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Background.  The etiology and optimal clinical management of acute febrile illness (AFI) is poorly understood.
Methods.  Blood samples taken from study participants with acute fever (≥37.5°C) or a history of fever and recruited into 

the previous Typhoid Fever Surveillance in Africa (TSAP) study were evaluated using a polymerase chain reaction (PCR)-based 
TaqMan-Array Card designed to detect a panel of bacterial, viral, and parasitic pathogens. Clinical metadata were also assessed.

Results.  A total of 615 blood samples available for analysis originated from Burkina Faso (n = 53), Madagascar (n = 364), and 
Sudan (n = 198) and were taken from participants ranging in age from 0–19 years. Through the TaqMan-Array Card, at least 1 path-
ogen was detected in 62% (33 of 53), 24% (86 of 364), and 60% (118 of 198) of specimens from Burkina Faso, Madagascar, and Sudan, 
respectively. The leading identified pathogen overall was Plasmodium spp., accounting for 47% (25 of 53), 2.2% (8 of 364), and 45% 
(90 of 198) of AFI at the respective sites. In Madagascar, dengue virus was the most prevalent pathogen (10.2%). Overall, 69% (357 of 
516) of patients with clinical diagnoses of malaria, respiratory infection, or gastrointestinal infection were prescribed a World Health 
Organization guideline-recommended empiric antibiotic, whereas only 45% (106 of 237) of patients with pathogens detected were 
treated with an antibiotic exerting likely activity.

Conclusions.  A PCR approach for identifying multiple bacterial, viral, and parasitic pathogens in whole blood unveiled a di-
versity of previously undetected pathogens in AFI cases and carries implications for the appropriate management of this common 
syndrome.

Keywords.   febrile illness; Africa/sub-Saharan Africa; whole blood; TaqMan array.

In African and other low- and middle-income countries, up to 80% 
of children who visit a healthcare facility present with an acute fe-
brile illness (AFI) [1–3]. AFI is a broad clinical syndrome, generally 
considered to be caused by an infectious agent and characterized 
by fever with or without accompanying symptoms. AFI-related re-
search is challenging for several reasons. First, there is no conven-
tional case definition for AFI [4], as is available for diarrhea and 
pneumonia, rendering reliable global burden estimates of AFI dif-
ficult [4–6]. AFI studies have used varying definitions of subjective 
and objective fever, including different temperature cutoffs, fever 
duration, and requirements for accompanying clinical indicators in 
diverse patient populations [7]. Second, there are myriad infectious 

agents and noninfectious causes that trigger fever. While AFI cases 
in Africa are often attributed to malaria or viral infections [8–11], 
dozens of bacterial, fungal, and other parasitic causes exist [12]. 
Therefore, for an accurate diagnosis, a wide range of tests must be 
applied. Due to practical and economic constraints, most studies 
focus on a narrow range of suspect pathogens [13].

The Typhoid Fever Surveillance in Africa Program (TSAP) 
was a multisite fever surveillance study conducted prospectively 
in 10 sub-Saharan African countries [2]. The project’s main goal 
was to identify Salmonella Typhi and invasive nontyphoidal 
Salmonella through blood culture. In this study, we investigate 
the presence of pathogens in whole blood specimens collected 
from children and adolescents enrolled in the TSAP study using 
a multiple polymerase chain reaction (PCR) approach with the 
goal of obtaining additional insights into the etiology of AFI.

METHODS

Study Participants

We analyzed venous blood samples collected at the time of en-
rollment into TSAP between 2011 and 2013 for which sufficient 
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volume was still available; samples had been maintained at 
–80°C and were shipped on dry ice for testing in 2018. Samples 
were available from Burkina Faso, Sudan, and Madagascar [1, 
14], and we focused on samples from children and adoles-
cents. Details of the TSAP study have been published previ-
ously [2]. Briefly, recruitment healthcare facilities were public 
institutions providing general medical care to patients of all 
ages. Inclusion criteria were residence in the study area and 
fever [2]. The purpose of TSAP was focused on the detection 
of typhoid fever by blood culture. Clinical examination, clin-
ical diagnoses, other laboratory testing such as malaria smear, 
and management practices were not altered by the study pro-
tocol and reflected local routine practice. Ethical clearance for 
TSAP, which included additional pathogen identification per-
formed through this work, was obtained from committees of 
the International Vaccine Institute in South Korea, the Comité 
d’Ethique pour la Recherche en Santé of the Ministry of Health 
in Burkina Faso, the Comité d’Ethique of the Ministry of Health 
of the Republic of Madagascar, and the National Research 
Ethics Review Committee of the National Ministry of Health in 
Sudan. Additional approval was obtained for this work by the 
University of Virginia Institutional Review Board.

TaqMan Array Card

The PCR-based TaqMan Array Card (TAC) system [15–18] used in 
this analysis was designed to detect AFI-associated viral, bacterial, 
parasitic, and fungal pathogens. The TAC system allows simulta-
neous detection of a wide range of pathogens (see Supplementary 
Table 1). Details and assay specifications of the TAC system are 
described elsewhere [17]. TAC is a 384-well real-time PCR-based 
microfluidic system for simultaneous detection of nucleic acid 
templates. We designed primers and probes for the detection of 50 
pathogens (19 viruses, 25 bacteria, 3 fungi, and 3 parasites) recog-
nized to cause AFI [12]. Primers and probes were used at concentra-
tions of 900 nM and 250 nM, respectively. The assay required 800 μL 
of whole blood from which total nucleic acid was extracted using 
the High Pure Viral Nucleic Acid Large Volume Kit (Roche, Basel, 
Switzerland). Cards were loaded with 75 μL nucleic acid extract and 
25  μL TaqMan Fast Virus 1-Step Master Mix (Life Technologies, 
Thermo Fisher Scientific, Carlsbad, CA). Phocine herpesvirus 1 (106 
copies) and MS2 bacteriophage (107 copies) were added to monitor 
extraction and amplification efficiency. One extraction blank control 
was included for each batch to exclude contamination [19, 20]. No 
template and positive controls were used [19–21]. Cards were run on 
the ViiA7 Real-time PCR System (Life Technologies, Thermo Fisher 
Scientific, Carlsbad, CA) as follows: 1 reverse transcription cycle for 
10 minutes at 50°C, 1 denaturation cycle for 20 seconds at 95°C, and 
40 two-step PCR and data detection cycles of 3 seconds at 95°C and 
30 seconds at 60°C. A sample was considered positive if a reaction 
yielded quantification cycles (Cq) of <35 or Cq<40 if confirmable by 
sequencing (110 positive samples were sequence-confirmed).

Statistical Analyses

Analyses were performed using STATA statistical package 
(StataCorp LLC, version 14, College Station, TX) and SPSS ver-
sion 26. When evaluating hemoglobin values, the site-specific 
altitude was used to adjust the values according to World Health 
Organization (WHO) guidelines [14, 22, 23]. Age- and sex-
stratified z scores for height for age were generated using WHO 
growth standards [24, 25]. Body temperature calculated by ax-
illary measurement only was normalized by adding 0.4°C for 
comparability with tympanic measurements [26]. Odds ratios 
(ORs) and confidence intervals for the presence or absence of 
symptoms were calculated for each individual pathogen with 
binary logistic regression models controlling for age as an or-
dinal covariate and gender and the 3 clinical sites as nominal 
covariates. Two-sided P values <.05 were considered statistically 
significant.

RESULTS

We tested 615 blood samples from individuals who presented 
with AFI; 8.6% (53 of 615) of patients from Burkina Faso, 59.2% 
(364 of 615)  from Madagascar, and 32.2% (198 of 615)  from 
Sudan. Study participants ranged in age from 0 to 19  years. 
Clinical characteristics of the participants are listed in Table 
1. The majority (86%, 531 of 615) were aged between 11 and 
19 years and presented as outpatients with acute fever of ≤3 days 
duration. Overall, 10% (60 of 615) and 7% (41 of 615) of parti-
cipants had moderate or severe stunting, respectively. Common 
symptoms that accompanied fever included headache, 77% (471 
of 615); cough, 39% (238 of 615); sore throat, 35% (216 of 615); 
vomiting, 24% (145 of 615); abdominal pain, 22% (136 of 615); 
and diarrhea, 16% (99 of 615). The leading clinical diagnoses in 
Burkina Faso and Sudan were malaria, 60% (32 of 53) and 63% 
(125 of 198), and respiratory tract infections, 17% (9 of 53) and 
20% (39 of 198), respectively. In Madagascar, the most frequent 
clinical diagnosis was respiratory tract infection, 64% (234 of 
364), followed by gastrointestinal infection, 15% (54 of 364). 
A wide range of antibiotics were prescribed (Table 1).

We assessed the subset of individuals tested in this project 
against those published in the TSAP study. Participants of our 
subset were, in comparison, older, had a lower temperature, and 
had less anemia than the others in the TSAP (Supplementary 
Table 2 for full details).

Overall, the TAC system identified at least 1 pathogen in 39% 
(237 of 615) of the specimens evaluated (Table 2). In total, 22 patho-
gens were found, including 14 bacterial species, 4 viruses, 2 fungi, 
and 2 parasites. The most frequent pathogen with 20% (123 of 
615) identified overall was Plasmodium (47%, 25 of 53 in Burkina 
Faso; 2.2%, 8 of 364 in Madagascar; and 45%, 90 of 198 in Sudan). 
Further species-specific assays showed that 92% were P.  falcip-
arum, 2% were mixed infections, and 6% were unspeciated. At the 
Madagascar sites, dengue virus was recovered from 10.2% (37 of 
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Table 1.  Baseline Clinical Characteristics of Study Participants Included in the Analysis Overall and by Site

Characteristic
Burkina Faso 

(n = 53)
Madagascar 

(n = 364)
Sudan  

(n = 198)
Overalla  
(n = 615)

 n % n % n % n %

Age, years         

  1–10 29 (55) 24 (7) 31 (16) 84  (14)

  11–19 24 (45) 340 (93) 167 (84) 531 (86)

  Median (range) 9 (1–19) 15 (1–19) 13 (2–19) 14 (1–19)

Gender

  Male 23 (43) 137 (41) 91 (48) 251 (43)

  Female 30 (57) 200 (59) 98 (52) 328 (57)

Body temperature, °C 

  ≤39.0 46 (87) 350 (96) 113 (59) 509 (84)

  >39.0 7 (13) 14 (4) 77 (41) 98 (16)

  Median (range) 39.0 (38.0–41.4) 38.4 (37.0–40.5) 39.0 (38.0–40.6) 38.4 (37.0–41.4)

Fever duration, days 

  ≤3 47 (89) 318 (87) 183 (95) 548 (90)

  >3 6 (11) 46 (13) 9 (5) 61 (10)

Body mass index for age, z score 

  Above –2 38 (72) 252 (75) 155 (99) 445 (82)

  –2 to –3 (moderate) 5 (9) 53 (16) 2 (1) 60 (11)

  Below –3 (severe) 10 (19) 31 (9) 0 (0) 41 (7)

Hemoglobinb

  Normal 19 (41) 90 (60) 70 (49) 179 (53)

  Mild anemia 12 (26) 14 (9) 40 (28) 66 (19)

  Moderate anemia 15 (33) 7 (5) 31 (22) 53 (16)

  Severe anemia 0 (0) 39 (26) 2 (1) 41 (12)

Clinical signsc

  Abdominal pain 8 (15) 58 (16) 70 (35) 136 (22)

  Cough 13 (25) 148 (41) 77 (38) 238 (39)

  Diarrhea 9 (17) 71 (20) 19 (19) 99 (16)

  Headache 29 (55) 277 (76) 165 (83) 471 (77)

  Rash 0 (0) 12 (3) 5 (3) 17 (3)

  Sore throat 0 (0) 133 (37) 83 (42) 216 (35)

  Vomiting 17 (32) 58 (16) 70 (19) 145 (24)

  None of the above 7 (13) 20 (5) 7 (4) 34 (6)

Primary clinical diagnosis

  Respiratory tract infection 9 (17) 234 (64) 39 (20) 282 (46)

  Urinary tract infection 0 (0) 4 (1) 2 (1) 6 (1)

  Gastrointestinal tract infection 5 (9) 54 (15) 7 (4) 66 (11)

  Malaria 32 (60) 11 (3) 125 (63) 168 (27)

  Other infections 5 (9) 33 (9) 10 (5) 48 (8)

  Otherd 2 (4) 28 (8) 15 (8) 45 (7)

Antibiotic treatment at dischargec

  Ampicillin 0 (0) 71 (20) 26 (13) 97 (16)

  Amoxicillin 5 (9) 123 (34) 37 (19) 165 (27)

  Ceftriaxone 4 (8) 3 (1) 1 (0.5) 8 (1)

  Chloramphenicol 0 (0) 34 (9) 1 (0.5) 35 (6)

  Ciprofloxacin 5 (9) 21 (6) 5 (3) 31 (5)

  Gentamicin 2 (4) 112 (31) 3 (2) 117 (19)

  Macrolides 0 (0) 2 (1) 16 (8) 18 (3)

  Tetracyclines 0 (0) 10 (3) 0 (0) 10 (2)

  Trimethoprim/Sulfamethoxazole 17 (32) 25 (7) 1 (0.5) 43 (7)

  Antimalarial 9 (17) 10 (3) 114 (58) 133 (22)
a In case of missing data, not all data points sum to 615.
b Adjusted for participant age and altitude.
c Patients can have multiple clinical signs and have multiple antibiotic treatments.
d Included trauma, allergy, asthma, insect bite, and rheumatism.
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364)  of samples, followed by cytomegalovirus (CMV) with 5.5% 
(20 of 364), Bartonella with 2.5% (9 of 364), and Plasmodium spp. 
with 2.2% (8 of 364). At the Sudanese site, at least 1 pathogen was 
identified in 60% (118 of 198) of samples; these included dengue 
virus, Candida spp., Coxiella burnetii, Escherichia coli, Klebsiella 
pneumoniae, Aeromonas spp., and Staphylococcus aureus (Table 
2). There was 1 case of Rickettsia spp. and 1 case of Mycobacterium 
tuberculosis. At the Burkina Faso site, leading identified pathogens 
included Plasmodium in 47% (25 of 53), CMV in 15% (8 of 53), 
dengue virus in 11% (6 of 53), and E.  coli in 4% (2 of 53). Four 
Bartonella-positive samples from Madagascar were able to be fur-
ther speciated by sequencing to be Bartonella quintana. At all sites, 
Schistosoma mansoni was found.

Multiple pathogens were identified in 51 samples (22% of posi-
tive samples). Two pathogens were found in 16% (38 of 237) of spe-
cimens, 3 pathogens in 5% (12 of 237), and 5 pathogens in 1 patient, 
0.4% (1 of 237). Plasmodium falciparum was the most common 
coinfecting pathogen (36 of 51 coinfections), followed by dengue 
virus (19 of 51 coinfections) and CMV (15 of 51 coinfections). 
Malaria smears were reported positive in 98 specimens, among 
which TAC detected Plasmodium in 70% (69 of 98). Plasmodium 

quantitative PCR quantities were higher in these smear-positive 
(Cq = 19.4 ± 4.1) vs smear-negative detections (Cq = 22.0 ± 5.2, 
n = 54, P < .050). The quantities of pathogens were not appreciably 
different between countries (Figure 1).

Correlation Between Clinical Features and Pathogens Identified

We sought to determine how the clinical presentation and man-
agement of patients correlated with the pathogens that were iden-
tified. The respective associations are shown in Table 3. While data 
for many pathogens were sparse, we noted the following: Candida 
spp. was associated with abdominal pain (adjusted OR [aOR], 4.3; 
P = .03) and constipation (aOR, 7.1; P = .03). Klebsiella pneumoniae 
was positively associated with cough (aOR, 12.1; P = .02), while 
Plasmodium spp. was negatively associated with cough (aOR, 0.6; 
P = .04; Table 3). Dengue was associated with the absence of local-
ized symptoms (aOR, 3.15; P = .02).

We then examined the clinical diagnoses and their relationships to 
the pathogens, the only significant association was between clinical 
malaria and the detection of Plasmodium spp. Specifically, 52% (87 
of 168) of clinical malaria diagnoses had Plasmodium spp. detected, 
whereas among other clinical diagnoses, only in 8% (36 of 447) was 

Table 2.  Pathogens Detected in Whole Blood EDTA Samples Using TaqMan Array Card During Acute Febrile Illness Among Study Participants from 
Burkina Faso, Madagascar, and Sudan

Burkina Faso, 53 AFI Cases Madagascar, 364 AFI Cases Sudan, 198 AFI Cases

Bacteria Crude Cases (%) Crude Cases (%) Crude Cases (%)

  Acinetobacter baumannii nd nd 2 (1.0)

  Aeromonas spp. nd 1 (0.3) 3 (1.5)

  Bartonella spp. 1 (2) 9 (2.5) nd

   Coxiella burnetii nd 5 (1.4) 4 (2.0)

  Escherichia coli 2 (4) 5 (1.4) 9 (4.5)

   Klebsiella oxytoca nd 1 (0.3) 1 (0.5)

   Klebsiella pneumoniae 1 (2) 1 (0.3) 6 (3.0)

   Mycobacterium tuberculosis nd nd 1 (0.5)

  Neisseria meningitidis 1 (2) nd nd

  Pseudomonas aeruginosa nd 1 (0.3) nd

  Rickettsia spp. 1 (2) nd 1 (0.5)

   Staphylococcus aureus nd 2 (0.5) 4 (2.0)

  Streptococcus pneumoniae nd 1 (0.3) 3 (1.5)

  Salmonella nd 2 (0.5) nd

Viruses

  Dengue 6 (11) 37 (10.2) 14 (7.1)

  Enterovirus nd 2 (0.5) nd

  Rift Valley fever nd 1 (0.3) nd

  Cytomegalovirus 8 (15) 20 (5.5) 6 (3.0)

Fungi

  Candida spp. nd 5 (1.4) 6 (3.0)

  Histoplasma spp. nd nd 1 (0.5)

Parasites

  Plasmodium spp. 25 (47) 8 (2.2) 90 (45)

  Schistosoma spp. 1 (2) 4 (1.1) 3 (1.5)

Samples with pathogen founda 33 (62) 86 (24) 118 (60)

Samples with no pathogen found 20 (38) 278 (76) 80 (40)

Abbreviations: AFI, acute febrile illness; nd, not detected.
a Samples could have multiple coinfections detected.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/73/8/1338/6209402 by U

niversity of Basel user on 13 January 2022



1342  •  cid  2021:73  (15 October)  •  Marks et al

Plasmodium spp. identified (aOR, 2.73; P < .01). Furthermore, the 
Plasmodium spp. quantity was greater when malaria was the pri-
mary clinical diagnosis (Cq = 19.9 ± 4.1 vs 22.22 ± 5.9 when de-
tected among other primary clinical diagnoses; P = .03).

We retrospectively determined whether the antibiotics pre-
scribed empirically were in line with the guidelines for the 

particular clinical diagnosis or for the pathogen detected. 
Overall, in 69% (357 of 516) of patients with a primary clinical 
diagnosis of malaria, respiratory tract infection, or gastroin-
testinal infection, an antibiotic aligned with WHO guidance 
was prescribed [27]. By contrast, 45% (106 of 237) of the par-
ticipants were prescribed antibiotics that, given the benefit 
of hindsight, were inappropriate with regard to the specific 
pathogen(s) detected (see Supplementary Table 3 for a list of 
pathogens and active therapies). The likelihood of prescribing 
an appropriate antibiotic for a pathogen increased if a recom-
mended antibiotic for the clinical diagnosis was prescribed 
(55% vs 24% if a recommended antibiotic was not prescribed 
for the clinical diagnosis; aOR, 3.2; 95% CI 1.8–5.9; P < .01); 
however, both of these rates were quite low. We also assessed 
malaria. From the 168 clinically diagnosed malaria cases, 123 
were confirmed to harbor Plasmodium spp. parasites; 61% of 
them (75 of 123)  received an artemisinin-based or quinine 
therapy, as is appropriate.

DISCUSSION

This study provides an important epidemiologic characteriza-
tion of AFI in 3 sub-Saharan African countries to complement 

Figure 1.  Quantities of pathogens detected in blood using the TaqMan Array Card. Quantification cycle (Cq) values, an inverse metric of pathogen load, are shown on the 
y- axis for the different pathogens detected. In this study, the Cq values of most bacterial, fungal, and viral targets ranged from 30 to 40, with a few exceptions of early Cq 
values such as Bartonella spp., Klebsiella oxytoca, and Enterovirus spp. Therefore, most of these samples had low pathogen loads. Alternatively, low Cq-values could have 
resulted from sample degradation, in particular, for viral pathogens with RNA genomes, as the whole blood samples used for this retrospective testing had been stored for 
several years. The Cq-values of Plasmodium spp., on the other hand, showed a much wider dynamic range. Abbreviation: CMV, cytomegalovirus. 

Table 3.  Association of Clinical Features of Overall Study Participants 
With Specific Pathogens Detected Using TaqMan Array Card

Pathogen Symptom
Adjusted 

Odds Ratioa
95% Confidence  

Interval
P 

Value

Candida spp. Abdominal pain 4.3 1.1–16 .03

Candida spp. Constipation 7.1 1.3–40 .03

Cytomegalovirus Diarrhea 2.1 .9–4.8 .08

Dengue Cough 0.5 .3–1.0 .06

Dengue No symptom 3.2 1.2–8.6 .02

Escherichia coli Cough 2.6 .9–7.4 .08

Klebsiella 
pneumoniae

Cough 12.1 1.5–101 .02

Plasmodium Cough 0.6 .35–.98 .04

aAll patient symptoms (8 total), as shown in Table 1, were analyzed for associations with 
all pathogens with more than 8 detections (9 total) and when no pathogen was detected. 
Odds ratios (ORs) were adjusted for age as an ordinal covariate, gender, and the 3 clinical 
sites as nominal covariates. In the interest of space, only ORs with a P value of <.10 are 
shown.
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previous work [13, 28, 29]. The study involved predominantly 
outpatient children and adolescents from sites in Burkina Faso, 
Madagascar, and Sudan. While blood cultures revealed less than 
1% positivity rate in these samples, our TAC approach identi-
fied 22 pathogens in 38.5% (237 of 615) of specimens, including 
bacteria in 9%. These molecular detection rates probably still 
underestimate the true extent of infections because of the small 
quantity of blood available [18].

Findings from the Sudanese site contrasted with results from 
the original TSAP study, whereby a pathogen could be detected 
by blood culture in only 2% (16 of 644)  [1]. One hypothesis 
was that the extremely hot climate compromised blood culture 
performance by diminishing bacterial growth [30]. Our pre-
sent molecular data, by contrast, indicated the presence of sev-
eral bacterial pathogens in 17.2% (34 of 198), including E. coli, 
K. pneumoniae, S. aureus, Aeromonas, and Coxiella. In Burkina 
Faso and Sudan, Plasmodium was the prevailing pathogen, fol-
lowed by dengue virus and Candida. An important finding was 
substantial dengue prevalence at all 3 sites, even though dengue 
is understudied in Madagascar, with only 1 report from 2006 
[31]. Future data are needed for decision-making on various 
control measures, including application of dengue vaccines. 
Another finding of public health importance was the detec-
tion of the Rift Valley fever virus and a meningococcal case 
that occurred after the meningococcal A  vaccine was intro-
duced in Burkina Faso. The relative frequency of severe anemia 
in Madagascar constitutes an important finding for further 
investigation, particularly given the absence of malaria in the 
highlands.

There were several limitations to this study. First, we could 
not assess disease outcomes, so we could not determine the 
benefit of particular clinical diagnoses or specific therapies. We 
noted a wide range of antibiotics prescribed. Sometimes these 
choices were not in line with WHO recommendations for the 
respective disease. This practice of antibiotic treatment that is 
not in line with recognized guidelines is common and exists in 
all countries, rich and poor [32, 33]. The reasons for the clin-
ical diagnosis-recommended therapy mismatches in this study 
were not probed as it was not the subject of this study, and the 
prescribed choices may be acceptable. Our purpose in assessing 
clinical diagnosis–therapy alignment was to compare it to 
pathogen diagnosis–therapy alignment. We found clinical di-
agnosis–therapy mismatches in 31%, while pathogen diagnosis-
appropriate therapy mismatches were seen in 55%, which is 
considerably higher. We do not overinterpret these numbers 
given that the clinical diagnosis and treatment data were col-
lected observationally under routine conditions; it merely sug-
gests substantial room to improve pathogen-specific diagnosis 
and therapy.

There were examples of both inactive antibiotics (eg, 
undertreatment of common bacterial pathogens such as E. coli, 
K. pneumoniae, and S. aureus) and unnecessary antibiotics (eg, 

antimalarial treatment when no Plasmodium was detected by 
PCR). For instance, of 40 cases of dengue monoinfection, 88% 
received antibiotics. Whether improved pathogen-specific diag-
nosis and management can improve outcomes is an important 
area for future investigation.

A second limitation was that there were no blood specimens 
from clinically healthy patients to serve as controls. This is par-
ticularly an issue for Plasmodium spp., as asymptomatic parasit-
emia without disease may occur frequently. A quantitative case 
definition of a few thousand parasites per microliter has been 
used frequently to enhance clinical specificity [34–36], which 
corresponds to a Cq-value of approximately 21 with these as-
says. Our finding that clinical malaria cases and smear-positive 
cases had higher quantities of Plasmodium parasites fits this 
notion. Applying this cutoff, the prevalence of Plasmodium in 
these 3 countries would drop to 32%, 1%, and 30% for the 3 
sites. How frequently asymptomatic nucleic acid detection in 
blood occurs for other pathogens is less clear. Certainly, CMV 
detection is often not sufficient evidence for clinical disease. 
Beyond Plasmodium and CMV, PCR is a gold-standard clin-
ical diagnostic for most of the pathogens in this study, such as 
dengue virus, Bartonella, Coxiella, and Rickettsia [37–39]. For 
culturable bacterial pathogens, the performance of direct PCR 
on blood vs blood culture has shown a substantial rate of blood 
culture–negative/PCR-positive assays [40], as was the case in 
this study. We believe this reflects stochastic detection of the 
inherently low quantity of pathogens in blood, and we speculate 
that either culture or PCR-positive results may be meaningful, 
having demonstrated this in septic patients with blood culture–
negative/PCR-positive specimens in Uganda [18]. Therefore, we 
surmise that in this clinical setting, most nucleic acid detections 
in cases of AFI should be considered important unless proven 
otherwise. That said, we recognize that results from larger PCR 
studies with control blood specimens constitute an important 
gap in our knowledge.

A third limitation was that we could only test specimens 
in small amounts of residual blood conserved from the un-
derlying TSAP study. This skewed the population age to 
older children compared with the parent study. It also could 
have enriched for less sick individuals. However, in general, 
these were outpatient individuals and thus not severely ill. 
Nonetheless, our findings are likely most generalizable to the 
adolescent population. Finally, since malaria smears were 
performed under routine conditions and not under a re-
search protocol, we expect this explains some of the malaria 
smear–PCR mismatch.

The optimal clinical management of AFI is uncertain. WHO 
guidelines recommend assessing fever for malaria with rapid 
antigen or smear testing, with empiric treatment if positive. 
If there are respiratory symptoms, antibiotics for pneumonia 
should be considered. If bloody diarrhea exists, antibiotic treat-
ment to cover Shigella and Campylobacter should be pursued. 
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Of course clinical judgment is complex and does not always 
align with guidelines [41]. For all of these reasons, data on 
the optimal management of AFI, particularly in sub-Saharan 
Africa, is limited and needs further consideration.

CONCLUSIONS

In summary, this TAC study leveraged systematic AFI surveil-
lance to provide a granular picture of prevailing pathogens. This 
work showed a substantial pathogen diversity missed by blood 
culture and should be considered when conducting future as-
sessments of disease burden. The impact of these molecular de-
tections and implications on management require further study.
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