 35-37 °C and anaerobically at CA in micro-aerophilic con-
ditions (5-10% CO,) for 24-48 hours. This protocol was adapted from a previous study [17].
All isolates from the subcultures were Gram stained and identified through a series of bio-
chemical tests.

Biochemical characterization of bacteria. Biochemical tests such as hydrogen sulphide
production, presence of oxidase, indole production, carbohydrate metabolism (triple sugar
iron agar), citrate utilization and urease production were used to identify pathogens in positive
cultures. A sterilized vertical wire loop was used to pick about two colonies and inoculated
into the various biochemical tests (triple sugar iron agar, citrate and urea slants). Gram-nega-
tive rods that were oxidase negative with the characteristic red slope/yellow butt reaction on
triple sugar iron agar either with or without production of H,S were confirmed as Salmonella
species. S. paratyphi A was differentiated from S. typhi spp by demonstration weak H,S by S.
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typhi and no H,S production by S. paratyphi A with gas production by S. paratyphi A and no
gas production by S. typhi. This protocol has previously been published [18].

Antimicrobial susceptibility testing (AST). The susceptibility of the Salmonella isolates
to antimicrobial agents was performed using the Kirby-Bauer disk diffusion method with anti-
biotic discs on Miiller Hinton agar plates (Bauer et al., 1966). The antibiotics that were used
include: Ampicillin (10pug), Co-trimoxazole (25 pg), Tetracycline (10ug), Chloramphenicol
(10ug), Ciprofloxacin (5ug), Amikacin (30ug), Gentamicin (10ug), Meropenem (10ug), Cefur-
oxime (30pg), Ceftriaxone (30pg) and Cefotaxime. About 2-3 colonies of the same morpho-
logical type were picked and emulsified in a test tube containing 2.5 mL of sterile peptone
water to form a bacterial suspension (equivalent to the density of 0.5 MacFarland standard). A
sterile swab stick was dipped into the suspension and uniformly spread on the surface of the
Muller-Hinton agar by streaking the entire agar surface [19]. Antibiotic discs obtained from
Biomark Laboratory in India were firmly placed on the inoculated medium, inverted, and
incubated for 24 hours at 35-37°C. Zones of inhibition were measured after the incubation
period. The results were compared with the zone diameter interpretive standards of the Clini-
cal Laboratory Standards Institute NCCLS, 2006 [19].

Socio-demographic and clinical data collection. After taking the body’s temperature,
those whose temperature reading was >37.5°C and had consented were randomly selected. A
questionnaire designed and deployed using an android technology, ordinary data kit (ODK)
was administered to all participants in the study in English or the two main local languages
(Twi or Ga) for those who could not speak English. Each subject was assigned an identification
number. The questionnaire was made up of a section on the date of interview and individual
serial number; a demographic section including age, sex, marital status, educational level,
occupation, and location; and a clinical section covering fever, vomiting, diarrhoea, abdominal
pain, joint pain, fatigue, headache, history of transfusion, and antibiotic use; and an environ-
mental section on water source, toilet facility availability, bed net use, hand washing habits,
and habit of eating outside home. Randomly selected participants were interviewed, with
parents or guardians answering for children aged under 10 years. The questionnaire, which
took an average of 15 minutes to administer, was applied by two trained nurses who can com-
municate in all the three languages.

Data management and analysis. Data were double-entered and cleaned in MS Excel
before exporting to Stata 13.0 for analysis. Descriptive statistics were presented as percentages.
Continuous variables were presented as mean with standard deviation (SD) and median with
Interquartile range (IQR), while the Chi square test was used to determine the association of
infection status and socio-demographic and clinical variables. Multivariate logistic regression
analysis was performed to determine the magnitude and direction of these factors, setting p-
value at 0.05 for statistically significant associations.

Results

Distribution of febrile malaria and typhoid fever among study participants

Most of the participants positive for febrile malaria were males (54.4%), and aged 18 years and
below (89.5%). Most participants had only primary education (75.4%) and majority (82.5%)
were employed. Most lived in an urban setting (66.7%), used bed net (66.7%) and did not have
a history of travel (87.7%). Similar trends were observed for subjects with typhoid fever. The
common source of household water was borehole (80.0%), most infrequently ate outside
(90%) and slightly more than two-thirds (70.0%) had a toilet facility as seen in Table 1.
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Table 1. Distribution of malaria and typhoid fever among the study participants.

Predictors Febrile malaria Typhoid fever
Positive Negative i p-value Positive Negative x p-value
n (%) n (%) n (%) n (%)
Sociodemographics
Age group (year) 0.078 0.780 0.023 0.881
<18 51 (89.5) 88 (88.0) 9 (90.0) 130 (88.4)
>18 6 (10.5) 12 (12.0) 1 (10.0) 17 (11.6)
Gender 1.570 0.210 0.642 0.424
Male 31 (54.4) 44 (44.0) 6 (60.0) 69 (46.9)
Female 26 (45.6) 56 (56.0) 4 (40.0) 78 (53.1)
Marital status 0.616 0.735 15.327 0.000
Single 54 (94.7) 93 (93.0) 9 (90.0) 138 (93.9)
Married 3(5.3) 6 (6.0) 0 (0.0) 9(6.1)
Divorced 0 (0.0) 1(1.0) 1(10.0) 0 (0.0)
Education 1.383 0.710 1.015 0.798
No formal education 10 (17.5) 18 (18.0) 2 (20.0) 26 (17.7)
Primary 43 (75.4) 76 (76.0) 7 (70.0) 112 (76.2)
Secondary 2(3.5) 5(5.0) 1(10.0) 6 (4.1)
Tertiary 2(3.5) 1(1.0) 0 (0.0) 3(2.0)
Occupation 0.008 0.931 0.059 0.808
Employed 47 (82.5) 83 (83.0) $(80.0) 122 (83.0)
Unemployed 10 (17.5) 17 (17.0) 2 (20.0) 25 (17.0)
Residence 0.124 0.940 3.614 0.164
Urban 38 (66.7) 65 (65.0) 5 (50.0) 98 (66.7)
Peri-urban 14 (24.6) 27 (2.0) 5 (50.0) 36 (24.5)
Rural 5(8.7) 8 (8.0) 0 (0.0) 13 (8.8)
Determinants of febrile malaria
Bed net usage 0.045 0.833
Yes 19(33.3) 35 (35.0)
No 38(66.7) 65 (65.0)
History of travel 0.003 0.959 0.626 0.429
Yes 7(12.2) 12 (12.0) 2(20.0) 17 (11.6)
No 50(87.7) 88 (88.0) 8 (80.0) 130 (88.4)
Determinants of typhoid fever
Source of household water 2.174 0.704
Tap water 2 (20.0) 49 (33.3)
Borehole 8 (80.0) 85 (57.8)
Packaged water 0 (0.0) 4(2.7)
River 0 (0.0) 5(3.4)
Others 0 (0.0) 4(0.0)
Habit of eating outside home 0.082 0.590
Never 1(10.0) 10 (6.8)
Infrequent 9 (90.0) 124 (84.4)
Frequent 0(0.0) 13 (8.8)
Availability of toilet facility 0.820 0.365
Yes 7 (70.0) 120 (81.6)
No 3 (30.0) 27 (18.4)
Number of persons in household 2.209 0.137
(Continued)
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Table 1. (Continued)

Predictors Febrile malaria Typhoid fever
Positive Negative i p-value Positive Negative x p-value
n (%) n (%) n (%) n (%)
1 5 (50.0) 106 (72.1)
2 5 (50.0) 41 (27.9)

n, frequency; %, percentage frequency; %7, chi-square statistics at a significance of p<0.05.

https://doi.org/10.1371/journal.pone.0267528.t001

Proportion of malaria, typhoid fever, and malaria-typhoid fever
coinfection

The commonest presenting signs and symptoms were fever (100%), headache (68.8%), abdom-
inal pain (45.9%), vomiting (36.9%), anorexia (29.3%), joint pain (20.4%), fatigue (15.9%),
diarrhea (15.9%), and with having previously used antibiotic during disease onset (100.0%). Of
the 157 febrile patients, the prevalence of malaria as determined by RDT and confirmed by
microscopy was 36.3% (57/157). In all the parasites identified, mRDT detected PfhrpII anti-
gens. Twenty-three (14.6%) of patients had antibody titers (both O and H antigens) for Salmo-
nella spp while 10 (6.4%) were positive for blood culture. Diagnosing typhoid fever with Widal
test and blood culture, coinfection with malaria was 9 (5.7%) and 3 (1.9%), respectively.

Factors associated with malaria and culture positive S. typhi infections

Table 2 shows logistic regression analysis of the determinants of febrile malaria and typhoid
fever. No particular factor significantly predicted risk of infection with malaria or typhoid in
this study.

Antimicrobial susceptibility profiles of Salmonellae isolates

All isolates exhibited resistance against ampicillin, tetracycline, co-trimoxazole, gentamicin,
cefuroxime, chloramphenicol and meropenem while the isolates showed susceptibility to cefo-
taxime, ceftriaxone, ciprofloxacin, and amikacin (Table 3).

Discussion

Malaria and typhoid fever continue to be major diseases of public health concern, especially in
tropical countries, and are known to present clinically similar symptoms, with fever being the
major presentation [20]. Our investigation showed that the common clinical complaint
reported by patients with suspected malaria or typhoid fever was fever, followed by headache,
then abdominal pain. In the current study, 36.3% of patients with febrile illness were found to
have malaria and 14.6% and 6.4% had typhoid fever using the traditional Widal test and blood
culture, respectively.

Even though the two diseases are endemic in Ghana, findings from this study show that
malaria was implicated as the cause of most febrile illnesses. Studies conducted elsewhere in
Ghana reported a marginally higher prevalence of malaria (18.6%) than typhoid fever (17%)
[21]. However, prevalence of malaria was found to be much higher than typhoid fever in this
setting. Comparing widal test to blood culture assay (the gold standard diagnosis for typhoid
fever), there was overestimation using the Widal test which gives a false positive of (8.3%) and
this could be due to the persistence of Salmonella antibodies in the patients [22] or cross-reac-
tivity of Salmonella H and O antigens with other pathogens [23].
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Table 2. Factors associated with febrile malaria and typhoid fever infections.

Predictors Febrile malaria Typhoid fever
COR 95% CI p-value COR 95% CI p-value

Age group (year)

<18 Ref Ref

>18 1.16 0.41-3.28 0.781 1.18 0.14-9.87 0.881
Gender

Male Ref Ref

Female 1.52 0.78-2.92 0.211 1.7 0.46-6.26
Marital status

Single/Divorced Ref Ref

Married 2.01 0.40-10.03 0.394 - - 0.999
Education

No formal education Ref Ref

Primary 0.42 0.156-1.11 0.790 1.23 0.24-6.27 0.803

Secondary/Tertiary 0.64 0.13-3.25 0.586 0.69 0.06-8.58 0.775
Occupation

Employed Ref Ref

Unemployed 0.96 0.41-2.27 0.931 0.82 0.16-4.09 0.809
Residence

Urban Ref Ref

Peri-urban /Rural 0.56 0.29-1.12 0.98 0.5 0.14-1.81 0.219

Determinants of febrile malaria

Bed net usage

Yes Ref

No 0.93 0.47-1.85 0.833
History of travel

Yes Ref

No 1.03 0.38-2.78 0.959

Determinants of typhoid fever

Source of household water

Tap water Ref

Borehole 0.43 0.09-2.12 0.303
Habit of eating outside home

Never Ref

Infrequent 1.38 0.16-12.00 0.77

Frequent - - 0.999
Availability of toilet facility

Yes Ref

No 0.53 0.13-2.16 0.372
Number of persons in household

1 Ref

2 0.39 0.11-1.41 0.149

Bivariate regression analysis at a significance of p < 0.05; COR, crude odds ratio; CI, confidence interval; Ref, reference.

https://doi.org/10.1371/journal.pone.0267528.t1002
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Table 3. Antimicrobial susceptibility profile of Salmonella isolates from typhoid fever.

Antibiotic S. typhi N =10 (%) S. paratyphi N = 3 (%) Other Salmonella spp. N = 2 (%) Total N = 15 (%)
Ampicillin 8 (80) R 3(100) R 2(100) R 13 (86.7) R
Tetracycline 9 (90)R 3(100) R 2(100) R 14 (93.3) R
Co-trimoxazole 10 (100) R 3(100) R 2(100) R 15 (100) R
Gentamicin 10 (100) R 2(66.7) R 2 (100) R 14 (93.3) R
Cefotaxime 7(70) S 2(66.7) S 1(50) S 10 (66.7) S
Cefuroxime 10 (100) R 3(100) R 1(50) R 14 (93.3) R
Chloramphenicol 6 (60) R 1(33.3)R 2 (100) R 9 (60) R
Ceftriaxone 6 (60) R 2(66.7) S 1(50) S 11(73.3) S
Ciprofloxacin 10 (100) S 3(100) S 2 (100) S 15 (100) S
Amikacin 10 (100) S 3(100) S 2 (100) S 15 (100) S
Meropenem 8 (80.0) R 2 (66.7) R 2 (100.0) R 12 (80.0) R

R, resistant; S, susceptible; %, percentage frequency.

https://doi.org/10.1371/journal.pone.0267528.t003

Typhoid fever prevalence in this study, using the Widal test, is comparable to findings in
Northwest Ethiopia (19.0%) [24] and Ibadan, (16.7%) [25] but much lower compared to other
studies in Sierra Leone, (31.4%) [26], and Kaduna State, (36.6%) [13]. Differences in preva-
lence could be due to differences in Widal test kits used, seasonal variations during which the
study was carried out, differences in cultural practices especially with respect to handwashing
as well as availability of toilet facilities. Additionally, there is a variation in the baseline anti-
body titres of healthy individuals in different geographical settings, making the interpretations
of the results complex [27]. Widal test is also known to cross-react with Plasmodium antibod-
ies [28]. Due to these limitations, reason, diagnosis of typhoid fever using blood culture is
preferred.

A previous study in Ghana [29], Cameroon [30], Nigeria [3,31], Ethiopia [24] and India
[13,32] used blood culture to diagnose typhoid fever in febrile patients. This study found that
49.0% of the fevers were neither malaria nor typhoid. Clearly, other clinical conditions are also
associated with fever. A few of them are sickle cell [33], viral infections [34], and other haemo-
parasitic infections such as babesiosis [35]. It could also be a result of systemic inflammation
[36]. Other bacterial infections such as leptospirosis [37], Mycoplasma pneumoniae infection
[38], streptococcal throat infection [37] and meningitis [39] are also known to be associated
with pyrexia. A study in Tanzania also found patients presenting with fever-related febrile con-
ditions such as Q fever and brucellosis, were undetected in a large number of patient diagno-
ses, whiles malaria accounted for only 1.6% of all febrile illnesses [40]. These findings
underscore the existence of non-malarial and non-typhoid febrile illnesses in both malaria and
typhoid fever endemic regions which can only be detected with good diagnostic facilities.
Therefore, the need for innovative biomedical technologies to aid diagnosis cannot be
overemphasized.

It was found that insecticide-treated bed net usage was not associated with malaria even
though about 65% of the patients did not use insecticide-treated bed nets. Insecticide-treated
nets have been shown to be highly efficient at reducing malaria incidences [41]. Also, the
source of drinking water was not associated with typhoid fever, though such an association has
been previously found [42]. The frequency of typhoid fever was higher in study participants
who bought food from a vendor. This observation could be due to unhygienic conditions that
characterize commercial food preparation [43]. Habit of eating outside home, toilet facilities at
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home, and sources of water for drinking were also not significantly associated with typhoid
fever. This finding is supported by a study in Ethiopia [24].

Malaria and other bacterial coinfection have been previously reported. Pathogens such as
Salmonella enterica serovar and Escherichia coli [44], Klebsiella pneumonia, Rickettsia felis, Aci-
netobacter spp., Klebsiella spp., Haemophilus influenza, Pseudomonas spp., Enterobacter cloa-
cae, Serratia marcescens, Aeromonas spp and Campylobacter spp [45] Surprisingly, the
Salmonella pathogens isolated in this study were found to be resistant to seven out of the
eleven (63.6%) antibiotics tested. The antibiotics found not to be effective against the patho-
gens were the penicillins (ampicillin), the sulphonamide (co-trimoxazole), tetracycline, the
aminoglycoside (gentamicin), cephalosporin (cefuroxime), chloramphenicol (inhibitor of pro-
tein synthesis) and the carbapenem (meropenem). However, another penicillin class of antibi-
otics, amikacin, two cephalosporins that are $-lactam agents (cefotaxime and ceftriaxone) and
the only fluoroquinolone (ciprofloxacin) were highly sensitive against the isolated pathogens.
As reported in this study, several other studies in Ghana and elsewhere have reported high
prevalence of ampicillin, co-trimoxazole, tetracycline, gentamicin, cefuroxime, chlorampheni-
col, and meropenem resistant blood pathogens [46-49]. The resistance of blood pathogens to
these antibiotics in this study could be associated with frequent use of these antibiotics in this
setting. In this and other studies, amikacin has been found to be very effective against most
bacteria, probably because of its resistance to most aminoglycoside-modifying enzymes. Ami-
kacin has been widely used successfully to treat bacteria that were resistant to other aminogly-
cosides [50-52]. The cephalosporin class of antibiotics, especially the 3rd generation types,
have shown tremendous success in treating Gram-negative infections such as salmonellosis.
These cephalosporins are resistant to beta-lactamases produced by some bacteria [53,54]. Mul-
tiple Plasmid-Mediated Quinolone Resistance (PMQR) resulting in resistance to ciprofloxacin
in Salmonella species has increasingly been reported in some studies [55,56]. However, this
study together with several others, found ciprofloxacin to be sensitive to Salmonella species
[57-59]. Ciprofloxacin is known to exert it bactericidal action by inhibiting DNA replication
through inhibiting bacterial DNA topoisomerase and DNA-gyrase [60].

Some limitations of this study are the small sample size which might have reduced the sta-
tistical power to detect statistical differences. However, given the greater stability and less vari-
ability of the assessed parameters the sample size remains adequate and unlikely to influence
the conclusion of the study. Secondly, only the standard manual method (blood culture) was
used in isolating the organisms and this could have been done alongside molecular techniques
involving PCR which are more sensitive and would have been more accurate. Thirdly, serotyp-
ing for antigenic structure and grouping of Salmonellae species was not done.

Conclusion

Malaria and typhoid comorbidity were less than 2% of the total samples analyzed. Individually,
more than five times malaria fever were presented compared to typhoid fever. Due to the low
prevalence of malaria and typhoid fever coinfection, clinicians should not treat concurrently
but rather stick to differential diagnosis to ensure judicious use of resources.

Implications of these findings

The implications of these findings are enormous. Based on these findings and reports from
other studies, malaria was the cause of fever among febrile patients rather than typhoid fever.
Meanwhile, the prevalence of malaria and typhoid fever coinfection was also found to be low.
Therefore, treating bacterial infections without previous determination of antibiogram does
not help the control of bacterial infections and also leads to the creation of drug-resistant
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strains. It is recommended that all bacterial and parasitic infections be treated by clinicians
based on a laboratory diagnosis and antibiogram profile. This is because there is a chance that
most commonly available antibiotics or antimalarials may not be sensitive to the pathogen
causing the infection. Again, to reduce the risk of antimicrobial resistance development and
the spread of resistant bacteria, healthcare organizations like Ghana Health Service must enact
or re-enforce procedures to ensure the optimal use of antibiotics. This can be achieved by
implementing antimicrobial stewardship programs. Organizations can provide appropriate
antibiotics to patients requiring antibiotic treatment. Additionally, these programs ensure the
correct antibiotic is prescribed at the right time, dose, and duration. Collectively, these mea-
sures improve patient health outcomes and preserve the effectiveness of antimicrobial
treatments.
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