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Abstract

Acute febrile illness (AFI) is a common reason for healthcare seeking and hospitalization in
Sub-Saharan Africa and is often presumed to be malaria. However, a broad range of patho-
gens cause fever, and more comprehensive data on AFI etiology can improve clinical man-
agement, prevent unnecessary prescriptions, and guide public health interventions. We
conducted surveillance for AFI (temperature >38.0°C <14 days duration) among hospital-
ized patients of all ages at four sites in Kenya (Nairobi, Mombasa, Kakamega, and Kakuma).
For cases of undifferentiated fever (UF), defined as AFI without diarrhea (>3 loose stools in
24 hours) or lower respiratory tract symptoms (cough/difficulty breathing plus oxygen satu-
ration <90% or [in children <5 years] chest indrawing), we tested venous blood with real-
time PCR-based TagMan array cards (TAC) for 17 viral, 8 bacterial, and 3 protozoal fever-
causing pathogens. From June 2017 to March 2019, we enrolled 3,232 AFI cases; 2,529
(78.2%) were aged <5 years. Among 3,021 with outcome data, 131 (4.3%) cases died while
in hospital, including 106/2,369 (4.5%) among those <5 years. Among 1,735 (53.7%) UF
cases, blood was collected from 1,340 (77.2%) of which 1,314 (98.1%) were tested by TAC;
715 (54.4%) had no pathogens detected, including 147/196 (75.0%) of those aged <12
months. The most common pathogen detected was Plasmodium, as a single pathogen in
471 (35.8%) cases and in combination with other pathogens in 38 (2.9%). HIV was detected
in 51 (3.8%) UF cases tested by TAC and was most common in adults (25/236 [10.6%] ages
18-49, 4/40 [10.0%] ages >50 years). Chikungunya virus was found in 30 (2.3%) UF cases,
detected only in the Mombasa site. Malaria prevention and control efforts are critical for
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reducing the burden of AFI, and improved diagnostic testing is needed to provide better
insight into non-malarial causes of fever. The high case fatality of AFI underscores the need
to optimize diagnosis and appropriate management of AFI to the local epidemiology.

Introduction

Acute febrile illness (AFI) is a common reason for healthcare seeking and hospitalization in
Sub-Saharan Africa, with more than 16 million hospital admissions for severe febrile illness
estimated per year in the region [1, 2]. Fever is often an early presenting sign of the leading
infectious causes of morbidity and mortality in Sub-Saharan Africa, including, pneumonia,
diarrheal diseases, malaria, HIV/AIDS, and tuberculosis [3]. Fever is also a prominent clinical
feature of several outbreak-prone diseases, including arboviruses (e.g. dengue and chikungu-
nya), viral hemorrhagic fevers (e.g. Rift Valley fever, Ebola, Marburg, and Lassa), typhoid
fever, and respiratory viruses (e.g., influenza, respiratory syncytial virus, and coronaviruses).

Despite this high burden, the etiology of most AFI cases in Sub-Saharan Africa remains
unknown [4, 5]. Suboptimal diagnostic capabilities at health facilities limits the range of patho-
gens that can be examined. Within malaria-endemic regions of Africa, fever is generally pre-
sumed to be indicative of malaria, and testing for other pathogens is frequently unavailable or
often not performed [6]. One main limitation of studies of AFI has been that they often focus
on a single pathogen or a specific age group, providing a narrow insight into AFI epidemiology
[7]; additionally, pathogen distribution and associated burden is highly heterogeneous, limit-
ing the generalizability of study results. Also, many studies were conducted for short time peri-
ods and may have failed to detect pathogens that have seasonal patterns.

Recent comprehensive studies of the burden and etiology of pneumonia [8] and diarrhea
[9] in children provided important insight into the causes of those clinical syndromes in
resource-poor settings. However, AFI as a clinical syndrome is less well understood, particu-
larly fever in the absence of pneumonia or diarrhea. Understanding the causes of AFI in sub-
Saharan African countries can strengthen clinical management, improve rational use of antibi-
otics, and guide the development of interventions and policy decisions for the prevention and
control of AFI, and help understand the background risk of outbreak-prone pathogens.

We conducted surveillance for AFI among hospitalized patients of all ages in four ecolog-
ically distinct sites across Kenya to describe the clinical characteristics and etiology of patients
hospitalized with fever and tested a subset of cases for a wide array of pathogens to better
understand AFI etiologies in these contexts.

Methods

AFI surveillance was conducted at 4 hospitals located in Nairobi, Mombasa, Kakamega, and
Kakuma (S1 Fig). Kenyatta National Hospital is the largest tertiary national teaching and refer-
ral hospital in Kenya, with a capacity of 2000 beds. Situated in Nairobi, with a warm and tem-
perate climate at 1600m altitude with little malaria or arboviruses, Kenyatta National Hospital
offers emergency and inpatient services for patients referred from secondary and tertiary
healthcare facilities in Nairobi and across the country. Coast General Teaching and Referral
Hospital is a 700-bed facility located in Mombasa, the second largest city in Kenya, and in a
setting with a tropical wet and dry climate. The facility serves both urban and rural populations
from the coastal region of Kenya, a region affected by mosquito-borne viral diseases [10, 11]
and with an intermediate burden of malaria [12]. The 500-bed Kakamega County Referral
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Hospital is located in a predominantly rural, high malaria burden [12] western region of
Kenya that experiences rainfall throughout the year. Ammusait General Hospital is a 200-bed
facility located within the Kakuma refugee camp in Turkana County, an arid area of northwest
Kenya. The facility is run by the International Rescue Commission (IRC) and mainly serves
more than 190,000 persons displaced from more than 10 countries (predominantly from
South Sudan and Somalia) [13] and the surrounding host communities who are pastoralists.
The region has a high incidence of malnutrition among children [14], and outbreaks of
malaria [15] and cholera [16] have occurred in the refugee population. The estimated county-
level seroprevalence of HIV among adults aged 15-49 years in 2018 for the four surveillance
sites was: 3.3% in Nairobi, 5.1% in Mombasa, 3.1% in Kakamega, and 7.1% in Turkana
(Kakuma site) [17]. Implementation of the surveillance began in the Nairobi site on June 2,
2017, followed by Kakuma on August 22, 2017, and Mombasa and Kakamega on January 2,
2018. This analysis included data on patients enrolled at all sites through March 31, 2019.

At each site, trained surveillance officers reviewed admissions logs daily for pediatric and
adult medical wards. All new admissions were screened for eligibility based on information in
the medical record. Those eligible were approached for consenting and enrolment into the
study. We enrolled all patients who met the AFI case definition: patients with a temperature
>38.0°C on admission, onset <14 days prior to presenting at the facility. Patients who were
readmitted to the hospital within 14 days of having been previously enrolled and those primar-
ily seeking care for injury or trauma (even if fever was present) were excluded. Among enrolled
AFI cases, we identified those presenting with undifferentiated fever (UF), defined as AFI
without diarrhea (>3 loose stools in 24 hours) or lower respiratory tract infection (cough or
difficulty breathing plus oxygen saturation <90% or [in children <5 years] indrawing).

Trained surveillance officers interviewed newly admitted patients (or parents/guardians of
minors) using a standardized questionnaire to gather demographic, socioeconomic, clinical,
and risk factor data, followed by a physical examination. After enrolled patients were dis-
charged from the facility, medical charts were reviewed and data on clinical course, manage-
ment, and outcome were abstracted. Blood was collected via venipuncture only from UF cases
to test for potential AFI etiologies. The volume of blood drawn varied by age group and
whether blood culture was performed.

All sites except Mombasa collected blood for culture. For blood culture, 1-3 mLs of whole
blood for cases aged <10 years and 8-10 mLs for cases aged >10 years were inoculated into a
commercially produced broth bottle (Peds Plus™/F BACTEC"™ Plus and Aerobic/F culture
vials, respectively, Becton Dickinson, Belgium). Inoculated blood culture bottles were incu-
bated in a continuously monitored BACTEC instrument at 35°C for up to 5 days. In Nairobi,
blood culture was performed at a local Kenya Medical Research- Centre for Global Health
Research (KEMRI-CGHR) laboratory supported by the U.S. Centers for Disease Control and
Prevention (CDC) that was located ~8.5 km from Kenyatta National Hospital). In Kakuma,
culture was performed in the Ammusait General Hospital laboratory. In Kakamega, inoculated
bottles were incubated on site and transported to a CDC-supported KEMRI-CGHR laboratory
in Kisumu (~43 km from the Kakamega site) only if there was evidence of growth indicated by
BACTEC alarm. Samples from bottles with evidence of growth were Gram strained, plated on
blood agar plate, chocolate agar plate, and MacConkey plates, and incubated aerobically and
anaerobically at 37°C for 24 hours. Identification was carried out through colony morphology,
Gram stain and biochemical tests.

Whole blood was collected in EDTA tubes and stored at -20°C at each surveillance facility
for up to 7 days before being shipped for storage and testing at the KEMRI-CGHR laboratory
in Nairobi. Whole blood was tested with a real-time PCR-based Taqgman Array Card (TAC)
designed for AFI surveillance that included 17 viral targets (chikungunya, Crimean-Congo
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hemorrhagic fever, dengue [serotypes 1-4], Bundibugyo ebolavirus, Sudan ebolavirus, hepati-
tis E, Lassa, Marburg, Rift Valley fever, Nipah, West Nile, O’nyong-nyong, yellow fever, Zika,
HIV I and II), 8 bacterial targets (Brucella spp., Bartonella spp., Coxiella burnetii, Leptospira
spp., Rickettsia spp., Salmonella enterica, Salmonella enterica serovar Typhi, Yersinia pestis)
and 3 protozoal targets (Plasmodium spp., Leishmania spp., Trypanosoma brucei) (S2 Fig).
Methods for TAC testing have been previously described [18]. Briefly, nucleic acid was
extracted from 2ml of whole blood (1 ml for children aged <5 years) using High Pure Extrac-
tion kit (Roche) and purified following established procedures. Approximately 46ul of purified
nucleic acid was mixed with AgPath one step RT-PCR reagents (Thermo Fisher) and added to
inlet portal of the TAC following manufacturer’s instructions. The cards were run on Viia7
real time PCR system (ABI technologies) using cycling conditions of 10 minutes at 50°C, 20
seconds at 45°C, 10 minutes at 95°C followed by 45 two-step cycles of 15 seconds at 95°C and
1 minute at 60°C. The sample was designated positive when sample well reactions yielded
amplification of Cycle Threshold (Ct) <37.

All analyses were done using STATA 12 (Stata Corporation, College Station, TX, USA) or
SAS 9.4 (SAS, Cary, NC, USA). We summarized AFI and UF case demographic, socio-eco-
nomic, clinical characteristics and outcomes using counts, proportions and charts for categori-
cal variables and used means, median and interquartile range (IQR) for continuous variables.
The frequencies of pathogens were presented as proportions and charts were generated by age
group and by site.

This study was reviewed and approved by the Kenya Medical Research Institute’s Scientific
and Ethical Review Unit (number SSC 2980), the Institutional Review Board for US Centers
for Disease Control and Prevention (protocol number 6757), site-specific ethical review boards
at Kenyatta National Hospital and Coast General Teaching and Referral Hospital, and Wash-
ington State University Institutional Review Board (approval provided on basis of reliance on
in-country ethical reviews). Administrative approval was provided by the Kenya Ministry of
Health. Written informed consent was obtained from all participants. For children aged <7
years, parental consent was provided by the parent or guardian while for children aged 7-17
years, parental consent and additional written assent from the child was obtained.

Results

From June 2, 2017 through March 31, 2019, 5,152 eligible AFI cases were identified at all four
sites, of whom 3,232 (62.7%) were enrolled (Fig 1), including 951 in Kakuma, 396 in Kaka-
mega, 1,140 in Nairobi, and 745 in Mombasa (Table 1). Among 1,920 (37.3%) not enrolled,
the most common reasons for nonenrolment were declined participation (42.7%) and inability
of the surveillance staff to locate the eligible patient (e.g., patient was already discharged or
transferred) (37.7%). Among enrolled AFI cases, 1,735 (53.7%) met UF criteria; of those, 1,340
(77.2%) had blood collected. Across all sites enrolled participants were predominantly chil-
dren; 2,529 (78.2%) AFI cases and 1,139 (65.6%) UF cases were aged <5 years (Table 1). Over-
all, 1,774 (54.9%) AFI cases and 931 (53.7%) UF cases were male.

Overall, the symptoms most frequently reported by AFI cases in addition to fever were
cough (57.0%), vomiting (37.9%) and diarrhea (39.9%) (Table 1). Among UF cases, the most
common symptoms reported were headache (47.7%), cough (47.6%) and lack of appetite
(41.4%). On physical examination, the most frequent findings noted for AFI cases were leth-
argy (38.3%), tachypnea (31.0%) and rales/crackles (27.5%); the same three findings were most
common among UF cases. The most common discharge diagnoses recorded for AFI cases
were pneumonia (36.6%), malaria (21.2%) and gastroenteritis (19.7%); among UF cases
malaria diagnosis was most common (31.5%), followed by pneumonia (23.4%) (S1 Table).
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5152 eligible AFI cases identified

A

3232 (62.7%) enrolled 1920 (37.3%) not enrolled

= 819 (42.7%) declined

v

1735 (53.7%) UF cases

I

1340 (77.2%) blood
sample collected

A4

¢ = 723 (37.7%) unable to locate/
discharged before
enrollment/transferred

= 131 (6.8%) missing reason for non-

= 787 (52.6%) diarrhea” enrollment

» 469 (31.3%) LRTI" = 97 (5.0%) unable to obtain consent

= 241 (16.1%) diarrhea and LRTI (e.g., language barrier, no
guardian)

=  63(3.3%) Enrolled in another
study

= 43 (2.2%) other reason for non-
enroliment

1497 (46.3%) non-UF AFI cases

1314 (98.1%)
TAC testing

776 (57.9%)
blood culture?

= 26(1.4%) tooill to enroll (e.g.,
severe anemia)
= 18 (<1%) died before enroliment

Fig 1. Eligibility and enrollment of acute febrile illness (AFI) and undifferentiated fever (UF) cases, at four hospitals in Kenya, June 2017-March 2019. *Diarrhea
defined as >3 loose stools in 24-hour period. + LRTI = lower respiratory tract infection, defined as cough or difficulty breathing plus tachypnea (and/or chest-wall
indrawing among patients aged <5 years).  Blood culture performed at 3 of 4 sites.

https://doi.org/10.1371/journal.pone.0305700.9001

Among 3,021 AFI cases with outcome data, 131 (4.3%) died while in the hospital. The in-hos-
pital case fatality was 4.5% (106/2369) among AFI cases aged <5 years and 3.8% (25/652)
among cases aged >5 years. By site, all-age AFI case fatality ranged from 1.7% in Kakuma to
7.3% in Nairobi.

The most commonly reported chronic medical condition overall was malnutrition (8.7%;
by site ranging from 5.1% in Kakuma to 13.0% in Nairobi). The frequency of self-reported
immunodeficiency, including HIV, was 2.6% overall and by site ranged from 1.1% in Kakuma
to 3.8% in Nairobi. Hospitalization in the prior 12 months was reported by 19.3% of cases aged
<5 years and 5.2% of cases aged >5 years. Antibiotic use in the seven days before admission
was reported by 19.6% of participants overall, including 5.7% of those enrolled in Kakuma and
23.0-29.3% of those enrolled at the other three sites.

The household characteristics of AFI cases varied across sites (Table 1). For example, the
main water source for the household was piped water in Kakuma (94.0%), Nairobi (77.1%)
and Mombasa (72.2%), while in Kakamega it was a river or spring (43.4%). The main type of
toilet/sanitary facility was pit latrine in Kakuma (91.7%) and Kakamega (90.4%) and was flush
toilet in Nairobi (60.5%) and Mombasa (60.5%). The use of firewood as the main cooking fuel
was relatively infrequent in Nairobi (4.5%) and Mombasa (4.7%) but was most common in
Kakuma (80.8%) and Kakamega (50.0%). The most common animal the participants reported
contact with in the prior two weeks was with poultry in Kakuma (7.9%), Kakamega (39.6%)
and with cats in Mombasa (9.3%) and Nairobi (6.6%). The proportion of cases that reported
sleeping under a mosquito net regularly ranged from 63.8% in Nairobi to 91.1% in Mombasa.
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Table 1. Demographic, clinical, and household characteristics of acute febrile illness (AFI) and undifferentiated fever (UF) cases, at four hospitals in Kenya, June

2017-March 2019".

AFI cases by site UF and non-UF cases Overall AFI
(all sites) N =3,232
Kakuma Kakamega Nairobi Mombasa UF cases | non-UF cases n (%)
n =951 n =396 n=1140 n=745 n=1735 n=1497
n (%) n (%) n (%) n (%) n (%) n (%)
Demographics
Male 468 (49.2) 223 (56.3) 656 (57.5) 426 (57.2) 931 (53.7) 842 (56.3) 1774 (54.9)
Age group
<12 months 276 (29.0) 91 (23.0) 601 (52.7) 297 (39.9) 416 (24.0) 849 (56.7) 1265 (39.1)
12-23 months 176 (18.5) 65 (16.4) 241 (21.1) 180 (24.2) 282 (16.3) 380 (25.4) 662 (20.5)
24-59 months 161 (16.9) 116 (29.3) 183 (16) 142 (19.1) 441 (25.4) 161 (10.8) 602 (18.6)
5-17 years 119 (12.5) 87 (22.0) 74 (6.5) 64 (8.6) 299 (17.2) 45 (3.0) 344 (10.6)
18-50 years 202 (21.2) 30 (7.6) 37 (3.3) 48 (6.4) 264 (15.2) 53 (3.5) 317 (9.8)
50+ years 17 (1.8) 7(2) 4(0.4) 14 (2.0) 33(1.9) 9(0.6) 42 (1.3)
Clinical characteristics
Symptoms
Chills 91 (9.6) 70 (17.7) 62 (5.4) 18 (2.4) 205 (30.2) 36 (15.4) 241 (7.5)
Lack of appetite 95 (10.0) 79 (19.9) 168 (14.7) 50 (6.7) 281 (41.4) 111 (0.5) 392 (12.1)
Sore muscles 42 (4.4) 4 (1.0) 31(2.7) 42 (5.6) 109 (16.1) 10 (4.3) 119 (3.7)
Headache 185 (19.5) 68 (17.2) 52 (4.6) 67 (9.0) 324 (47.7) 48 (20.5) 372 (11.5)
Cough 546 (57.4) 224 (56.6) 655 (57.5) 423 (56.8) 825 (47.6) 1023 (68.3) 1848 (57.0)
Difficulty breathing 156 (16.4) 78 (19.7) 513 (45.0) 290 (38.9) 279 (16.1) 758 (50.6) 1037 (32.1)
Shortness of breath 35(3.7) 7 (1.8) 122 (10.7) 144 (19.3) 81 (4.7) 227 (15.2) 308 (9.5)
Sore throat 15 (1.6) 3(0.8) 21(1.8) 2(0.3) 36 (5.3) 5(2.1) 41 (1.3)
Runny nose 108 (11.4) 76 (19.2) 261 (22.9) 41 (5.5) 239 (13.8) 247 (16.5) 486 (15.0)
Vomiting 402 (42.3) 160 (40.4) 383 (33.6) 280 (37.6) 540 (31.1) 685 (45.8) 1225 (37.9)
Diarrhea 393 (41.3) 148 (37.4) 439 (38.5) 310 (41.6) 198 (11.4) 1092 (73.0) 1290 (39.9)
Rash 13 (1.4) 12 (3.0) 97 (8.5) 75 (10.1) 124 (7.2) 73 (4.9) 197 (6.1)
Physical exam findings
Impaired consciousness 11 (1.1) 28 (7.1) 112 (9.8) 52 (7.0) 88 (5.1) 115 (7.7) 203 (6.3)
Lethargy 25 (2.6) 292 (73.7) 562 (49.3) 358 (48.1) 553 (31.9) 684 (45.7) 1237 (38.3)
Tachypnea 272 (28.6) 104 (26.3) 361 (31.7) 265 (35.6) 453 (26.1) 549 (36.7) 1002 (31.0)
Rales or crackles 144 (15.1) 93 (23.5) 372 (32.6) 280 (37.6) 295 (17.0) 594 (39.7) 889 (27.5)
Wheezing 11(1.1) 6(1.5) 41 (3.6) 21(2.8) 21(1.2) 58(3.9) 79 (2.4)
Oxygen saturation <90% on room air’ 26 (2.7) 26 (6.6) 195 (17.1) 34 (4.6) 96 (5.5) 185 (12.4) 281 (8.7)
Hepatomegaly 8(0.8) 11(2.8) 36 (3.2) 16 (2.1) 39 (2.3) 32(2.1) 71(2.2)
Splenomegaly 18 (1.9) 28 (7.1) 19 (1.7) 14 (1.9) 62 (3.6) 17 (1.1) 79 (2.4)
Rash 12 (1.3) 5(1.3) 25(2.2) 34 (4.6) 52 (3.0) 24 (1.6) 76 (2.4)
Jaundice 7 (0.7) 14 (3.5) 80 (7.0) 32(4.3) 98 (5.7) 35(2.3) 133 (4.1)
Discharge diagnosis*
Pneumonia 359 (39.5) 87 (24.5) 380 (38.5) 239 (36.0) 366 (23.4) 599 (44.7) 1065 (36.6)
Malaria 254 (28.0) 203 (57.2) 65 (6.6) 96 (14.5) 494 (31.5) 130 (9.7) 618 (21.2)
Gastroenteritis 165 (18.2) 44 (12.4) 180 (18.3) 185 (27.9) 77 (4.9) 498 (37.2) 574 (19.7)
Meningitis 4(0.4) 33(9.3) 122 (12.4) 83 (13.0) 153 (9.8) 91 (6.8) 242 (8.3)
Febrile convulsions 10 (1.1) 9 (2.5) 129 (13.1) 63 (9.5) 155 (9.9) 56 (4.2) 211(7.2)
Neonatal sepsis 0 4(1.1) 139 (14.1) 7 (1.0) 95 (6.1) 54 (4.0) 150 (5.1)
Outcome (n = 3021)
Death among all cases 16 (1.7) 12 (3.2) 75 (7.3) 28 (4.1) 40 (2.6) 74 (5.5) 131 (4.3)
(Continued)
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Table 1. (Continued)

AFI cases by site UF and non-UF cases Overall AFI
(all sites) N =3,232
Kakuma Kakamega Nairobi Mombasa UF cases | non-UF cases n (%)
n=951 n =396 n=1140 n=745 n=1735 n=1497
n (%) n (%) n (%) n (%) n (%) n (%)
Death among aged <5 years 9 (1.0) 8(2.1) 69 (6.7) 20 (2.9) 26 (1.7) 70 (5.2) 106 (4.5)
Death among aged > = 5 years 7(0.7) 4(1.1) 6 (0.6) 8(1.2) 14 (0.9) 4(0.3) 25 (3.8)
Past medical history
Malnutrition 62 (6.5) 20 (5.1) 148 (13.0) 50 (6.7) 110 (6.3) 170 (11.4) 280 (8.7)
Asthma 17 (1.8) 18 (4.6) 21(1.8) 26 (3.5) 52 (3.0) 30 (2.0) 82 (2.5)
TB under treatment 11(1.2) 5(1.3) 24 (2.1) 13 (1.7) 30 (1.7) 23 (1.5) 53 (1.6)
TB (previously treated) 15 (1.6) 2(0.5) 24 (2.1) 9(1.2) 33(1.9) 17 (1.1) 50 (1.6)
Other chronic respiratory disease 2(0.2) 3(0.8) 39 (3.4) 53 (7.1) 38 (2.2) 59 (3.9) 97 (3.0)
Immunodeficiency, including HIV 10 (1.1) 11 (2.8) 43 (3.8) 19 (2.6) 53(3.1) 30 (2.0) 83(2.6)
Heart disease 9 (1.0) 3(0.8) 54 (4.7) 20 (2.7) 35(2.0) 51(3.4) 86 (2.7)
Diabetes 10 (1.1) 3(0.8) 10 (0.9) 12 (1.6) 32(1.8) 3(0.2) 35(1.1)
Preterm (among aged <1 year) 31/274 (11.3) | 15/90 (16.7) | 66/600 (11.0) | 27/294 (9.2) | 48/415(11.6) | 91/848 (10.7) | 139/1258 (11.0)
Hospitalized in the past 12 months 276 (29.0) 76 (19.2) 330 (29.0) 108 (14.5) 412 (23.8) 378 (25.3) 790 (24.4)
Hospitalized in past 12 months among <5 years 199 (20.9) 52 (13.1) 291 (25.5) 81(10.9) 271 (15.6) 352 (23.5) 623 (19.3)
Hospitalized in past 12 months among >5 years 77 (8.1) 24 (6.1) 39 (3.4) 27 (3.6) 141 (8.1) 26 (1.7) 167 (5.2)
Reported antibiotic use in the 7 days before admission 54 (5.7) 116 (29.3) 292 (25.6) 171 (23.0) 292(16.8) 341 (22.8) 633 (19.6)
Household characteristics
Mean number of people in household 6(SD=3.0) | 5(SD=22) | 4(SD=1.3) | 4(SD=1.7) | 5(SD=2.5) 5(2.1) 5(SD=2.3)
Mean number of people per sleeping room 47(SD=23)|28(SD=1.2) 3.1(SD=1.3)|3.6(SD=1.5) | 3.6(SD =1.9) 3.7(1.7) 3.7(SD =1.8)
Main water source
Piped water 894 (94.0) 148 (37.4) 879 (77.1) 538 (72.2) 1305 (75.2) 1154 (77.1) 2459 (76.1)
Bought water 3(0.3) 1(0.3) 128 (11.2) 129 (17.3) 119 (6.9) 142 (9.5) 261 (8.1)
River or spring 26 (2.7) 172 (43.4) 22(1.9) 5(0.7) 153 (8.8) 72 (4.8) 225 (7.0)
Well 3(0.3) 69 (17.4) 36(3.2) 71 (9.5) 99 (5.7) 80 (5.3) 179 (5.5)
Rain water/other 25 (2.6) 6 (1.5) 75 (6.6) 2(0.3) 57 (3.4) 49 (3.3) 108 (3.3)
Main type of toilet/sanitary facility
Pit latrine 871 (91.7) 358 (90.4) 432 (38.0) 289 (38.8) | 1120 (64.6) | 830 (55.6) 1950 (60.4)
Flush toilet 1(0.1) 38 (9.6) 703 (61.8) 450 (60.5) 557 (32.1) 635 (42.5) 1192 (36.9)
Bush/other 78 (8.2) 0 3(0.3) 5(0.7) 57(0.3) 29 (0.2) 86 (2.7)
Main Type of fuel used for cooking
Gas 2(0.2) 54 (13.6) 732 (64.2) 278 (37.3) 521 (30.0) 545 (36.4) 1066 (33.0)
Firewood 768 (80.8) 198 (50.0) 51 (4.5) 35(4.7) 653 (37.6) 399 (26.7) 1052 (32.5)
Charcoal 176 (18.5) 131 (33.1) 106 (9.3) 270 (36.2) 372 (21.4) 311 (20.8) 683 (21.1)
Kerosine 2(0.2) 10 (2.5) 233 (20.4) 160 (21.5) 175 (10.1) 230 (15.4) 405 (12.5)
Electricity/other 3(0.3) 3(0.8) 18 (1.6) 2(0.3) 14 (0.8) 12 (0.8) 26 (0.8)
Electricity in home 116 (12.2) 228 (57.6) 1065 (93.4) 683 (91.7) 1043 (60.1) 1049 (70.1) 2092 (64.7)
Exposures during 2 weeks before hospitalization
Person with fever 41 (4.3) 62 (15.7) 141 (12.4) 52 (7.0) 155 (8.9) 141 (9.4) 296 (9.2)
Travel outside district of residence 14 (1.5) 27 (6.8) 182 (16.0) 88 (11.8) 172 (9.9) 139 (9.3) 311 (9.6)
Contact with animals
Poultry 75(7.9) 157 (39.6) 46 (4.0) 40 (5.4) 240 (13.8) 78 (5.2) 318 (9.8)
Cat 41 (4.3) 126 (31.8) 75 (6.6) 69 (9.3) 222 (12.8) 89 (5.9) 311 (9.6)
Dog 11(1.2) 65 (16.4) 33(2.9) 19 (2.6) 96 (5.5) 32(2.1) 128 (4.0)
Cow 3(0.3) 93 (23.5) 13 (1.1) 7(0.9) 92 (5.3) 24 (1.6) 116 (3.6)
(Continued)
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Table 1. (Continued)

AFI cases by site UF and non-UF cases Overall AFI
(all sites) N =3,232
Kakuma Kakamega Nairobi Mombasa UF cases | non-UF cases n (%)
n =951 n =396 n=1140 n=745 n=1735 n = 1497
n (%) n (%) n (%) n (%) n (%) n (%)
Goat 20 (2.1) 22 (5.6) 15 (1.3) 11 (1.5) 55 (3.2) 13 (0.9) 68 (2.1)
Pigs, sheep and other 10 (1.1) 21 (5.3) 13 (1.1) 6(0.8) 45 (2.6) 5(0.3) 50 (1.5)
Sleep under mosquito net 783 (82.3) 360 (90.9) 727 (63.8) 679 (91.1) | 1375(79.3) | 1174 (78.4) 2549 (78.9)

! Missing values excluded from denominators
+ Excluded values not measured on room air: 1 (<1%) in Kakuma, 15 (4%) in Kakamega, 92 (8%) in Nairobi and 35 (5%) in Mombasa
i Present diagnoses recorded in >5% of AFI cases (complete list of discharge diagnoses presented in S1 Table); diagnoses not mutually exclusive, cases could have more

than one discharge diagnosis

https://doi.org/10.1371/journal.pone.0305700.t001

Among 1,314 UF cases with blood samples tested by TAC, 715 (54.4%) had no pathogens
detected (Fig 2 and S2 Table). Cases aged <12 months had the highest proportion of cases
with no pathogen detected (75.0%, 147/196), and those aged 18-49 years had the lowest pro-
portion (39.0%, 92/236) (Fig 3A and S3 Table). The Nairobi site had the highest proportion of
cases with no pathogen detected (79.7%, 248/311), and the Kakamega site had the lowest pro-
portion (42.3%, 94/222) (Fig 3B and S4 Table).

The most common pathogen identified among UF cases was Plasmodium spp., detected as
a single pathogen in 471 (35.8%) samples and in combination with other pathogens in 38
(2.9%) of samples. Plasmodium was the most frequently detected pathogen across all ages (Fig
3A and S3 Table) and all sites (Fig 3B and S4 Table). The frequency of Plasmodium detection
among UF cases by site was 52.7% (117/222) in Kakamega, 45.2% (233/515) in Kakuma, 42.1%
(112/266) in Mombasa, and 15.1% (47/311) in Nairobi. The age groups with the highest pro-
portion of Plasmodium detected were 5-17 years (51.3%, 139/271) and 18-49 years (50.4%,
119/236); the lowest portion was among age <1 year (21.4%, 42/196).

Chikungunya virus was found in 2.3% (30/1314) of UF cases (22 chikungunya alone and 8
together with Plasmodium). Chikungunya was detected only in the Mombasa site among cases
aged <50 years. Cases with chikungunya were first detected in December 2017 (the same
month that surveillance started in Mombasa). The highest number of monthly cases with chi-
kungunya detected was in January 2018 (n = 13); all other months had <5 cases detected (Fig
4). Other pathogens detected by TAC were present in <1% of UF cases.

Among 776 UF cases with blood culture performed, 11 (1.4%) grew potentially pathogenic
isolates, including Staphylococcus aureus (n = 5), Streptococcus pneumoniae (n = 1), Escherichia
coli (n = 1), Salmonella group B (n = 1), Salmonella enterica serovar Typhi (n = 1), and Crypto-
coccus species (n = 1) (Table 2).

Discussion

Across four ecologically distinct sites in Kenya the majority of cases enrolled in AFI (>75%)
and UF (>65%) surveillance were children aged <5 years, among whom there was a case fatal-
ity of 4.5%. Case fatality varied by site, and was highest in Nairobi (7.3%), likely reflecting the
severity of cases admitted to the national referral hospital. Plasmodium was the most common
pathogen detected among UF cases across all sites and age groups. More than half of UF had
no pathogens detected by TAC, highlighting the challenges of characterizing the causes of
undifferentiated fever.
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Fig 2. Pathogens detected by TAC among UF cases (n = 1314) in Kenya at four hospitals in Kenya, June 2017-March 2019.

https://doi.org/10.1371/journal.pone.0305700.9002

While there were important reductions in malaria morbidity and mortality globally, and
particularly in Sub-Saharan Africa, from 2000-2015, key indicators have not improved since
2015, and malaria remains a major cause of morbidity and mortality. In our study, malaria was
the most frequently detected pathogen among persons in AFI surveillance across all age groups
and sites. The age groups with the highest frequency of Plasmodium detection were 5-17 and
18-49 years; the finding that school-aged children and adolescents harbored the highest preva-
lence of infection is consistent with population-based prevalence studies from the highly
endemic Lake Region of western Kenya, such as Kakamega [19]. In these settings, and to a
lesser extent the Mombasa site on the Kenya coast, repeated exposure to malaria infection
results in naturally acquired or partial immunity, which manifests in a dampening of symp-
toms during each subsequent infection [20]. Among older children and adults, naturally
acquired immunity results in the ability to harbor low-density asymptomatic infections, many
of which may only be detected through molecular diagnostics [21]. This results in a higher
burden of malaria infections requiring hospitalization among young children. In areas of low
endemicity, or which are subject only to epidemics, such as the Kakuma site [15], or infections
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https://doi.org/10.1371/journal.pone.0305700.g003

acquired during travel, such as the Nairobi site, older children and adults have not developed
naturally acquired immunity, infections result in the development of high parasite densities
and more severe symptoms, and the burden of hospitalization is more proportionally
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Fig 4. Pathogens detected by TAC among UF cases (n = 1,314) by month, across four hospitals in Kenya, June 2017- March 2019. Arrows indicate surveillance start
date. Counts reflect positive test results; some cases have more than one positive result.
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Table 2. Blood culture results from undifferentiated fever cases at four hospitals in Kenya, June 2017-March 2019.

Pathogens isolated from blood culture

Staphylococcus aureus
Streptococcus pneumoniae
Escherichia Coli

Salmonella group B

Salmonella enterica serovar Typhi

Cryptococcus spp.
https://doi.org/10.1371/journal.pone.0305700.t002

Kakuma Kakamega Nairobi Overall

n (%) n =339 n (%) n (%) n (%)
n=156 n =258 n=753

1(0.3) 2(1.3) 3(1.2) 6 (0.8)

0 1(0.6) 0 1(0.1)

0 0 1(0.4) 1(0.1)
1(0.3) 0 0 1(0.1)

0 1(0.6) 0 1(0.1)

0 0 1(0.4) 1(0.1)

distributed across age groups. In the context of a large proportion of UF participants in whom
we did not identify an underlying pathogen, our findings of higher prevalence of malaria
among admitted UF patients in Kakamega and Mombasa may be an incidental finding and a
reflection of our use of a molecular test in a setting of high rates of low-density asymptomatic
parasite infections. Ascertainment of parasite densities may have allowed us to estimate the
proportion of these infections in which malaria was in the causality pathway for hospitaliza-
tion. However, in Nairobi and in Kakuma, findings of high rates of malaria-associated hospi-
talization are consistent with prior studies [21]. Our findings of high rates of Plasmodium
positivity are also consistent with other studies among children seeking care for fever in sub-
Saharan Africa where P. falciparum was estimated to be the cause of fever in 37.7%, with sub-
stantial variability over time and place [22]. While many AFI studies exclude patients with
malaria to focus on non-malarial etiologies of fever, our study highlights the importance of
capturing data on malaria, including co-detection of malaria together with other pathogens, as
well as the complexities of interpreting Plasmodium positivity across diverse etiologic contexts.

After Plasmodium, the next most common pathogen detected among UF cases was HIV.
Although rarely detected among children, approximately one of every ten adult UF cases was
HIV-infected. As with Plasmodium, detection of HIV among UF cases does not necessarily
imply that it is the cause of the fever. Fever is a common presenting sign of acute HIV infection
[23], however, immunosuppression resulting from chronic HIV infection can also increase the
risk for other infectious diseases that may also cause fever [24]. Based on the TAC assay, it is
not possible to distinguish between acute and chronic HIV; further testing is needed to better
characterize the role of HIV in AFI and UF in adults. There is evidence of declining HIV inci-
dence in Sub-Sahara Africa, including in the East African region and Kenya [25, 26]. Nonethe-
less, HIV should be considered in adult patients presenting with fever in Kenya, either as an
acute cause of febrile illness or as an underlying cause.

Reports of chikungunya outbreaks from African countries have increased over the past 20
years [27]. An outbreak of chikungunya virus occurred in Mombasa from late 2017 through
mid-2018, as reflected in these surveillance data; genomic analyses of the implicated strain
detected mutations that could make transmission more efficient, including potential adapta-
tion to Aedes albopictus, while prior chikungunya outbreaks in Kenya have been spread only
by Ae. aegypti [28]. A population-based cohort study conducted in 2014-2018 in Kilifi, coastal
Kenya found that 12.7% of febrile children aged <16 years tested positive for chikungunya,
with evidence of endemic disease occurring during non-epidemic periods [11]. Another study
of AFI in children aged <18 years in two sites in Kenya in 2014-2015 reported detection of
chikungunya in 5.5% of cases in sites in the coastal region and 13.1% of cases in two sites near
Lake Victoria in Western Kenya [29]. Our surveillance did not detect chikungunya cases out-
side of the coastal region (Mombasa site), or outside the time period of a recognized outbreak
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(late December 2017 to mid-2018), and the percentage of cases with chikungunya detected was
lower than reported in these other studies in Kenya [11, 29]. Nonetheless, these data in con-
junction highlight the importance of chikungunya as a cause of fever as well as the need for
continued surveillance to inform control strategies.

Our data highlight some of the challenges in determining the etiology of AFI. With so many
viral, bacterial, and fungal pathogens potentially causing fever, frequently no etiology is deter-
mined for AFI cases, even after extensive diagnostic testing [5, 7, 30]. AFI TAC tests for 28 dis-
tinct pathogens; however, many of the pathogens are found more commonly in adults while the
AFI and UF cases enrolled were predominantly children, as reflected in the proportion with no
pathogen detected across age groups. A study of febrile children aged <5 years presenting for
outpatient care in Tanzania using metagenomic next generation sequencing of blood samples
found that half of the children had evidence of at least one virus, most commonly enteroviruses,
rotaviruses and human herpesvirus 6 [31]; none of these pathogens were included on the TAC
card used for our surveillance, and the UF case definition used to target TAC testing excluded
diarrheal AFI cases. Furthermore, although we did not focus on the detection of respiratory
pathogens and excluded those with evidence of lower respiratory tract infection from TAC test-
ing, respiratory symptoms and pneumonia diagnosis were common among UF cases, suggest-
ing that collection of a respiratory sample and testing for respiratory pathogens may have
yielded more etiologic information. We detected very few pathogens detected by blood culture.
Blood culture is the gold standard for invasive bacterial disease detection but is insensitive, par-
ticularly when antibiotics have been previously administered [5].

This study was subject to several additional limitations. Enrollment and sample collection
was suboptimal, potentially leading to bias by not including certain groups of patients. Some of
the sites were referral hospitals, and patients may have received treatment before arrival which
could affect the sensitivity of diagnostic methods used. Allowing for symptom onset up to 13
days before presentation to the hospital could have limited the detection of pathogens most eas-
ily detected early in the course of illness. We had limited ability to examine seasonality or cycli-
cal patterns of AFI pathogens, due to a relatively short study period and detection of small
numbers of cases for most pathogens. We could not examine associations between pathogens
and outcomes due to small case counts for most pathogens detected. Finally, as noted above for
Plasmodium and HIV, detection of the pathogen does not necessarily reflect the AFI cause.

Surveillance at four ecologically distinct sites across Kenya showed that most patients hospi-
talized with fever are young children, and the most common pathogen detected across all sites
and age groups was Plasmodium, highlighting the importance of malaria among febrile ill-
nesses. More than half of cases with blood samples collected had no pathogen detected, despite
testing for 28 causes of fever, reflecting the challenge of determining the etiology of fever.
Malaria prevention and control efforts are critical for reducing the burden of AFI, and
improved diagnostic testing is needed to provide better insight into non-malarial causes of
fever. The high case fatality of AFI underscores the need to optimize diagnosis and appropriate
management of AFL.
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in Turkana County. Size of circle reflects bed capacity of the participating hospital in each site.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0305700  August 1, 2024 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305700.s001
https://doi.org/10.1371/journal.pone.0305700

PLOS ONE

Acute febrile illness in Kenya

S2 Fig. TAC card targets.
(DOCX)

S1 Table. Discharge diagnoses among acute febrile illness (AFI) cases, at four hospitals in
Kenya, June 2017-March 2019.
(DOCX)

$2 Table. Pathogens detected by TAC among UF cases (n = 1314) in Kenya at four hospi-
tals in Kenya, June 2017-March 2019.
(DOCX)

$3 Table. Pathogens detected by TAC among UF cases (n = 1,314) by age group, June
2017-March 2019.
(DOCX)

$4 Table. Pathogens detected by TAC among UF cases (n = 1,314) by site, June
2017-March 2019.
(DOCX)

Acknowledgments

We thank the teams of surveillance officers and laboratory technicians who generated the data
presented in this paper. We also thank the participants for agreeing to share information and
samples even while acutely ill, and the clinical teams in participating hospitals for their cooper-
ation and support.

Disclaimer: The findings and conclusions in this paper are those of the authors and do not
necessarily represent the views of the U.S. Centers for Disease Control and Prevention.

Author Contributions

Conceptualization: Jennifer R. Verani, Elizabeth A. Hunsperger, Godfrey Bigogo,
Aaron M. Samuels, Kariuki Njenga, Joel M. Montgomery, Marc-Alain Widdowson.

Data curation: Eric Ng’ eno, Doris Marwanga, Derrick Amon, Melvin Ochieng.
Formal analysis: Jennifer R. Verani, Doris Marwanga.
Funding acquisition: Joel M. Montgomery, Marc-Alain Widdowson.

Investigation: Jennifer R. Verani, Eric Ng’ eno, Elizabeth A. Hunsperger, Peninah Munyua,
Eric Osoro, Godfrey Bigogo, Derrick Amon, Melvin Ochieng.

Methodology: Jennifer R. Verani, Eric Ng’ eno, Elizabeth A. Hunsperger, Peninah Munyua,
Eric Osoro, Godfrey Bigogo, Aaron M. Samuels, Kariuki Njenga, Joel M. Montgomery,
Marc-Alain Widdowson.

Project administration: Jennifer R. Verani, Eric Ng’ eno, Eric Osoro, Joel M. Montgomery.

Resources: Paul Etau, Victor Bandika, Victor Zimbulu, John Kiogora, John Wagacha Burton,
Joel M. Montgomery, Marc-Alain Widdowson.

Supervision: Jennifer R. Verani, Eric Ng’ eno, Elizabeth A. Hunsperger, Peninah Munyua,
Eric Osoro, Paul Etau, Victor Bandika, Victor Zimbulu, John Kiogora, Kariuki Njenga,
Joel M. Montgomery, Marc-Alain Widdowson.

Visualization: Jennifer R. Verani, Doris Marwanga.

Writing - original draft: Jennifer R. Verani, Elizabeth A. Hunsperger, Peninah Munyua.

PLOS ONE | https://doi.org/10.1371/journal.pone.0305700  August 1, 2024 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305700.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305700.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305700.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305700.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305700.s006
https://doi.org/10.1371/journal.pone.0305700

PLOS ONE

Acute febrile illness in Kenya

Writing - review & editing: Jennifer R. Verani, Eric Ng’ eno, Elizabeth A. Hunsperger,

Peninah Munyua, Eric Osoro, Doris Marwanga, Godfrey Bigogo, Derrick Amon,
Melvin Ochieng, Paul Etau, Victor Bandika, Victor Zimbulu, John Kiogora,

John Wagacha Burton, Emmanuel Okunga, Aaron M. Samuels, Kariuki Njenga,
Joel M. Montgomery, Marc-Alain Widdowson.

References

1.

10.

1.

12

13.

14.

15.

Maze MJ, Bassat Q, Feasey NA, Mandomando |, Musicha P, Crump JA. The epidemiology of febrile ill-
ness in sub-Saharan Africa: implications for diagnosis and management. Clin Microbiol Infect. 2018; 24
(8):808—14. Epub 2018/02/20. doi: 10.1016/j.cmi.2018.02.011. PubMed PMID: PMID: 29454844;
PubMed Central PMCID: PMC6057815.

Roddy P, Dalrymple U, Jensen TO, Dittrich S, Rao VB, Pfeffer DA, et al. Quantifying the incidence of
severe-febrile-illness hospital admissions in sub-Saharan Africa. PLoS One. 2019; 14(7):e0220371.
Epub 2019/07/26. doi: 10.1371/journal.pone.0220371. PubMed PMID: PMID: 31344116; PubMed Cen-
tral PMCID: PMC6657909.

GBD_2019_Diseases_and_lInjuries_Collaborators. Global burden of 369 diseases and injuries in 204
countries and territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study
2019. Lancet. 2020;396(10258):1204—22. Epub 2020/10/19. doi: 10.1016/S0140-6736(20)30925-9.
PubMed PMID: 33069326; PubMed Central PMCID: PMC7567026.

Rhee C, Kharod GA, Schaad N, Furukawa NW, Vora NM, Blaney DD, et al. Global knowledge gaps in
acute febrile illness etiologic investigations: A scoping review. PLoS Negl Trop Dis. 2019; 13(11):
e0007792. Epub 2019/11/16. doi: 10.1371/journal.pntd.0007792. PubMed PMID: PMID: 31730635;
PubMed Central PMCID: PMC6881070.

Iroh Tam P-Y, Obaro SK, Storch G. Challenges in the Etiology and Diagnosis of Acute Febrile lliness in
Children in Low- and Middle-Income Countries. Journal of the Pediatric Infectious Diseases Society.
2016; 5(2):190—-205. https://doi.org/10.1093/jpids/piw016 PMID: 27059657

Elven J, Dahal P, Ashley EA, Thomas NV, Shrestha P, Stepniewska K, et al. Non-malarial febrile iliness:
a systematic review of published aetiological studies and case reports from Africa, 1980-2015. BMC
Medicine. 2020; 18(1):279. https://doi.org/10.1186/s12916-020-01744-1 PMID: 32951596

Prasad N, Murdoch DR, Reyburn H, Crump JA. Etiology of Severe Febrile lliness in Low- and Middle-
Income Countries: A Systematic Review. PLoS One. 2015; 10(6):e0127962. Epub 2015/07/01. doi: 10.
1371/journal.pone.0127962. PubMed PMID: PMID: 26126200; PubMed Central PMCID: PMC4488327.

Pneumonia Etiology Research for Child Health Study G. Causes of severe pneumonia requiring hospi-
tal admission in children without HIV infection from Africa and Asia: the PERCH multi-country case-con-
trol study. Lancet. 2019;394(10200):757—79. Epub 2019/07/02. doi: 10.1016/S0140-6736(19)30721-4.
PubMed PMID: 31257127; PubMed Central PMCID: PMC6727070.

Kotloff KL, Nataro JP, Blackwelder WC, Nasrin D, Farag TH, Panchalingam S, et al. Burden and aetiol-

ogy of diarrhoeal disease in infants and young children in developing countries (the Global Enteric Multi-
center Study, GEMS): a prospective, case-control study. Lancet. 2013; 382(9888):209-22. Epub 2013/
05/18. doi: 10.1016/S0140-6736(13)60844-2. PubMed PMID: PMID: 23680352.

Lim JK, Matendechero SH, Alexander N, Lee J-S, Lee KS, Namkung S, et al. Clinical and epidemiologic
characteristics associated with dengue fever in Mombasa, Kenya. International Journal of Infectious
Diseases. 2020; 100:207—15. doi: https://doi.org/10.1016/}.ijid.2020.08.074.

Nyamwaya DK, Otiende M, Omuoyo DO, Githinji G, Karanja HK, Gitonga JN, et al. Endemic chikungu-
nya fever in Kenyan children: a prospective cohort study. BMC Infectious Diseases. 2021; 21(1):186.
doi: 10.1186/s12879-021-05875-5. PubMed PMID: PMID: 33602147.

National Malaria Control Programme - NMCP/Kenya, Kenya National Bureau of Statistics - KNBS, ICF
International. Kenya Malaria Indicator Survey 2015. Nairobi, Kenya: NMCP, KNBS, and ICF Interna-
tional, 2016.

UNHCR. Kenya registered refugees and asylum-seekers 2019 [cited 2021 Sept 29]. Available from:
https://www.unhcr.org/ke/wp-content/uploads/sites/2/2019/12/Kenya-Infographics-30-November-
2019.pdf.

WorldFoodProgramme. NUTRITION FOR REFUGEES In Kakuma Camp and Kalobeyei Settlement.
INFOBRIEF [Internet]. 2018 30 May, 2023 [cited 2023; 27. Available from: https://docs.wfp.org/api/
documents/WFP-0000102588/download/.

Nabie Bayoh M, Akhwale W, Ombok M, Sang D, Engoki SC, Koros D, et al. Malaria in Kakuma refugee
camp, Turkana, Kenya: facilitation of Anopheles arabiensis vector populations by installed water

PLOS ONE | https://doi.org/10.1371/journal.pone.0305700  August 1, 2024 14/15


https://doi.org/10.1016/j.cmi.2018.02.011
http://www.ncbi.nlm.nih.gov/pubmed/29454844
https://doi.org/10.1371/journal.pone.0220371
http://www.ncbi.nlm.nih.gov/pubmed/31344116
https://doi.org/10.1371/journal.pntd.0007792
http://www.ncbi.nlm.nih.gov/pubmed/31730635
https://doi.org/10.1093/jpids/piw016
http://www.ncbi.nlm.nih.gov/pubmed/27059657
https://doi.org/10.1186/s12916-020-01744-1
http://www.ncbi.nlm.nih.gov/pubmed/32951596
https://doi.org/10.1371/journal.pone.0127962
https://doi.org/10.1371/journal.pone.0127962
http://www.ncbi.nlm.nih.gov/pubmed/26126200
https://doi.org/10.1016/S0140-6736%2813%2960844-2
http://www.ncbi.nlm.nih.gov/pubmed/23680352
https://doi.org/10.1016/j.ijid.2020.08.074
https://doi.org/10.1186/s12879-021-05875-5
http://www.ncbi.nlm.nih.gov/pubmed/33602147
https://www.unhcr.org/ke/wp-content/uploads/sites/2/2019/12/Kenya-Infographics-30-November-2019.pdf
https://www.unhcr.org/ke/wp-content/uploads/sites/2/2019/12/Kenya-Infographics-30-November-2019.pdf
https://docs.wfp.org/api/documents/WFP-0000102588/download/
https://docs.wfp.org/api/documents/WFP-0000102588/download/
https://doi.org/10.1371/journal.pone.0305700

PLOS ONE

Acute febrile illness in Kenya

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

distribution and catchment systems. Malaria Journal. 2011; 10(1):149. https://doi.org/10.1186/1475-
2875-10-149 PMID: 21639926

Shultz A, Omollo JO, Burke H, Qassim M, Ochieng JB, Weinberg M, et al. Cholera outbreak in Kenyan
refugee camp: risk factors for illness and importance of sanitation. Am J Trop Med Hyg. 2009; 80
(4):640-5. Epub 2009/04/07. PubMed PMID: PMID: 19346392.

NASCOP. National AIDS and STI Control Programme (NASCOP). Kenya Population-based HIV Impact
Assessment (KENPHIA) 2018: Final Report. Nairobi: 2022.

Liu J, Ochieng C, Wiersma S, Stréher U, Towner JS, Whitmer S, et al. Development of a TagMan Array
Card for Acute-Febrile-lliness Outbreak Investigation and Surveillance of Emerging Pathogens, Includ-
ing Ebola Virus. J Clin Microbiol. 2016; 54(1):49-58. Epub 2015/10/23. doi: 10.1128/JCM.02257-15.
PubMed PMID: PMID: 26491176; PubMed Central PMCID: PMC4702733.

Samuels AM, Odero NA, Odongo W, Otieno K, Were V, Shi YP, et al. Impact of Community-Based
Mass Testing and Treatment on Malaria Infection Prevalence in a High-Transmission Area of Western
Kenya: A Cluster Randomized Controlled Trial. Clinical Infectious Diseases. 2020; 72(11):1927-35.
https://doi.org/10.1093/cid/ciaa471 PMID: 32324850

Lindblade KA, Steinhardt L, Samuels A, Kachur SP, Slutsker L. The silent threat: asymptomatic parasite-
mia and malaria transmission. Expert Rev Anti Infect Ther. 2013; 11(6):623—39. doi: 10.1586/eri.13.45.
PubMed PMID: PMID: 23750733.

Bousema T, Okell L, Felger |, Drakeley C. Asymptomatic malaria infections: detectability, transmissibil-
ity and public health relevance. Nat Rev Microbiol. 2014; 12(12):833—40. Epub 20141020. doi: 10.1038/
nrmicro3364. PubMed PMID: PMID: 25329408.

Dalrymple U, Cameron E, Arambepola R, Battle KE, Chestnutt EG, Keddie SH, et al. The contribution
of non-malarial febrile iliness co-infections to Plasmodium falciparum case counts in health facilities in
sub-Saharan Africa. Malaria Journal. 2019; 18(1):195. https://doi.org/10.1186/s12936-019-2830-y
PMID: 31186004

Sanders EJ. HIV-1 testing of young febrile adults seeking care for fever in sub-Sahara Africa. Int Health.
2014; 6(2):77-8. Epub 2014/06/11. doi: 10.1093/inthealth/ihu026. PubMed PMID: PMID: 24914143;
PubMed Central PMCID: PMC4049277.

Zanoni BC, Gandhi RT. Update on opportunistic infections in the era of effective antiretroviral therapy.
Infect Dis Clin North Am. 2014; 28(3):501-18. doi: 10.1016/j.idc.2014.05.002. PubMed PMID: PMID:
25151568.

Joshi K, Lessler J, Olawore O, Loevinsohn G, Bushey S, Tobian AAR, Grabowski MK. Declining HIV
incidence in sub-Saharan Africa: a systematic review and meta-analysis of empiric data. Journal of the
International AIDS Society. 2021; 24(10). https://doi.org/10.1002/jia2.25818 PMID: 34672104

National AIDS Control Council MoH. Kenya HIV Estimates: Report 2018. Nairobi: October 2018. Report
No.

Russo G, Subissi L, Rezza G. Chikungunya fever in Africa: a systematic review. Pathog Glob Health.
2020; 114(3):136—44. Epub 2020/04/21. doi: 10.1080/20477724.2020.1748965. PubMed PMID: PMID:
32308158; PubMed Central PMCID: PMC7241529.

Eyase F, Langat S, Berry IM, Mulwa F, Nyunja A, Mutisya J, et al. Emergence of a novel chikungunya
virus strain bearing the E1:V80A substitution, out of the Mombasa, Kenya 2017-2018 outbreak. PLOS
ONE. 2020; 15(11):€0241754. https://doi.org/10.1371/journal.pone.0241754 PMID: 33156857

Waggoner J, Brichard J, Mutuku F, Ndenga B, Heath CJ, Mohamed-Hadley A, et al. Malaria and Chi-
kungunya Detected Using Molecular Diagnostics Among Febrile Kenyan Children. Open Forum Infec-
tious Diseases. 2017; 4(3). https://doi.org/10.1093/ofid/ofx110 PMID: 28702473

Grundy BS, Houpt ER. Opportunities and challenges to accurate diagnosis and management of acute
febrile iliness in adults and adolescents: A review. Acta Tropica. 2022; 227:106286. doi: https://doi.org/
10.1016/j.actatropica.2021.106286. https://doi.org/10.1016/j.actatropica.2021.106286 PMID: 34953775

Cordey S, Laubscher F, Hartley MA, Junier T, Keitel K, Docquier M, et al. Blood virosphere in febrile
Tanzanian children. Emerg Microbes Infect. 2021; 10(1):982-93. Epub 2021/05/01. doi: 10.1080/
22221751.2021.1925161. PubMed PMID: PMID: 33929935; PubMed Central PMCID: PMC8171259.

PLOS ONE | https://doi.org/10.1371/journal.pone.0305700  August 1, 2024 15/15


https://doi.org/10.1186/1475-2875-10-149
https://doi.org/10.1186/1475-2875-10-149
http://www.ncbi.nlm.nih.gov/pubmed/21639926
http://www.ncbi.nlm.nih.gov/pubmed/19346392
https://doi.org/10.1128/JCM.02257-15
http://www.ncbi.nlm.nih.gov/pubmed/26491176
https://doi.org/10.1093/cid/ciaa471
http://www.ncbi.nlm.nih.gov/pubmed/32324850
https://doi.org/10.1586/eri.13.45
http://www.ncbi.nlm.nih.gov/pubmed/23750733
https://doi.org/10.1038/nrmicro3364
https://doi.org/10.1038/nrmicro3364
http://www.ncbi.nlm.nih.gov/pubmed/25329408
https://doi.org/10.1186/s12936-019-2830-y
http://www.ncbi.nlm.nih.gov/pubmed/31186004
https://doi.org/10.1093/inthealth/ihu026
http://www.ncbi.nlm.nih.gov/pubmed/24914143
https://doi.org/10.1016/j.idc.2014.05.002
http://www.ncbi.nlm.nih.gov/pubmed/25151568
https://doi.org/10.1002/jia2.25818
http://www.ncbi.nlm.nih.gov/pubmed/34672104
https://doi.org/10.1080/20477724.2020.1748965
http://www.ncbi.nlm.nih.gov/pubmed/32308158
https://doi.org/10.1371/journal.pone.0241754
http://www.ncbi.nlm.nih.gov/pubmed/33156857
https://doi.org/10.1093/ofid/ofx110
http://www.ncbi.nlm.nih.gov/pubmed/28702473
https://doi.org/10.1016/j.actatropica.2021.106286
https://doi.org/10.1016/j.actatropica.2021.106286
https://doi.org/10.1016/j.actatropica.2021.106286
http://www.ncbi.nlm.nih.gov/pubmed/34953775
https://doi.org/10.1080/22221751.2021.1925161
https://doi.org/10.1080/22221751.2021.1925161
http://www.ncbi.nlm.nih.gov/pubmed/33929935
https://doi.org/10.1371/journal.pone.0305700

