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Enteric fever, caused by Salmonella enterica serovars
Typhi and Paratyphi, results in high rates of illness and
death globally. The lack of reliable diagnostic assays lim-
its surveillance, leading to major gaps in understanding
the population-level burden in low- and middle-income
countries. We applied a novel serologic tool measuring
IgG responses to hemolysin E to assess typhoidal Sal-
monella infection rates in children from 4 communities:
2 in western Kenya (Kisumu and Chulaimbo) and 2 in
coastal Kenya (Ukunda and Msambweni). We found a

nteric fever is a major health problem globally that

has the potential to cause a spectrum of symp-
toms, including severe febrile illness and intestinal
perforation (1). Salmonella enterica serovars Typhi and
Paratyphi A, B, and C are responsible for enteric fe-
ver; Salmonella Typhi is the most prevalent, followed
by Salmonella Paratyphi A. Whereas Salmonella Typhi
is found throughout the world, Salmonella Paratyphi
A is most prevalent in South and Southeast Asia and
is not commonly found in Africa. Most illness oc-
curs in low and middle-income countries (LMICs)
that lack access to safe drinking water and improved
sanitation; children and adolescents bear the highest
burden of disease (2-4). Accurate diagnosis is chal-
lenging and often requires culture-based methods
(5). The current reference standard is blood culture,
which might be unavailable in many clinical settings

substantially higher enteric fever seroincidence rate in
coastal Kenya (37/100 person-years) than in western
Kenya (3.6/100 person-years). We found a higher sero-
incidence rate in households with nonpiped water and
lower incomes and in neighborhoods with higher popula-
tion density. Our findings contribute to Kenya’s limited
enteric fever surveillance data, especially in the coastal
regions. Such information underscores the need for pub-
lic health interventions, such as typhoid conjugate vac-
cine introduction, in Kenya.

where typhoid is endemic; it has an estimated sensi-
tivity range of 51%-65% that varies by age, duration
of symptoms, use of antimicrobial drugs before test-
ing, and volume of blood collected (5,6). Alternative
molecular testing using peripheral blood has low di-
agnostic sensitivity (7). Point-of-care serologic-based
diagnostic tests, such as the Widal test, are also lim-
ited by low sensitivity and specificity (5). In addition
to variable sensitivity and specificity, available test-
ing for enteric fever might be cost prohibitive, result-
ing in underreporting of the true incidence of disease.
Furthermore, because of public health allocations of
resources focused on other infectious diseases, accu-
rate surveillance remains an epidemiologic challenge.
It is important to capture the effect of those infections
to better prioritize preventive measures, including
vaccine implementation (3,4).
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Although geostatistical models estimate a high
prevalence of enteric fever in sub-Saharan Africa,
relatively few studies have provided direct disease
burden estimates in the region (2,8). The available
data suggest a very high burden of typhoid in Ke-
nya; however, most studies focused primarily on the
densely populated capital city of Nairobi and its sur-
rounding areas, with limited data available from the
western or coastal regions (2,9). Although the Kenya
Ministry of Health offers typhoid vaccination for
high-risk groups, it has not implemented a routine
immunization series for all persons (9). To further
understand the burden of typhoid in western and
coastal region of Kenya, we implemented a serosur-
veillance tool to estimate the population-level enteric
fever seroincidence rate and identify risk factors for
infection among children.

Methods

Study Cohort

We used archived serum samples and accompanying
survey data that evaluated the burden of chikungu-
nya virus and dengue virus infections among chil-
dren 2-18 years of age across 4 sites in Kenya (10).
Although the parent study included a longitudinal
cohort, this analysis is cross-sectional serosurvey us-
ing data and serum samples collected from a periodic
sampling timepoint (April 2017-January 2018) and
comprises a random subset of 1,408 children. Two
geographically distinct areas in Kenya are represented
in this analysis: coastal Kenya (Msambweni and Uku-
nda) and western Kenya (Chulaimbo and Kisumu).
Those 2 areas have different baseline infrastructure
(higher wealth in the west) and weather patterns
(higher temperature and humidity and longer rainy
seasons on the coast) (Appendix Table 1, https://
wwwnc.cdc.gov/EID/article/32/3/25-0469-App1.
pdf). We selected a rural town in each area, Msawbwe-
ni on the coast and Chulaimbo in the west, that had
less infrastructure and fewer resources than its adja-
cent densely populated urban center (Appendix Table
2) (10). We recruited households by random enroll-
ment within confined structured zones in each study
community across a similar time period. We adminis-
tered demographic surveys designed to collect infor-
mation about the household, built infrastructure, and
behavioral patterns related to mosquitoborne infec-
tions but also captured information relevant to food
and waterborne illnesses, such as population density
and access to piped water and latrines (10). The ethics
review boards with the Kenya Medical Research In-
stitute (approval no. SSC95 2611), Stanford University

Emerging Infectious Diseases *« www.cdc.gov/eid ¢ Vol. 32, No. 3, March 2026

Seroincidence of Typhoid in Children, Kenya

(approval no. 31488), and Mass General Brigham (ap-
proval no. 2019P000152) approved the study protocol.

Sample Collection and Testing

We collected blood samples during the same house-
hold visit at which we administered surveys. We
centrifuged blood samples and stored serum ali-
quots at —=70°C until testing. We used 1 serum sam-
ple from each participant to measure hemolysin E
HIyE IgG levels at Massachusetts General Hospital
(Boston, MA, USA) by kinetic ELISA, as previously
described (6).

Statistical Analysis

We estimated seroconversion rates from cross-sec-
tional serosurveys using models of HIyE IgG decay
derived from blood culture-confirmed enteric fever
cases (6). Those models account for peak antibody
responses, decay rates, and variability in immune
responses while incorporating multiple biomarkers,
measurement noise, and cross-reactivity (11-13). We
implemented our approach using the open-source R
package serocalculator (https://cran.r-project.org/
web/packages/serocalculator). We paired demo-
graphic information with the serologic results and an-
alyzed for associations with age, population density,
water source, latrine availability, and wealth. We cal-
culated the population density using zonal statistics in
QGIS version 3.28.9 (https://qgis.org), and obtained
population counts from WorldPop (https://www.
worldpop.org). We divided the population into quar-
tiles representing increasing population density across
the cohort. We calculated a wealth index by multiple
correspondence analysis, using variables related to
tangible assets (e.g., radio, motor vehicle, television,
bicycle, telephone), house ownership and characteris-
tics (e.g., number of rooms used for sleeping, persons
per room, window screens, and building materials),
and access to utilities and infrastructure (e.g., source
of water, sanitation facility, and location) (14,15). We
divided the scores into quartiles representing increas-
ing socioeconomic status (SES) as a measure of wealth
throughout the group (14). We performed all analysis
in R version 4.4.3 (The R Project for Statistical Com-
puting, https:/ /www.r-project.org).

Results

Study Population

Of the 1,408 participants included in the study, 323
were from Kisumu (west), 323 from Chulaimbo (west),
299 from Ukunda (coast), and 473 from Msambwe-
ni (coast) (Table 1). The median age of participants
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Table. Characteristics of study sites and participants in study of typhoidal Salmonella in children, Kenya, 2017-2018*
Study site

Characteristic Kisumu, n =323  Chulaimbo, n =323 Ukunda, n =299 Msambweni, n =473 Overall, n = 1,408
Sex

F 173 (54) 146 (45) 166 (56) 225 (48) 719 (51)

M 150 (46) 177 (55) 133 (44) 248 (52) 689 (49)
Age, y

2-5 32 (10) 27 (8) 20 (7) 47 (10) 126 (9)

6-10 140 (44) 146 (46) 138 (46) 227 (48) 651 (46)

11-18 147 (46) 145 (46) 141 (47) 199 (42) 632 (45)

Median (IQR) 10.2 (7.8-12.6) 10.7 (7.8-13.5) 10.5 (7.93-13.1) 10.9 (7.9-13.6) 10.6 (7.8-13.1)
Piped water, n = 1,382 300/303 (>99) 80/300 (26) 275/299 (92) 71/480 (14) 656 (47)
Latrine access, n = 1,371 301/301 (100) 294/300 (98) 296/297 (>99) 193/473 (41) 1,084 (79)
Location West West Coast Coast

*Values are no. (%) except as indicated. IQR, interquartile range.

was 10.6 (interquartile range [IQR] 7.8-13.1) years; the
median age for each specific community was 10.2-10.9
years of age (Table). Wealth distribution and popula-
tion density were higher in Kisumu and Ukunda than
in Chulaimbo and Msambweni (Appendix Tables 1, 2).

Serology Findings

We found higher HIyE IgG levels in the coastal pop-
ulation than the western population (Figures 1, 2).
Median HIyE IgG level in the coastal population was

HIyE IgG
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A

7.73 (IQR 4.10-10.97) ELISA units. Median HIyE IgG
level in the western population was 0.86 (IQR 0.38-
2.73) ELISA units.

The overall seroincidence rate for the Kenya co-
hort was 9.1 (95% CI 8.4-9.8) per 100 person-years.
In the coastal region, the seroincidence rate was 37
(95% CI 33.8-40.5) per 100 person-years, and in the
western region, it was 3.6 per 100 person-years (95%
CI 3.0-4.4). We found no significant difference when
comparing seroincidence rates by age (<10 years or
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Figure 1. Sites used in study of seroincidence
rate of typhoidal Salmonella in children, Kenya,
.~ 2017-2018. The serologic density of HIyE IgG,

B measured in ELISA units, was mapped onto study

( sites. Boxes represent a 100 m x 100 m grid.
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>10 years of age); however, there was a trend of high-
er seroincidence rates in the >10 years group (Figure
3). Piped water, higher wealth, latrine use, and urban
location were associated with lower enteric fever se-
roincidence rates in the coastal region (Figure 4). No
risk factors were significantly associated with seroin-
cidence rates in the western region of Kenya.

Discussion

In this study, we leveraged archived serum samples
from a large arbovirus cohort study in Kenya to ob-
tain population-level enteric fever seroincidence rates
based on HIyE IgG responses. We found an estimated
10-fold higher seroincidence rate of typhoidal Salmo-
nella in the coastal region than the western region.
The enteric fever seroincidence rate we estimated in
coastal Kenya is similar to the rate estimated in Ban-
gladesh, where ongoing blood culture surveillance
for enteric fever has confirmed a high prevalence of
Salmonella Typhi and Paratyphi A (16). The seroinci-
dence rate we estimated in the western region of Ke-
nya is closer to that of Kathmandu, Nepal (5.8/100
person-years), where the typhoid conjugate vaccine
campaign was launched in 2022 (6,16).

The enteric fever seroincidence rates we estimat-
ed (9.1/100 person-years or 9,100/100,000 person-
years overall) exceed those from previous culture-
based studies in the region, for which an incidence
rate of >100/100,000 persons/year is considered
high for typhoid fever. Previous clinical surveil-
lance studies have estimated a range of incidence
with an extrapolated crude incidence of 39,/100,000
persons/year in eastern Africa (17); an adjusted in-
cidence of 284/100,000 person-years of observation
in Kibera, Kenya (3); and an estimated incidence of
620/100,000 person-years in eastern sub-Saharan
Africa (8). We found no direct comparison to clinical
blood culture incidence rates available from Kenya
or East Africa (18). The seroincidence rate we ob-
served in this study is comparable to rates reported
in other regions where typhoidal Salmonella is recog-
nized as a public health concern; vaccination cam-
paigns are targeting those populations. As for many
infectious diseases in sub-Saharan Africa, limited
surveillance data can reduce allocation of resources
to address those problems. We demonstrated a sub-
stantially higher seroincidence of typhoidal Salmo-
nella in western and coastal regions of Kenya than
other areas in the country that might have an unrec-
ognized higher level of exposure. Causes of higher
seroincidence could be the limited availability and
affordability of diagnostics, low sensitivity of cul-
ture, and subclinical infections.

Seroincidence of Typhoid in Children, Kenya
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Figure 2. Antibody response by participant age and location in
study of seroincidence rate of typhoidal Salmonella in children,
Kenya, 2017-2018. Dots represent individual antibody responses,
curves represent smoothed cumulative responses, and gray
shading indicates 95% Cls.

Most typhoidal Salmonella studies evaluate febrile
participants. Because patients can be exposed to Sal-
monella Typhi and Paratyphi without experiencing a
symptomatic infection, the seroincidence rate in those
studies will seem higher than in clinical studies be-
cause they included patients with subclinical infec-
tion otherwise not captured by clinical surveillance
(19). Variable sensitivity in blood culture sampling
and inoculum, especially in young children, could
also cause false negative results. Furthermore, differ-
ences in health-seeking behavior can also account for
delayed symptoms or missed typhoid cases in vari-
ous communities (20-22).

In addition to estimating the population-level
enteric fever seroincidence rate, we explored poten-
tial influence of established risk factors, including
population density, SES, and water, sanitation, and
hygiene measures (23,24). Consistent with previ-
ous studies, we found notable differences in sero-
incidence rates with water access, latrine use, and
overall wealth. In the coastal region, we observed a
trend toward a higher seroincidence rate of enteric
fever associated with lower wealth, lower population
density, and use of nonpiped water. In our study, we
found higher enteric fever seroincidence rates in the
coastal villages than in western villages. When evalu-
ating the source of water, most nonpiped water was
located in the coastal sites, which likely contributed to
the higher levels of typhoidal Salmonella found in the
coastal sites than the western sites. The coastal sites
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also have higher humidity and relative temperature
and longer rainy seasons, which can be associated
with foodborne and waterborne infections (25).

We also noted differences in seroincidence rates
within the coastal sites and in comparison to the west-
ern sites. The less densely populated, less developed,
and effectively rural site of Msambweni on the coast
had the highest seroincidence rate, which deviates
from studies in southern Asia and other parts of the
world where denser populations have been associ-
ated with increased risk for infection. Many of those
densely populated communities often do not have
access to piped water, and residents live in housing
with inadequate sanitation, which is different from
our study sites (26). Msambweni had most of the par-
ticipants of lowest SES from all 4 study sites and like-
ly has multiple factors contributing to increased se-
roincidence rate, including lack of piped water, poor
sanitation, and other environmental factors. Seasonal
outbreaks or community sanitation leakages were
possible but not reported during the study period. In
contrast, we noted no major differences in the west
between the urban center in Kisumu and its rural ad-
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jacent site, Chulaimbo. We attributed that finding to
lower statistical power to detect a difference, given
the low seroincidence rate overall in western sites; an-
other possible cause is the difference in wealth index,
population density, and environmental factors be-
tween the geographic sites. We noted a greater divide
in calculated SES quartiles in the coastal region than
in the west, where the distribution was closer, as was
the calculated seroincidence rate. Last, the differing
climate and susceptibility to flooding on the coast can
also contribute to the higher seroincidence rate found
in the coastal region in this study (27,28).

Our findings demonstrate that the risk for expo-
sure and burden of typhoidal Salmonella is not ho-
mogenous and varies greatly both between regions
and within populations in the same country. Previous
studies have been performed in dense urban slums,
which have specific factors that contribute to propa-
gation of infection (3,29). When comparing urban
and rural settings, the wide variation in living con-
ditions, wealth, and access can influence exposure to
typhoidal Salmonella pathogens. Our surveys did not
capture the possibility of sanitation leakages, which
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can contribute to typhoid exposure. Of note, no major
outbreaks were reported during the study period.
The 2 main risk factors we explored in this study,
water source and latrine access, were also included
in the wealth index calculation and trended in the
same direction as wealth, likely influencing the
trend we identified. In addition, the original study
(10) focused on mosquitoborne infections and did
not include a comprehensive assessment of all the
risk factors associated with enteric fever infection.

Seroincidence of Typhoid in Children, Kenya

For testing, HIyE is expressed by both Salmonella Ty-
phi and Salmonella Paratyphi A; therefore, antibody
responses to the antigen cannot distinguish between
infections caused by these 2 pathogens (2). Although
Salmonella Paratyphi A is a common cause of enteric
fever in Asia, it is considered rare in Africa (30,31).
Although HIyE is also present in the genomes of
Shigella species and Escherichia coli, its expression
during infection with those pathogens likely differs
and may be repressed or disrupted in some lineages
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(32). The sample size might not be sufficient to com-
prehensively represent the greater regions across
Kenya. In addition, although a sample size of
300-400 may be sufficient for calculating the sero-
incidence rate, those estimates are limited when
stratifying by age and other typhoid-associated risk
factors and should be explored further in a larger
study. Furthermore, with random nonstratified sam-
pling, we observed fewer children in the <5 years
age group, which also can influence the overall se-
roincidence rate. Last, the samples were collected
in 2017-2018; the seroincidence rate might have
changed since that time given different seasons, cli-
mate change, drought/flooding, and other factors
like the COVID-19 pandemic, which caused changes
in movement and behavior. More detailed incidence
studies are needed to improve incidence estimates
to reveal the comprehensive burden of infection for
implementation of public health measures and to
determine if the burden remains high in Kenya.

Despite those limitations, our study demon-
strates that the enteric fever seroincidence rate is high
in Kenya, particularly in the coastal region, where
incidence rates were comparable to other highly en-
demic areas for typhoid in Asia (e.g., Dhaka, Bangla-
desh) and >100-fold higher than estimates by blood
culture surveillance. Our findings suggest there is a
role for implementing typhoid conjugate vaccine to
additional populations in coastal and western Kenya,
in addition to the current practice of provide the vac-
cine to high-risk groups.
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