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Acute febrile illness (AFI) is a common cause of pediatric hospital visits in developing countries. 
Identifying the broad range of pathogens that can cause fever is critical to: improving AFI 
management, preventing unnecessary prescriptions, and guiding public health interventions. 
Between March 2020 and December 2021, 436 children in Mwanza, Tanzania were enrolled with acute 
fever lasting < 7 days. Malaria MRDT and microscopy, dengue rapid NSI antigen, dengue serology, 
chikungunya serology, urinalysis, blood and urine cultures were conducted. Multiplex reverse-
transcriptase-polymerase-chain-reaction-ELISAs (m-RT-PCR-ELISA) were also performed for malaria, 
dengue virus type 1–4, Zika virus, chikungunya virus, yellow fever virus, Rift Valley fever virus, and 
West Nile virus. Nasopharyngeal swabs obtained from 77 children were used to identify respiratory 
pathogens using a multiplex PCR panel. Bacteria or viruses in the bloodstream, urinary and upper 
respiratory tracts were identified in 26/436 (6%), 47/436 (10.8%), and 33/77 (43%) of the participants, 
respectively. Pneumonia was diagnosed in 59/436 cases and confirmed in 8 by chest X-ray. The majority 
of isolates recovered from the bloodstream and upper respiratory tract were resistant to antibiotics 
commonly used clinically. Those organisms were most commonly found in cases of AFI. To conclude, 
there is an urgent need for point-of-care diagnostic assays for AFI that strengthen existing infection 
prevention interventions and evidence-based antimicrobial stewardship programs.
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Two-thirds of 2.6 million pediatric infectious disease deaths occur annually in Sub-Saharan Africa (SSA)1. The 
majority are preventable with appropriate and timely management. Parasitic, bacterial and viral infections often 
present as acute febrile illness (AFI); fever is the most common symptom accounting for approximately one billion 
episodes annually worldwide2,3. The symptoms and differential diagnoses of these illnesses display significant 
similarities making accurate identification of the etiologic agent difficult without laboratory confirmation4,5. 
There has been a change in the epidemiology of AFI in African children compared to 15 years ago when malaria 
was the most likely cause4–6. Non-malarial febrile illnesses are important causes of morbidity and mortality even 
in areas where malaria is endemic7–10.

Co-infections along with multiple outbreaks of emerging and re-emerging arboviral infections in Africa 
have doubled the burden. Factors associated with this expanded burden include urbanization, global travel and, 
importantly, climate change11,12. Climate change plays an important role in the adaptation of disease-carrying 
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organisms, and the expansion of vector-borne diseases, e.g., malaria, dengue, and Zika fever, into previously 
unaffected areas. This expansion has been attributed to a variety of factors that include environmental changes 
associated with increasing temperature, which affect mosquito physiology and the rate of mosquito growth, 
population size and survival13. Rainfall and humidity are also important factors14.

Given the diagnostic challenges in identifying the causes of AFI in children, the majority of cases are 
diagnosed clinically and provided empirical treatment with antibiotics or anti-malarial drugs4,10,15. The lack of 
diagnostic tools needed to provide timely and accurate results hinders a more targeted approach to treatment16. 
In the absence of specific diagnostic tests, empirical treatment must be guided in an effort to reduce morbidity 
and to prevent further development of antimicrobial resistance. Resistance is exacerbated by the limited capacity 
to perform laboratory analysis and sensitivity assays for common infections. Studies conducted in four African 
countries: Tanzania, Kenya, Uganda and Zambia, found adequate capacity was mainly present in tertiary and a 
few regional hospitals, but the availability of diagnostic tools was limited in many areas of Africa17.

Studies dedicated to the causes of AFI were conducted more than 10 years ago in Tanzania; these focused 
mainly upon hospitalized children below 5 years-of-age18–20. Reliable data for viral infections, and both emerging 
and reemerging diseases are lacking. This is especially true of data that consider a change in epidemiologic 
disease patterns due to climate change7,21. Information concerning the causes of fever, which is based upon 
diagnostic approaches that use both clinical presentation and laboratory confirmation, is critical for the correct 
management of these children.

Our recent study demonstrated that 80% of the study participants had neither malaria nor a dengue virus 
infection22. Investigating other causes of fever is paramount to providing epidemiological data that can guide 
empirical treatment of AFI. In the current study, blood and urine samples, dried blood spots, and nasal swabs 
were collected in an effort to identify potential AFI pathogens. The goal was to gain a better understanding of 
the epidemiological landscape of the relevant pathogens causing fever in children in the Lake Victoria region of 
Mwanza, Tanzania.

Methods
Study location
This study was conducted at Bugando Medical Centre (BMC), Sekou Toure Regional Referral Hospital (STRRH), 
Nyamagana District Hospital (NDH), Sengerema Designated District Hospital (SDDH), and Buzuruga 
Health Centre (BHC), all located within the Mwanza Region of Tanzania. Mwanza is the second largest urban 
metropolitan area, found in Northwestern Tanzania on the southern shores of Lake Victoria. According to the 
2022 national census, Mwanza has a population of 3,104,521 people, a more detailed description of the study 
site was provided in our previous publication. BMC is the main teaching hospital of the Catholic University of 
Health and Allied Sciences (CUHAS), as well as for the Tertiary Referral Hospital for the Northwestern Tanzania, 
which serves ~ 18 million people. Approximately 60,000 children are seen annually by the pediatric departments 
on an inpatient (17,000) and outpatient (43,000) basis, ~ 40% present with acute fever in the Lake Victoria 
region. The children screened and included in this study came from the Mwanza Region, one of eight regions in 
northern Tanzania. Neonates, young infants ≤ 2 months-of-age and surgical patients were not included in this 
study. Participants were recruited during working hours on Mondays, Wednesdays and Fridays.

Study design and recruitment of the participants
This cross-sectional periodic prevalence and analytical study involving children ranging from 1 to ≤ 12 years-
of-age was conducted between March 2020 and December 2021, a period that correlates with the disease 
seasonality. Arborvirus infections like dengue fever and acute respiratory infections tend to be more prevalent 
during rainy seasons in tropical areas. The study enrolled children who met presumptive malaria or dengue virus 
infections designated by WHO23,24. The children presented with an acute onset of high-grade fever (> 38 °C) 
lasting less than 7 days and at least one of the following symptoms: (1) vomiting, (2) headache, (3) rash or (4) 
joint pain. Patients with critical conditions that required intensive critical care, e.g., trauma or acute injury, or 
incomplete data (e.g., missing height/length or weight measurements) were excluded from the study (Fig. 1). The 
hospitals involved were divided into two groups during participant enrollment. The first group included higher 
tier hospitals: the tertiary and regional referral hospitals, i.e., BMC and STRRH, respectively. The second group 
was composed of lower tier hospitals that included two district hospitals and a health center: SDDH, NDH and 
BHC. All participants enrolled at the tertiary hospitals were inpatients admitted following collection of clinical 
samples. This study enrolled the same cohort of children who 80% had no known cause/correlation of acute 
fever episodes22. Screening was based upon the number of children seen at each of five study sites. Random 
sampling did not occur throughout the entire Mwanza region/lake Victoria region nor outside clinical pediatric 
settings (excluding neonatal and surgical clinics).

Specimen collection and laboratory procedures
Structured questionnaires were used to obtain social demographic characteristics, past medical history, and 
clinical information. Participant blood samples, urine samples, and nasal pharyngeal swabs were collected. Five 
milliliters of blood was collected from each child for malaria testing, m-RT-PCR-ELISA (arbovirus detection), 
blood culture and complete blood count; the malaria test was performed on site according to the manufacturer’s 
instructions. Complete blood counts were obtained using a Mindray hematology analyzer machine at the BMC 
laboratory as previously described.

Nasopharyngeal swabs were only obtained from 77 children who demonstrated fever, cough and flu-like 
symptoms. Swabs (Copan Diagnostics, Inc. CA, USA) were inserted straight back into one nostril along the 
floor of the nasal passage until reaching the nasopharynx25,26. The swabs were rotated gently for 5–10 s to loosen 
the epithelial cells and collect the sample. The samples were then transferred to viral transport medium and 
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stored at − 80 °C at the CUHAS until transported to the University Medical Center of the Johannes Gutenberg 
University Mainz, Germany for processing. For transportation to Mainz, the samples were packed according to 
IATA regulations in cooling boxes suitable for medical samples. Specific cooling methods were based upon the 
transportation time. The nucleic acid was extracted using a High Pure Viral Nucleic Acid Kit (Roche; Mannheim, 
Germany) and isolated at Mainz using a protocol adapted from Puppe et al.26. Purified nucleic acid was eluted in 
50 µl elution buffer; 4.5 µl was used as a template for m-RT-PCR-ELISA25,26.

A multiplex PCR panel capable of identifying 19 pathogens was used at Mainz to detect the pathogens that 
colonize or infect the upper respiratory tract. The following pathogens could be detected: enterovirus, influenza 
virus type A, influenza virus type B, respiratory syncytial virus, parainfluenza virus type 1, parainfluenza virus 
type 2, parainfluenza virus type 3, parainfluenza virus type 4, adenovirus, rhinovirus, human metapneumovirus, 
coronavirus, bocavirus, M. pneumoniae, C. pneumoniae, B. pertussis, B. parapertussis and L. pneumophila25,26.

Blood and urine culture
Brain heart infusion broth inoculated 1:10 with urine or blood samples was transported to the CUHAS 
Microbiology laboratory for bacterial culture and antimicrobial susceptibility testing (AST) following standard 
procedures. Briefly, inoculated blood culture bottles were pre-incubated for 18–24  h at 35 ± 2  °C before 
subculture on solid media, i.e., 5% sheep blood agar (SBA) and MacConkey agar (MCA) plates. Urine samples, 
on the other hand, were inoculated directly onto SBA and MCA plates within two hours following collection. All 
cultures were incubated aerobically at 35 ± 2 °C for 24 h. Morphology (e.g., size and color) and characteristics 
(e.g., hemolysis on SBA and lactose fermentation on MCA) were considered when interpreting positive and 
significant bacterial growth. For urine cultures, colony counts ≥ 105 CFU/ml were considered significant.

Fig. 1.  Flow diagram: study participants enrolled at five healthcare facilities in Mwanza, Tanzania. 
*Tests routinely available in this study. **Test obtained as part of the Provider initiated HIV Testing and 
Counseling (PITC) per Tanzania Guideline. Key: RDT, rapid diagnostic test; IgG, immunoglobulin G; IgM, 
immunoglobulin M; BS, blood microscopy; PCR, polymerase chain reaction; CHIKV, chikungunya virus; YFV, 
yellow fever virus; ZIKV, Zika virus, WNV, West Nile virus; RVFV, Rift Valley fever virus; ONN, O’nyong-
nyong virus.
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Biochemical identification testing
Pathogens isolated from blood and urine cultures were identified by biochemical identification tests prepared in-
house27. Briefly, bacteria were categorized as either gram-positive cocci or gram-negative rods by Gram staining. 
Catalase, coagulase, novobiocin disc, bacitracin disc, optochin disc, and bile aesculin were subsequently used to 
identify gram-positive cocci. Gram-negative bacteria were identified by: sugar fermentation and the production 
of H2S and CO2 on triple sugar ion (TSI) agar; motility and the production of H2S and indole on sulfide, indole, 
motility (SIM) medium; utilization of sodium citrate as the sole source of carbon on Simmons citrate agar; 
production of urease on Christensen’s urea agar; and production of cytochrome c oxidase on oxidase test strips. 
Second blood and/or urine samples were collected for culture to rule out the possibility of contamination, e.g., 
skin microflora, S. epidermidis. A second positive culture consisting of the same bacterial species was considered 
significant.

Antimicrobial susceptibility testing (AST)
AST was performed by the Kirby-Bauer disc diffusion method28. Bacterial pathogens were suspended in sterile 
0.9% saline, and the suspensions were adjusted to 0.5 McFarland turbidity standards. The suspensions were then 
spread over the entire surface of Mueller Hinton agar (MHA) plates to obtain an even lawn on which antibiotic 
discs were placed within 15 min. The MHA plates were incubated aerobically at 35 ± 2 °C for 18 h The diameter 
of the zones of inhibitions around the discs were measured in millimeters and interpreted as susceptible, 
intermediate or resistant according to the Clinical and Laboratory Standards Institute (CLSI) guidelines of 
202029. The disc combination method using third-generation cephalosporins with or without clavulanic acid 
was used for phenotypic confirmation of extended-spectrum β-lactamase (ESBL) production by ceftriaxone-
resistant Enterobacterales (CRO-RE)30. CRO-RE with a ≥ 5  mm difference in zones of inhibitions between 
third-generation cephalosporins with or without clavulanic acid confirmed a positive ESBL phenotype30. Briefly, 
ceftriaxone (30 µg CRO) and ceftazidime (30 µg CAZ) discs separated by 15 mm from a cefoxitin (30 µg FOX) 
disc were used for phenotypic confirmation of Amp-C β-lactamase production by CRO-RE with negative ESBL 
phenotypes30. A d-shaped zone of inhibition for CRO or CAZ on the side of FOX was interpreted as Amp-C 
β-lactamase positive29. All S. aureus strains exhibiting reduced susceptibility, i.e., zones < 22  mm around the 
cefoxitin disc, were interpreted as methicillin-resistant (MRSA).

Quality control measures
The questionnaire was cross-checked every day to ensure completeness and that data were entered into a data 
sheet. Sample collection, transportation and processing were conducted according to the standard protocol 
provided by the manufacturers and laboratory standard operating procedures. S. aureus (ATCC 25923), MRSA 
(ATCC 29213), E. coli (ATCC 25922), ESBL producing K. pneumoniae (ATCC 700603), and P. aeruginosa (ATCC 
27853) were used as control bacterial strains to check the quality of media, discs and incubation conditions.

Malaria MRDT, dengue rapid NSI antigen, dengue and Chikungunya serology
Approximately 0.5 ml was used onsite to conduct malaria rapid diagnostic tests (MRDT, NADAL Malaria Pf/Pan 
Ag 4 Species Test; nal von minden GmbH, Regensburg, Germany) and dengue rapid IgM/IgG tests as reported in 
previous publications22,31. Dengue was diagnosed using the SD Bioline NSI IgM/IgG combo rapid test according 
to the manufacturer’s instructions (Standard Diagnostics, Inc., Suwon City, Korea)22,24. A dengue-positive rapid 
IgG test indicated past infection.

Identification of malaria and arbovirus infections by m-RT-PCR-ELISA
Multiplex-RT-PCR combined with a microwell hybridization assay (m-RT-PCR-ELISA) was used to identify 
mosquito-borne malaria and arbovirus pathogens. The following steps were taken: (1) multiplex PCR in 
which DIG-11 UTP was incorporated into the amplified strand when the targeted pathogen was present; (2) 
hybridization of the denatured DIG-labeled amplified strand to ELISA plates coated with the pathogen-specific 
complementary probe; (3) binding of peroxidase-conjugated digoxigenin-specific antibodies26,31. to hybridized, 
DIG-labelled DNA; (4) peroxidase catalyzed oxidation of ABTS substrate added to the well; and (5) detection 
of the green product using a microplate reader at 405 nm confirmed the presence of the targeted pathogen31.

Case definitions
Fever, core body temperature ≥ 38  °C; malaria, rapid test positive, microscopic visualization of parasites, 
positive genus-specific PCR; confirmed mosquito-borne disease, positive PCR result for arboviruses (dengue, 
chikungunya, yellow fever, Zika, West Nile, Rift Valley, O’nyong-nyong); presumptive acute mosquito-borne 
infection, positive rapid diagnostic test (RDT) results (dengue non-structural protein 1 (NS1) and/or detection 
of anti-arbovirus IgM by ELISA; bacteremia, bacteria in blood; bacteriuria, bacteria in urine; upper respiratory 
infection, presence of potential pathogens determined by multiplex PCR panel. Complete blood counts were 
interpreted as previously described32. Clinical diagnosis of pneumonia and gastroenteritis was defined according 
to the World Health guidelines of Integrated management of childhood illness (WHO/IMCI)33. Anemia was 
defined using the following WHO classifications. (a) children 6 to 59 months of age: normal 110, 100–110 g/l, 
moderate 80–109 g/l, severe > 80 g/l for; (b) children 5–11 years of age: normal ≥ 115, 110–114 g/l, moderate 
80–109 g/l, severe > 80 g/l; and (c) children 12 to 14 years of age: normal ≥ 120, 110–119 g/l, moderate 80–109 g/l 
and severe > 80 g/l32,33.

Ethical approval and informed consent
Ethical approval was obtained from the National Institute of Medical Research of Tanzania (NIMR/HQ/R.8a/Vol. 
IX/2641). Ethical clearance was also obtained from the joint Catholic University of Health and Allied Sciences/
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Bugando Medical Centre review and Ethics Committee (CREC/455/2020). Permission was obtained from the 
administrations of: BMC, STRRH, BHC, NDH and SDDH. Written informed consent was obtained from a 
parent or guardian of each participating child. All participants diagnosed with malaria, dengue, bacteremia, 
bacteriuria, or the presence of viruses or fungi in the upper respiratory tract were treated according to the World 
Health guidelines23,24,33. The study was conducted in strict observance of the ethical standards adopted in the 
Declaration of Helsinki.

Data analysis
Data entry was conducted using Microsoft excel 10. The data were cleaned and analyzed using STATA version 
15. Results were summarized using continuous variables described as the mean and standard deviation, or 
the median with interquartile range depending upon its distribution. Categorical data were summarized as 
proportions (%). The prevalence of bacteremia, bacteriuria, malaria or arbovirus infections was determined by 
calculating the number of children who tested positive in terms of the total number tested. The chi-square test 
was used to assess differences between proportions. Factors associated with the organisms identified in the urine 
and upper respiratory tract were determined by univariate, followed by multivariate logistic regression analyses. 
The odds ratio and 95% confidence interval were obtained. All factors with P-values < 0.05 were considered 
statistically significant.

Results
A total of 457 children were eligible to participate; 436 were enrolled in the final analysis (Fig. 1). All 436 children 
presented with fever; 38 °C was the lowest, 41 °C was the highest. The majority of children were less than 2 years-
of-age (Table 1). Of 436 participants, 56.4% were male and 43.6% were female. Outpatient and inpatient children 
numbered 356 and 80, respectively. About 1.8% and 1.3% of the study participants suffered from severe wasting 
or stunting, respectively.

Clinical symptoms and vital signs of the study participants
Tachypnea and tachycardia were recorded in 235 and 179 children, respectively (Supplementary Table 1). Higher 
percentages of 6- to 12-year-old children exhibited elevated systolic and diastolic blood pressure, 30 mmHg and 
80 mmHg, respectively.

Laboratory findings
Bacteremia was observed in 6.2% of the study participants; 60% of those infections were due to gram-negative 
bacteria. Pathogens isolated in blood included Acinetobacter spp., K. pneumoniae, S. aureus (all were methicillin-
resistant), Enterococcus spp., S. pyogenes, and S. epidermidis (Supplementary Fig. 1). 23% of these produced AmpC 
β-lactamase. Approximate 10% of the participants had bacteria in their urine; E. coli followed by K. pneumoniae 
were the most common organisms identified (Supplementary Fig. 2). Candiduria was detected in urine samples 
obtained from 8 patients. Thirty-four children (7.8%) were diagnosed with dengue virus infections by NSI-
RDT. No arbovirus infections were detected by m-RT-PCR-ELISA (Table  2). Viruses were identified in the 
upper respiratory tract of 43% of 77 participants who provided nasopharyngeal swabs (Supplementary Fig. 3a). 
Rhinovirus followed by bocavirus were the most frequently identified in these selected patients (Supplementary 
Fig. 3b).

Etiology
Acute gastroenteritis and pneumonia diagnosed by WHO criteria were most commonly associated with AFI 
followed by laboratory analyses of bacteriuria and bacteremia (Fig.  2). The greatest prevalence occurred in 
children above 6 years-of-age (Fig. 3), and in more males than females (Supplementary Fig. 4). Diagnoses of 
gastroenteritis and pneumonia were higher in Nyamagana, Sekou Toure and Sengerema; dengue was most often 
seen in Bugando and Sengerema; bacteriuria was more common in Sekou Toure and Buzuruga (Supplementary 
Fig. 5).

Overlapping etiology
Potential overlapping causes of fever that occurred in non-malarial and non-dengue cases in this study were 
occasionally identified by laboratory tests. The overlap between bacteremia or bacteriuria and the presence of 
microorganisms in the upper respiratory tract was 0.2%; the overlap between bacteriuria and bacteremia was 1% 
(Fig. 4). Malaria and dengue virus coinfections were observed in 3.4% of patients in a previous study22.

Percent of antibiotic-resistant bacterial pathogens isolated from blood and urine samples
Gram-negative Acinetobacter spp. isolated from blood samples exhibited complete resistance to ceftriaxone, 
ceftazidime and meropenem (Supplementary Table 2). Similarly, Klebsiella pneumoniae demonstrated 100% 
resistance to amoxicillin-clavulanic acid, ceftriaxone, ceftazidime, ciprofloxacin and piperacillin-tazobactam. 
The following gram-positive bacteria isolated from blood samples exhibited significant antibiotic resistance: 
Staphylococcus spp. exhibited high resistance to gentamicin (50.0%), tetracycline (62.5%), erythromycin 
(100%) and trimethoprim-sulfamethoxazole (100%); Enterococcus spp. expressed 100% resistance to ampicillin, 
trimethoprim-sulfamethoxazole and vancomycin; and Streptococcus pyogenes displayed complete resistance to 
tetracycline, azithromycin, erythromycin, and trimethoprim-sulfamethoxazole.

Gram-negative E. coli isolated from urine samples demonstrated significant resistance to tetracycline, 
gentamicin, ciprofloxacin, ceftazidime and ceftriaxone (Supplementary Table 3). Klebsiella spp. exhibited 
elevated resistance to gentamicin, nitrofurantoin and ceftriaxone. Acinetobacter spp. displayed complete 
resistance to nitrofurantoin, ceftriaxone, and ceftazidime. Gram-positive S. epidermidis was 100% resistant to 
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tetracycline; Enterococcus spp., on the other hand, exhibited 50% resistance to gentamicin, and 100% resistance 
to ciprofloxacin, ampicillin, erythromycin and trimethoprim-sulfamethoxazole.

Association between microorganisms, clinical symptoms of non-malarial AFI, and social 
demographics of child participants
Logistic regression analyses were undertaken to ascertain the association between the detection of 
microorganisms, clinical symptoms and the sociodemographic of children enrolled in the study. Univariate 
analysis showed an association between bacteremia and a decreased period of fever duration (1–3 days). Fever 
duration below three days, however, did not promote bacteremia in this cohort of children independent of 
other factors assessed (Supplementary Table 4a). Multivariate analysis revealed a significant association between 
bacteriuria and vomiting (Supplementary Table  4b). Multivariate analysis, however, failed to demonstrate a 
correlation between bacteremia, bacteriuria and any of the other clinical or sociodemographic factors examined. 
Similarly, multivariate analysis failed to detect an association between the presence of microorganisms in the 
upper respiratory tract and any of these same factors (Supplementary Table 4c).

Discussion
This study was conducted using diagnostic tests and definitions formulated by WHO/IMCI for the non-malarial 
etiology of AFI. Accordingly, acute gastroenteritis and pneumonia were documented in 16% (73/436) and 13% 
(59/436) of AFI cases. Bacteremia, bacteriuria, and human immunodeficiency virus infections were associated 
with 10%, 6% and 1.6% of the AFI cases occurring among the 436 participants, respectively. Upper respiratory 
tract infections or colonization was found among a selected group of patients with flu-like symptoms. A small 

Patient characteristicsa Frequency (n) Percentage (%)

Study site (436)b

BMC 94 21.6

BHC 86 19.7

NDH 85 19.5

STRRH 70 16.1

SDDH 101 23.2

Age

Mean ± SD 2.5 ± 3.4

< 2 yrs 257 59.0

2–5 yrs 158 36.2

6–11 yrs 21 4.8

Gender

Male 246 56.4

Female 190 43.6

Hospital visit status (436)c

OPD 356 81.7

IPD 80 18.3

Weight for age z score (n = 411)

Normal (≥ -2) 373 90.8

Moderate underweight (-3 to <-2)
Severe underweight (<-3)

32
6

8.0
1.2

Height for age z score (n = 401)

Normal (≥ -2) 381 95.0

Moderate stunting (-3 to <-2) 15 3.74

Severe stunting (<-3) 6 1.25

BMI for age z score (n = 398)

Normal (≥ -2) 376 94.4

Moderate wasting (-3 to <-2) 15 3.8

Severe wasting (<-3) 7 1.8

Vaccination per age

Yes 426 97.7

No 10 23

Table 1.  Demographics and clinical diagnosis for children with acute febrile episodes attending healthcare 
facilities in Mwanza (years 2020–2021). aNumber (n) and percentage (%) of children in each group are 
indicated. bBMC, Bugando Medical Centre; STRRH, Sekou Toure Region Referral Hospital; BHC, Buzuruga 
Health Centre; NDH, Nyamagana District Hospital and SDDH, Sengerema Designated District Hospital. 
cOPD, outpatient visit; IPD, inpatient visit.
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proportion of those patients were infected with arboviruses; dengue virus infections were detected in 7.8% of 
children enrolled in our study reported previously22.

The present study, conducted in children attending five hospitals in a part of the country with a large 
catchment population, complements other studies conducted in Tanzania and Africa4,16,17,20. An approximate 
30% of the cohort had clinical diagnoses; acute gastroenteritis and pneumonia were the leading causes. Acute 
gastroenteritis was more noticeable in children less than 2 years-of-age. The burden of acute gastroenteritis 
and pneumonia, the most preventable causes of AFI particularly in children, is well documented4,20,25,34. Most 
infections in young children are caused by viruses4,17–19. In 77 selected patients with flu-like symptoms whose 
nasopharyngeal passage was swabbed, rhinovirus, bocavirus and adenovirus were commonly identified most 
likely linked to colonization rather than a cause of the Upper respiratory tract infection. Common cold-like 
symptoms, particularly in the case of rhinovirus, have been linked to the exacerbation of asthma and chronic 
obstructive pulmonary disease, severe bronchiolitis and pneumonia in infants and children25,34,35. Accurate 
diagnosis of acute respiratory infections is a major challenge, however, especially using gold standard tools 
that differentiate viral and bacterial etiologies. Viral infections have been linked to the overuse of antibiotics 
in the absence of appropriate diagnostic tests to rule out bacterial infections leading to increased antimicrobial 
resistance in developing countries34–37. Nasopharyngeal swabs were only collected from children presenting 
with fever and respiratory symptoms in the current study. This introduces selection bias and fails to distinguish 

Laboratory testinga Frequency (n) Percentage (%)

Blood counts (n = 436)

Leukopenia 27 6.2

Leukocytosis 100 23

Anemia (n = 416)

Severe 67 16

Moderate 118 28.4

Mild 155 37.3

Normal 96 23

HIV (n = 368) 6 (1.6) 1.6

Blood culture (n = 436) (bacteremia)

Acinetobacter 6

Staphylococcus aureus 6

Klebsiella pneumoniae 5

Othersb 9

Total = 26 6

Urine culture (n = 436)

E. coli 14

Klebsiella pneumoniae 11

Klebsiella oxytoca 2

Acinetobacter 4

Fungus (Candida) 8

Othersc 8

Total = 47 10

Blood

ESBL 0

ESBL and AmpC β-lactamase producer 2

MRSA 6

Urine

ESBL 8

ESBL and AmpC β-lactamase producer 2

MRSA 0

Respiratory infections tested (n = 77)

Nasopharyngeal swab (PCR) 33 43

Dengue serology/ NSI-RDT IgM and IgG (5 + 29) 34 7.8

Other arbovirus infections PCR (N = 436)d 0

Table 2.  Laboratory findings for children with acute febrile episodes attending healthcare facilities in Mwanza 
(years 2020–2021). aNumber (n) and percentage (%) of children in each group are indicated. bOther bacteria: 
S. epidermidis, 2; Enterococcus spp., 4; S. pyogenes, 3. COther bacteria in urine cultures: Enterococcus spp., 3; S. 
pyogenes, 1; S. epidermidis, 4. dArbovirus infections: CHIKV, chikungunya; YFV, yellow fever virus; ZIKV, Zika 
virus, WNV, West Nile virus; RVFV, Rift Valley fever virus; ONN, O’nyong-nyong virus.
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between colonization and infection. Thus, the elevated presence of viruses identified in the upper respiratory 
tract in our study must be interpreted with caution and should not be overestimated as definitive causes of fever 
cases rather than colonization. Other causes of upper respiratory infections such as acute ear infections and 
tonsilitis diagnosed by the clinical symptoms according to WHO are not within the scope of the current study.

Bacteremia was found in ~ 6% of AFI patients, 23% of those patients exhibited an alarming increase in number 
of bacterial isolates that were resistant to commonly used first- and second-line antibiotics. The isolates often 
produced AmpC β-lactamase. The most common pathogens isolated from the blood were A. freundii, S. aureus 
and K. pneumoniae. 8% of the multidrug resistant isolates in our study were obtained from tertiary and regional 
referral hospitals where most of the patients had previously received multiple antibiotics associated with the 
increased occurrence of antibiotic resistance pathogens. Similar findings reported in previous studies conducted 
in Uganda and Tanzania showed a varied patterns of antibiotic resistance dependent upon the healthcare facility 
in which the study was conducted17,38. Elevated resistance (6%) was reported in referral/tertiary hospitals while 
decreased resistance (1.7%) was reported in lower healthcare facilities38,39. Similar findings were reported in 
studies conducted in Ethiopia10. The prevalence of antibiotic resistance exhibited by most pathogens isolated 
in this study poses a major challenge to proper patient management. This is true for both hospital associated 
and community acquired infections. 20% of patients harboring drug resistance organisms came from district 
hospitals as outpatients where continued education of the community about the irrational use of antibiotics, e.g., 
buying without prescriptions and incomplete drug dosing, is advised.

An increase in global temperatures has fostered the development of antimicrobial resistance. Elevated 
temperature facilitates horizontal gene transfer and the exchange of resistance genes such as plasmid-borne 
extended-spectrum β-lactamases, as well as the direct uptake of free genetic material from the environment14,40. 
Higher temperatures also influence the spread of antimicrobial resistance by increasing bacterial growth rates, 
favoring selective pressure, and altering microbial communities and ecosystems13,14.

In 2019, the WHO reported that antimicrobial resistance (AMR) contributes to 4.95 million deaths and is 
directly responsible for 1.27 million deaths globally in that year41. The World Bank estimates that AMR could 
lead to 1 trillion US dollars in added healthcare costs by year 205042. As such, there is a critical need to strengthen 
the ability of healthcare systems to identify and differentiate between bacterial and viral pathogens, and to invest 
in rapid tests to detect infections and in diagnostic algorithms that will ensure appropriate antibiotics treatment. 
Studies conducted in 14 Sub-Saharan African countries reported that only 20% of 12 countries reported 

Fig. 2.  Common illnesses in children who attended five healthcare facilities located in Mwanza, Tanzania.
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strengthening bacterial testing and the capacity for AMR detection according to the National Action plan43. 
Expanding and building the capacity for antimicrobial susceptibility testing by laboratory technicians at the 
district levels in Africa will reduce inappropriate antibiotics use and AMR.

Bacteriuria correlated with illness in a significant number of febrile children; 10.8% of the urine cultures in the 
current study were positive. This is low compared to 22% reported in a previous study that recruited both adults 
and children from the same area39. Participation in the current study depended upon presentation of a high 
temperature at the time of enrollment. The signs and symptoms of urinary tract infections were not screened. 
As such, the findings may indicate symptomatic or asymptotic urinary tract infections in the participants 
whose urine cultures tested positive. Notably, the finding of the current study is higher than other studies that 
reported positive urine cultures that ranged from 1.8 to 5.7% in febrile children under 5 years-of-age17,18. Gram-
negative E. coli followed by K. pneumoniae were the dominant isolates in the present study. Conceivably, factors 
that include the interaction between microbial communities especially in gut and vagina, i.e., the ascending 
fecal-perineal-urethral route, contribute to the predominant occurrence of these organisms38,39. 20% of the 
children who tested positive for bacteriuria had extended-spectrum β-lactamase-producing Enterobacterales 
(ESBL-PE); 5% had AmpC β-lactamase-producing ESBL-PE. Another study conducted in the same area during 
the COVID-19 pandemic reported similar results39. These findings, as well as those related to bacteria in the 
bloodstream above, emphasize the critical need for enhanced surveillance of antimicrobial resistance, improved 
infection prevention measures, and strengthened antimicrobial stewardship programs that include the use of 
antibiogram to guide empirical treatment especially in this vulnerable group of children.

Studies conducted primarily in eastern Tanzania documented several outbreaks of dengue and chikungunya 
virus infections44,45. Others studies, including a recent systematic review and meta-analysis that demonstrated 
the existence of these pathogens in African children46. Another study in Tanzania found the arbovirus vector 
(Aedes aegypti) was abundant in the Dar es Salaam area47. A previous study by us documented the infrequent 
occurrence of dengue virus infections in febrile children; presumptive infections only occurred in 7.8% of 
children with fever22. IgM-positive serology and negative PCR results for dengue virus in the current study 
can be explained by a number of factors including a narrow window for virus detection, RNA instability, low 
virus shedding and rapid virus clearance6,44,45. There were no confirmed cases of other arbovirus infections 
(i.e., yellow fever virus, Zika virus, West Nile virus, Rift Valley fever virus or O’nyong-nyong virus). The low 

Fig. 3.  Common diagnoses of 436 symptomatic children presenting with fever, separated by age group. Key: 
URTI = Upper respiratory tract Infections.
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rate of arbovirus transmission and the probability that sampling did not occur during an outbreak when most 
cases of infection occur probably contributes to this finding43,44. Despite this, screening for arbovirus infections 
and neglected tropical diseases is crucial to improving case detection and management. Currently, there are 
no well-established epidemiological surveillance systems or laboratory diagnostic procedures. This contributes 
to a lack of information concerning the incidence and prevalence of arbovirus infections in children. In all 
probability, increased temperature associated with climate change will result in a net increase in the geographical 

Fig. 4.  Distribution of co-infections among 436 symptomatic children presenting with fever. Key: 
URTI = Upper respiratory tract Infections.
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distribution and a change in the life cycle of vectors, raising the potential for transmission of arbovirus infections 
in non-endemic area13.

Univariate analysis demonstrated that the cohort of patients that had a decreased period of fever duration 
(1–3 days) exhibited twice the odds of having bacteremia. Multivariate analysis, however, failed to support a 
correlation between bacteremia and decreased fever duration independent of other factors. Vomiting children 
were three times more likely to have bacteriuria compared to children without clinical signs of vomiting. Bacterial 
invasion of the urinary tract that triggers an inflammatory response in the vomiting center of the central nerve 
system could be an underlying factor. Co-existing conditions in the study areas may contribute to the lack of 
association between any of the other social demographic factors studied and bacteremia, bacteriuria or microbes 
detected in the upper respiratory tract. Additional studies that elucidate these relationships are warranted.

The study reported here has a number of limitations. First, PCR was only performed on nasopharyngeal swabs 
collected from children exhibiting a fever, cough and flu-like symptoms. Most children harbor respiratory viruses 
making it difficult to differentiate between colonization and infection. This may contribute to an overestimation 
and the elevated prevalence of viruses and bacteria in the upper respiratory tract34. The use of multiplex PCR 
for testing samples derived from the upper respiratory tract remains a challenge in low- and middle-income 
countries. A second limitation of this study is the failure to use PCR and stool culture as approaches to diagnosing 
patients with gastrointestinal infections caused by viral and bacterial pathogens. Conceivably, this results in 
underestimating the contribution of viral gastrointestinal infections to the prevalence of AFI. Third, collection 
of only a single blood sample reduces the possibility of isolating organisms present in bloodstream. Fourth, 
although participants were enrolled from both higher tier (Tertiary and Regional) and lower tier (Districts and 
Health Centre) hospitals, this was only true of the pediatric outpatient clinics and one tertiary pediatric ward. 
Random sampling did not occur throughout the entire Mwanza Region nor outside clinical pediatric settings 
excluding neonatal and surgical clinics. As such, selection bias associated with the facilities chosen undoubtedly 
occurred. Finally, the study lacks a healthy control group for comparison purposes. Despite of these limitations, 
the strength of this study lies in the effort to create better algorithms for selecting the best diagnostic tools to 
identify the pathogens associated with AFI in children who reside in a resource-limited setting.

In the current study, 1.6% of children were newly diagnosed with human immunodeficiency virus infections. 
Early diagnosis is important for the prompt enrollment of these children into care and treatment clinics. This 
demonstrate the importance of point-of-care counseling and testing both the mother and child upon entering 
the healthcare facility.

Laboratory analyses identified a substantial number of potential causative agents indicating their value in 
appropriate patient management. Implementing advanced diagnostic tools is a crucial next step in addressing 
any limitation. Among these tools, real-time PCR is an approach that can improve the accuracy of pathogen 
detection and reduce the time to diagnosis, thus supporting the ability of clinicians to make timely, informed 
decisions that result in better patient outcomes31,47. To overcome the challenges posed by current diagnostic 
approaches, future research should focus on the feasibility and effectiveness of integrating real-time PCR into 
routine practice in selected clinical settings48. Moreover, additional sample types such as stool specimens for the 
determination of gastrointestinal pathogens need to be included in future studies (Fig. 5).

Conclusion & recommendation
The findings presented herein demonstrate the ability to identify the causative agents in approximately 60% of 
children presenting with AFI when the appropriate tests are available together with WHO clinical algorithms. 
Prompt diagnosis and treatment should be tailored according to the diagnostic tools available locally; the 
increased use of supportive diagnostic tools (RDTs, microscopy, radiology, and microbiology laboratory point 
of care polymerase chain reactions) improve the clinical care of children living in Tanzania, as well as throughout 
Sub-Saharan Africa. An increase in multidrug resistant pathogens associated with bacteriuria and bacteremia 
was observed, highlighting the need to strengthen existing infection prevention and control interventions 
to include surveillance in order to ensure the rational use of antimicrobials. The results of this study should 
help inform decision makers and healthcare workers in planning and implementing interventions to improve 
the diagnosis, clinical management and prevention of neglected tropical febrile diseases. To strengthen these 
findings, the use of advanced diagnostic tools and the inclusion of a broader variety of specimen types should 
be explored.
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