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Background: Typhoid fever remains a significant public health challenge in many 

low- and middle-income countries, particularly in regions with inadequate water, sani-

tation, and hygiene (WASH) infrastructure. The Global Burden of Disease (GBD) 

study estimates that typhoid caused more than 6 million infections and more than 

71,000 deaths globally in 2023. Understanding future trajectories of disease burden is 

essential for guiding public health policy and resource allocation. 

Methods: We extracted age-standardized prevalence rates (ASPR) for typhoid fever 

from the GBD 2023 for both global and Afghanistan-specific estimates, disaggregated 

by sex, from 1990 to 2023. A cubic spline regression model was fitted to historical data 

using a least squares technique and used to project ASPR through 2040. Confidence 

intervals (95% UI) are reported for all estimates. 

Results: In 2023, the global ASPR for typhoid fever stood at 5.34 per 100,000 for both 

sexes combined, with males experiencing a greater burden (5.68 per 100,000) com-

pared to females (4.98 per 100,000). Afghanistan recorded an ASPR of 1.29 per 

100,000 for both sexes. On a global scale, the ASPR is forecasted to fall to 1.68 per 

100,000 by 2040, representing a 68.5% decrease from the 2023 level, whereas Afghan-

istan's ASPR is projected to drop to 0.43 per 100,000, a 67.0% reduction.  

Conclusion: Typhoid fever prevalence is projected to continue its long-term decline 

through 2040 in both global and Afghanistan settings. However, the pace of decline 

may decelerate compared to historical trends, and sex-based differences may persist in 

some settings. Continued investments in WASH infrastructure and accelerated typhoid 

conjugate vaccine introduction are essential to sustain progress. 

 

Keywords: Typhoid fever, Age-standardized prevalence rate, Global Burden of Dis-

ease, Afghanistan, Forecasting, Sex disparity 

 

Introduction 
 

Typhoid fever, caused by Salmonella enterica 

serovar Typhi, is a bacterial infection transmit-

ted through contaminated food and water (1). 

The disease remains a substantial public health 

burden in many low- and middle-income coun-

tries, particularly in South Asia and sub-
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Saharan Africa, where access to safe water and 

adequate sanitation remains limited (2,3). Ac-

cording to the Global Burden of Disease (GBD) 

study 2023, enteric infectious diseases resulted 

in an estimated 1.27 million deaths globally in 

2023, declining from 3.69 million in 1990 (4). 

Typhoid fever alone accounted for more than 6 

million infections and over 71,000 deaths in 

2023 (5). 

The global epidemiology of typhoid fever has 

changed substantially over the past three dec-

ades. Liu and colleagues reported that from 

1990 to 2021, global typhoid new cases de-

creased by 62.12%, with an estimated annual 

percent change of -3.92% (6). Another trend 

analysis from 1990 to 2021 found an EAPC of -

4.15% for typhoid and paratyphoid fever com-

bined (7). These declines have been attributed 

to improvements in water quality, sanitation 

infrastructure, and, more recently, the introduc-

tion of typhoid conjugate vaccines (TCVs) 

(8,9). 

Afghanistan presents a unique case study in ty-

phoid epidemiology. The country has suffered 

decades of military and civil conflict that have 

seriously impaired economic development and 

public health infrastructure (10). Sanitation ac-

cess remains limited, with over 50% of house-

holds lacking access to upgraded sanitation fa-

cilities, and the typhoid vaccine is not currently 

included in Afghanistan's Expanded Program 

on Immunization (EPI) (11,12). Despite these 

challenges, analysis of Afghanistan's Disease 

Early Warning System from 2009 to 2015 

found that rates of typhoid decreased during 

that period, likely tied to improvements in sani-

tation in the country (10). 

Sex differences in typhoid fever burden have 

been documented in previous studies. Research 

using GBD data has found that males have 

higher rates of incidence, mortality, and 

DALYs than females for both typhoid and para-

typhoid fever (6,13). The mortality of enteric 

fever was higher for males than females in both 

1990 (M/F = 1.18) and 2019 (M/F = 1.17) (14). 

However, the reasons for these disparities re-

main incompletely understood and may reflect 

a combination of biological, behavioral, and 

occupational factors (15). 

Given the ongoing changes in typhoid epidemi-

ology and the availability of new tools such as 

TCVs, there is a need for updated forecasts of 

future disease burden to inform policy and re-

source allocation. We aimed to forecast typhoid 

fever prevalence trends from 2024 to 2040 at 

the global level and in Afghanistan, while also 

examining sex-specific differences in disease 

burden. 

 

Methods 
 

Data Sources 

To project the future burden of typhoid fever, 

age-standardized prevalence rates (ASPR) were 

derived from the GBD 2023, which is available 

through the Global Health Data Exchange re-

pository (https://vizhub.healthdata.org/gbd-

results/). Data broken down by sex for both Af-

ghanistan and the global population, covering 

the period from 1990 to 2023, were retrieved 

for analysis. Within the GBD 2023 framework, 

enteric fever  comprising typhoid and paraty-

phoid  was classified under enteric infectious 

diseases.  

Modeling Approach 

A cubic spline regression model was employed 

to forecast the future trend of typhoid fever 

prevalence. The model was calibrated using 

historical data from 1990 to 2023, with a least 

square method applied to reduce error. Once 

fitted, this model was utilized to project ASPR 

values out to the year 2040. All estimates are 

accompanied by 95% confidence intervals 

(CIs). The cubic spline technique was chosen 

for its ability to flexibly capture nonlinear pat-

terns while guarding against overfitting, render-

ing it well-suited for extrapolating epidemio-

logical time-series data. 
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Results 
 

Global and Afghanistan Burden in 2023 

In 2023, the global ASPR for typhoid fever was 

5.34 per 100,000 for both sexes combined. A 

notable sex disparity was observed, with males 

bearing a higher burden (5.68 per 100,000) 

compared to females (4.98 per 100,000). Af-

ghanistan, a country with longstanding chal-

lenges in water and sanitation infrastructure, 

reported lower rates than the global average. 

The ASPR in Afghanistan was 1.29 per 

100,000 for both sexes, with males again show-

ing higher rates (1.38 per 100,000) than females 

(1.20 per 100,000) (Table 1). 

 

 

 
Table 1: Projected age-standardized prevalence rate (ASPR) of typhoid fever globally and in Afghanistan from 

2024 to 2040 

 
Sex Country/Region 2024 2025 2030 2035 2040 1990 vs. 

2023(%) 

2023 vs. 

2040(%) 

Both Global 4.37 

(4.27-

4.47) 

4.06 

(3.95-

4.18) 

2.82 

(2.68-

2.98) 

1.96 

(1.81-

2.12) 

1.36 

(1.23-

1.51) 

-81.8 -71.9 

 
Afghanistan 1.51 

(1.49-

1.53) 

1.41 

(1.39-

1.43) 

0.99 

(0.96-

1.02) 

0.69 

(0.66-

0.73) 

0.49 

(0.46-

0.52) 

-82.5 -69.9 

Female Global 3.98 

(3.88-

4.07) 

3.68 

(3.58-

3.79) 

2.52 

(2.38-

2.66) 

1.72 

(1.58-

1.87) 

1.18 

(1.05-

1.31) 

-82.0 -73.5 

 
Afghanistan 1.43 

(1.40-

1.46) 

1.34 

(1.30-

1.38) 

0.96 

(0.90-

1.01) 

0.68 

(0.63-

0.74) 

0.49 

(0.44-

0.54) 

-82.5 -67.7 

Male Global 4.76 

(4.66-

4.87) 

4.44 

(4.32-

4.56) 

3.13 

(2.97-

3.29) 

2.20 

(2.04-

2.38) 

1.55 

(1.40-

1.72) 

-81.5 -70.4 

 
Afghanistan 1.59 

(1.58-

1.61) 

1.48 

(1.46-

1.49) 

1.02 

(1.00-

1.04) 

0.71 

(0.69-

0.73) 

0.49 

(0.47-

0.51) 

-82.6 -71.6 

 

Historical Trends (1990–2023) 

From 1990 to 2023, the global ASPR for ty-

phoid fever declined substantially. For both 

sexes combined, the global ASPR fell by 78.1% 

over this period. Afghanistan demonstrated a 

similarly steep declining trend, with a historical 

decline of 82.7% for both sexes from 1990 to 

2023, slightly larger than the global figure. 

These declines reflect sustained improvements 

in water quality, sanitation infrastructure, and, 

more recently, vaccination efforts. 

 

 

 

 

Projected Trends (2024–2040) 

Global Trends 

Globally, typhoid fever prevalence is projected 

to decline further through 2040, continuing the 

steep historical decline observed from 1990 to 

2023 (Figure 1A-C). From the 2023 baseline of 

5.34 per 100,000, the ASPR for both sexes is 

forecast to drop to 1.68 (95% CI: 1.50–1.89) in 

2040, representing an additional 68.5% reduc-

tion from 2023 levels. This downward trajecto-

ry is consistent across both sexes. Females are 

projected to decline from 4.98 per 100,000 in 

2023 to 1.47 (95% CI: 1.30–1.65) in 2040, 

while males decline from 5.68 to 1.90 (95% CI: 

1.69–2.12) over the same period. The male-to-
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female disparity persists throughout the projec-

tion horizon, with males consistently maintain-

ing a higher prevalence. (Figure 1B & C). 

 

 
Figure 1: Observed and projected age-standardized prevalence rate (ASPR) of typhoid fever, 1990–2040 global-

ly and in Afghanistan by (A) both sex, (B) female, and (C) male. Solid lines represent observed data (1990–

2023); dashed lines represent projected data (2024–2040). Shaded areas indicate 95% confidence intervals. Data 

source: GBD 2023; data analyzed by the authors 

 

Afghanistan Trends 

Afghanistan demonstrates a similarly steep de-

clining trend, albeit from a lower baseline. 

From the 2023 baseline of 1.29 per 100,000, the 

ASPR for both sexes is forecast to fall to 0.43 

(95% CI: 0.42–0.43) in 2040, a reduction of 

67.0% from 2023. Females in Afghanistan are 

projected to decline from 1.20 per 100,000 in 
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2023 to 0.42 (95% CI: 0.39–0.44) in 2040, 

while males decline from 1.38 to 0.43 (95% CI: 

0.43–0.44). Notably, by 2040, the projected 

prevalence for both sexes in Afghanistan con-

verges to approximately 0.43 per 100,000, with 

overlapping confidence intervals suggesting a 

potential elimination of sex-based differences 

by the end of the projection period. 

 

Discussion 
 

We aimed to forecast typhoid fever prevalence 

trends from 2024 to 2040 at the global level and 

in Afghanistan, while also examining sex-

specific differences in disease burden. The key 

finding is that typhoid fever prevalence is pro-

jected to continue its long-term decline through 

2040 in both settings, with an additional 65–

70% reduction from 2023 levels. The global 

both-sex prevalence rate is expected to fall 

from 5.34 per 100,000 in 2023 to 1.68 per 

100,000 in 2040, while in Afghanistan it is pro-

jected to drop from 1.29 to 0.43 per 100,000 

over the same period. A consistent sex disparity 

was observed, with males bearing a higher bur-

den than females across both geographic re-

gions in 2023. However, in Afghanistan, this 

sex gap is projected to converge by 2040, 

whereas globally the male predominance is 

forecast to persist. These findings confirm that 

while substantial progress in typhoid control is 

anticipated, the pace of decline may slow com-

pared to historical trends, and sex-based differ-

ences in disease burden may not be uniformly 

eliminated across all settings. 

Our findings align with recent GBD studies that 

have documented declining typhoid fever 

trends globally (4,6,7). A recent study reported 

that from 1990 to 2021, global typhoid new 

cases decreased by 62.12%, with an estimated 

annual percent change of -3.92% (6). Similarly, 

another trend analysis from 1990 to 2021 found 

an EAPC of -4.15% for typhoid and paraty-

phoid fever combined (7). The GBD 2023 study 

documented those enteric infectious diseases 

resulted in 1.27 million deaths globally in 2023, 

declining from 3.69 million in 1990, with the 

global age-standardized mortality rate decreas-

ing from 74.1 to 16.4 per 100,000 population 

during the same period (4). Our study extends 

these observations by forecasting continued de-

clines through 2040, with global both-sex prev-

alence falling by an additional 68.5% from 

2023 levels. However, our projected reductions 

from 2023 onward (approximately two-thirds) 

are somewhat lower than the historical reduc-

tions observed from 1990 to 2023 (approxi-

mately 78–83%). This deceleration is consistent 

with the phenomenon of diminishing returns, 

where early gains from basic sanitation im-

provements and vaccination campaigns are fol-

lowed by a slower decline as remaining cases 

become concentrated in harder-to-reach popula-

tions (4). 

The sex disparity observed in our study with 

males consistently showing higher typhoid 

prevalence rates than females globally corrobo-

rate findings from major GBD analyses (6,13). 

For typhoid fever, males had higher rates of 

incidence, mortality, and DALYs than females, 

although among older patients the absolute 

number of new cases and DALYs was higher in 

women (6). The mortality of enteric fever was 

higher for males than females in 1990 (M/F = 

1.18) and 2019 (M/F = 1.17) (14). The higher 

typhoid burden observed in males is likely 

driven by multiple factors. A retrospective 

study conducted in South Africa reported that 

intestinal perforation and occult blood loss were 

more common among male patients, whereas 

females tended to present with more severe ill-

ness at the time of hospital admission and ex-

hibited higher frequencies of typhoid-related 

hepatitis and glomerulonephritis  (16). These 

differences may reflect sex-based variations in 

host immune responses to S. typhi infection, as 

well as potential differences in exposure risk 

related to occupational and behavioral factors 

(15,17). Notably, a review on sex bias in infec-

tious disease epidemiology suggested that no 
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clear pattern is evident for typhoid fever, and 

behavioral factors likely modulate male-female 

differences (15). Our finding that sex disparities 

persist globally through 2040 suggests that un-

derlying exposure differences may not be fully 

eliminated by broad public health improve-

ments alone. 

Our work offers novel projections specifically 

for Afghanistan, a country with limited typhoid 

fever data. An evaluation of the nation's Dis-

ease Early Warning System from 2009 to 2015 

indicated falling rates of meningitis, typhoid, 

and acute viral hepatitis during that time, which 

was probably driven by ongoing improvements 

in sanitation throughout Afghanistan  (10). 

However, the typhoid vaccine is not currently 

included in Afghanistan's Expanded Program 

on Immunization (EPI), and the country contin-

ues to face substantial challenges in public 

health infrastructure, including limited sanita-

tion access and high rates of internal displace-

ment (11,12). Our projection that Afghanistan's 

both-sex prevalence will fall to 0.43 per 

100,000 by 2040 represents a 67.0% reduction 

from 2023 levels. Notably, the sex disparity in 

Afghanistan, males 1.38 versus females 1.20 

per 100,000 in 2023 is projected to converge by 

2040 (both approximately 0.43 per 100,000, 

with overlapping confidence intervals). This 

convergence may reflect the fact that as overall 

disease burden declines, absolute sex differ-

ences become negligible at very low prevalence 

levels, or it may indicate that in highly re-

source-constrained settings, transmission is 

more generalized across the population than in 

higher-burden settings where sex-specific risk 

behaviors maintain a persistent gap (15). 

The projected declines in typhoid burden 

through 2040 are plausibly attributable to ongo-

ing improvements in water, sanitation, and hy-

giene (WASH) infrastructure, as well as the ex-

panding rollout of TCVs (8,9). The WHO rec-

ommends the introduction of TCV as part of a 

comprehensive approach to disease control in 

countries with a high burden (18). A systematic 

review and meta-analysis demonstrated that the 

pooled efficacy of a single dose of TCV at 2 

years post-immunization was 83% (77-87%; 

four trials; 111,130 participants; I² 0%; moder-

ate certainty) (19). TCVs have high-level effi-

cacy (≥80%) against typhoid fever in diverse 

field settings (9,19). Global TCV introduction 

campaigns have now reached millions of chil-

dren worldwide, and vaccine demand forecasts 

predict that Asian countries will generate most 

demand until 2030, after which demand will 

track birth cohorts (20). However, only a lim-

ited number of countries have added TCVs to 

their national immunization programs to date, 

highlighting the need for accelerated vaccine 

rollout to achieve the projected reductions ob-

served in our study (12,20). 

Despite the encouraging projections, this study 

has several limitations. First, the forecasts are 

based on extrapolation of historical trends and 

assume that past drivers of decline such as im-

provements in sanitation, water quality, and 

vaccination coverage continue at similar rates. 

Unforeseen events, including the emergence of 

antimicrobial-resistant S. typhi strains, climate 

change affecting waterborne transmission pat-

terns, or political instability disrupting health 

services in countries like Afghanistan, could 

substantially alter these trajectories (21). Sec-

ond, spline-based projections, while flexible for 

capturing smooth long-term trends, may not 

adequately account for abrupt shocks such as 

sudden disease outbreaks, population displace-

ment due to conflict, migration patterns, cli-

mate-related extreme events, or changes in sur-

veillance quality and reporting completeness all 

of which could introduce unmodeled variability 

and affect forecast accuracy. Third, the Afghan-

istan estimates may suffer from underreporting 

due to limited surveillance infrastructure and 

incomplete health facility coverage in rural and 

conflict-affected areas, potentially biasing base-

line rates downward and affecting forecast ac-

curacy (10). Fourth, the confidence intervals for 

2040 projections widen considerably, reflecting 
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increasing uncertainty over longer forecast ho-

rizons. Fourth, our analysis did not account for 

age-specific patterns, which are particularly rel-

evant given that children bear the highest bur-

den of typhoid fever in endemic regions (3,6). 

Fifth, the potential impact of serotype replace-

ment or the emergence of paratyphoid fever as 

a competing cause of enteric fever was not 

modeled (22). Finally, we did not incorporate 

the potential effects of future climate change on 

waterborne disease transmission or the dynamic 

interplay between antimicrobial resistance and 

treatment efficacy (21). 

To our knowledge, this is the first study to pro-

vide sex-disaggregated forecasts of typhoid fe-

ver prevalence from 2024 to 2040 at both the 

global level and for Afghanistan, offering a 

unique contribution to the typhoid epidemiolo-

gy literature. The study's strengths include the 

use of recent GBD-aligned data, separate anal-

yses for males and females to elucidate sex dis-

parities, and the inclusion of both global and 

country-specific projections to inform targeted 

public health interventions. 
 

Conclusion 
 

Typhoid fever prevalence is projected to con-

tinue its long-term decline through 2040 at both 

the global level and in Afghanistan. The global 

ASPR is expected to fall by an additional 

68.5% from 2023 levels, while Afghanistan is 

projected to experience a 67.0% reduction. 

However, the pace of decline may decelerate 

compared to historical trends, and sex-based 

differences may persist in some settings. Sus-

tained investments in water, sanitation, and hy-

giene infrastructure, coupled with accelerated 

introduction of typhoid conjugate vaccines, are 

essential to achieve and maintain these project-

ed reductions. Particular attention should be 

paid to hard-to-reach populations, conflict-

affected areas, and settings where sex-based 

disparities in disease burden remain pro-

nounced. Continued surveillance and regular 

updating of forecasts will be critical to monitor 

progress and adapt strategies as new challenges 

emerge. 
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