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ABSTRACT

Background. While typhoid conjugate vaccines (TCV) offer promise for reducing risk in
endemic settings, their population-level impact remains unclear. In 2022, Nepal introduced TCV
nationally on the heels of the COVID-19 pandemic, which disrupted healthcare services,
surveillance, and potentially typhoid transmission dynamics, complicating vaccine impact
evaluation. We investigated the impact of TCV introduction amid shifting typhoid burden during

the pandemic.

Methods. We analyzed blood culture data from four Kathmandu Valley health facilities,
comparing culture positivity for Salmonella Typhi across three periods: pre-pandemic (January
2018-March 2020); pandemic, pre-vaccine introduction (April 2020-April 2022); post-vaccine
introduction (May 2022-April 2024). We used multivariable logistic regression to assess S.
Typhi positivity, adjusting for month and site, stratified by TCV-eligible children and older,
TCV-ineligible populations.

Results. Between January 2018 and April 2024, 62,236 blood cultures were performed. S. Typhi
blood culture positivity decreased from 2.11% pre-pandemic to 0.59% during the pandemic (p <
0.001) and remained low at 0.69% after TCV introduction. Among TCV-eligible children (15
months to 15 years), odds of S. Typhi positivity during the pandemic were 47% lower than the
pre-COVID period (aOR 0.53, 95% CI 0.29-0.90) and continued to decrease by 76% post-TCV
introduction (aOR 0.24, 95% CI 0.10-0.55). In contrast, among vaccine-ineligible individuals
(>16 years), odds of positivity during the pandemic were 78% lower than the pre-COVID period
(aOR 0.22, 95% CI 0.16-0.30) but increased by 59% following TCV rollout (aOR 1.59, 95% CI

1.13-2.27). Sensitivity analyses restricted to pathogen-positive cultures yielded similar results.

Conclusion. S. Typhi blood culture positivity declined sharply during the pandemic before TCV
introduction. The subsequent rollout of TCV substantially reduced typhoid burden in vaccine-
eligible children; however, rising cases among older, vaccine-ineligible populations following
the relaxation of pandemic measures highlights the need for additional control measures such as

improved water and sanitation infrastructure and broader age eligibility for typhoid vaccination.
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AUTHOR SUMMARY

Typhoid fever is a serious illness caused by bacteria that spread through contaminated food and
water. In 2022, Nepal introduced a new typhoid vaccine for children, just as the country was
recovering from the COVID-19 pandemic. The pandemic transformed how people accessed
healthcare and may have also affected how typhoid spread. We wanted to understand how both
the pandemic and the vaccine rollout influenced typhoid infections over time. Using results from
four hospitals in the Kathmandu Valley between 2018 and 2024, we compared the number of
typhoid cases before the pandemic, during the pandemic before typhoid vaccine introduction,
and after typhoid vaccine introduction. We found that typhoid cases dropped sharply during the
pandemic, even before the typhoid vaccine introduced. After the vaccine was introduced, typhoid
continued to decline in children who were eligible for the vaccine. However, cases increased in
people who were not vaccinated. Our findings show that the vaccine helped protect the age group
that received it, but highlights the need for additional interventions such as improvements to
sanitation and clean water infrastructure, and expanding vaccine access to more age groups to

control typhoid in the future.
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89 INTRODUCTION

90 Typhoid is a life-threatening systemic infection caused by Salmonella enterica serovar

91  Typhi (S. Typhi), which caused an estimated 7 million illnesses and 93,300 deaths globally in

92 2021!. The majority of cases and deaths occur in low- and middle-income countries (LMICs) in

93  setting with limited access to clean water, poor sanitation, and overcrowded living conditions. In

94 2018, the World Health Organization recommended that countries with a high burden of typhoid

95 introduce typhoid conjugate vaccines (TCVs)?, which have demonstrated high efficacy in

96 randomized trials*>>. Several countries have now introduced typhoid conjugate vaccines (TCVs)

97  into national immunization programs. However, the population level impact of such introductions

98 isnot yet clear.

99 Nepal is a high typhoid burden country, with estimated incidence between 250 and 1000
100  cases annually per 100,000 persons®’. One of the pivotal Phase 3 trials assessing the effectiveness
101 of TCVs was completed in Lalitpur, in the Kathmandu Valley® and on April 13, 2022, Nepal
102  became the fourth country in the world to introduce TCVs nationally. The TCV roll-out began
103  with a campaign targeting children aged 15 months to 15 years and was followed by introduction
104  into the routine immunization program alongside the second dose measles and rubella (MR)
105  vaccine at 15 months®. The catch-up campaign was estimated to have achieved greater than 90%
106  coverage nationally®.

107 In the two years prior to Nepal’s introduction of TCV, the COVID-19 pandemic impacted
108  the country’s health services and disease surveillance systems. Mitigation measures including
109  lockdowns, control of public gatherings, and closures of educational institutions and public spaces
110  (restaurants, malls, etc.) may have altered transmission patterns of many pathogens beyond SARS-
111 CoV-2, including typhoidal Salmonella. Reductions in enteric disease notifications during the

10-17 Distinguishing reductions in

112 COVID-19 pandemic have been reported in several countries
113  infections from declines in notifications due to altered health care-seeking behaviors or weakening
114  of surveillance systems can be difficult. In this context, understanding the impact of TCV
115  introduction on typhoid incidence requires careful analysis.

116 In Nepal, the Surveillance for Enteric Fever in Asia Project (SEAP) performed systematic
117  surveillance for typhoid at multiple hospitals in and around the Kathmandu Valley from 2016 -
118 2024° We leveraged this system to investigate the impact of TCV introduction amid changing

119  typhoid burden during the COVID-19 pandemic. This study provides a unique opportunity to
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120  assess typhoid trends over a seven-year period encompassing the pre-pandemic, pandemic, and
121  post-vaccine introduction phases, using comprehensive blood culture surveillance data from
122 multiple healthcare facilities in and nearby the Kathmandu Valley.

123

124 METHODS
125  Study Design and Sites

126 The SEAP study conducted surveillance for enteric fever at 23 hospitals and clinics in
127  and around the Kathmandu Valley of Nepal, as previously described.® For this sub-study, we

128  included four sites that participated in SEAP since its inception in September 2016. The first site,
129  Dhulikhel Hospital Kathmandu University Hospital, located in Kavrepalanchowk, a peri-urban
130  area 30 km from the Kathmandu Valley, served as a prospective surveillance site. The second
131  site, Kathmandu Model Hospital, is located in urban Kathmandu; it served as a retrospective

132 surveillance site from September 2016 and a prospective surveillance site from October 2020
133  onward. For prospective surveillance, patients with fever lasting 3 or more days within the past 7
134  days prior to hospital presentation who resided in predefined catchment areas, or inpatients

135  clinically suspected of enteric fever, were enrolled. Demographic and clinical data were obtained
136  through structured questionnaires and blood cultures were performed to identify typhoidal

137  Salmonella or other pathogens. Additionally, retrospective enrollment included all Sa/monella-
138  positive cases identified in the hospital laboratory. The final two sites, located in the urban area
139  of the Kathmandu Valley, are Helping Hands Hospital and Bir Hospital (Figure 1). These sites
140  were retrospective surveillance sites, where individuals with culture-confirmed enteric fever

141 were enrolled after the results of their cultures were available, typically within 1-2 weeks.
142 Data Collection

143 We collected data on all blood cultures performed and their results from October 2016
144 through April 2024 across four SEAP study sites. Additionally, we gathered age and gender data
145  of all participants who underwent blood culture testing at these sites, along with their culture

146  outcomes, starting in January 2018. The isolation and identification of Sa/monella and other

147  bacteria were done using standard blood culture techniques in accordance with CLSI guidelines

148 20208, Other bacteremia was defined as blood cultures from which one or more of the following


https://doi.org/10.1101/2025.06.17.25329748
http://creativecommons.org/licenses/by/4.0/

149
150
151
152
153
154
155
156
157

medRxiv preprint doi: https://doi.org/10.1101/2025.06.17.25329748; this version posted June 18, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

organisms was isolated: Escherichia coli, Acinetobacter spp., Staphylococcus aureus,
Enterococcus spp., Klebsiella pneumoniae, Klebsiella oxytoca, Pseudomonas aeruginosa,
Citrobacter spp., Burkholderia spp., Haemophilus influenzae, Morganella morganii,
Streptococcus pyogenes, Streptococcus pneumoniae, Viridians group Streptococci, Proteus spp.,
Enterobacter spp., or Neisseria meningitidis. Organisms such as Coagulase Negative
Staphylococci (CoNS), aerobic bacilli, or Micrococcus spp. were considered contaminants. Daily
COVID-19 case data were obtained from Our World in Data, which sources data from the World
Health Organization!®. Individual-level data on typhoid vaccine receipt were not available for the

majority of participants in this study.
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158  Fig 1. Location of study sites in and around the Kathmandu Valley, Nepal.
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160  Data Analysis
161 We analyzed the monthly trends in blood cultures, S. Typhi cases, and other bacteremia

162  from January 2018 to April 2024. Nepal implemented a first nationwide lockdown from March
163 24, 2020 through July 21, 2020 to contain the transmission of the SARS-CoV-2 infections and
164  prepare the health care system to respond to the COVID-19 pandemic. Similarly, a second

165  lockdown was imposed on April 29, 2021 until September 1, 2021, following the surge in cases
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166  during the second wave of the pandemic?*2!. During these lockdowns, all travel was restricted,
167  and all borders and non-essential services were closed.

168 We reported trends in blood cultures performed, S. Typhi cases, other bacteremia cases
169  and blood culture positivity for S. Typhi and other bacteria across three distinct periods: before
170  the COVID-19 pandemic (January 2018 to March 2020); during the pandemic and prior to TCV
171  introduction (April 2020 to April 2022); post-TCV introduction (May 2022 to April 2024).

172 Because 2018 had an unusually high number of S. Typhi cases, we included data from October
173 2016 onwards in the visualization to better reflect the baseline trend in cases; however, complete
174  individual-level data were only available from 2018 onward, and these data were used for

175  subsequent analyses.

176 We fit multivariable logistic regression models to estimate associations between study
177  period and S. Typhi positivity assuming a binomial distribution. Models included fixed effects
178  for month, study site, and study period. We performed the analyses using all blood cultures and a
179  sensitivity analysis among those containing a bacterial pathogen, the latter to account for

180  possible differences in how blood cultures were utilized during the study period. Regression

181  analyses were performed using R (version 4.4.1)*2. The analysis was stratified by age groups of
182 15 months to 15 years (age-eligible for typhoid vaccination) or 16 years and older (not eligible
183  for vaccination), based on age at the start of the TCV introduction in April 2022.

184  Ethical considerations

185 This study received ethical approval from institutional review boards at Stanford
186  University, Nepal Health Research Council, and Kathmandu University School of Medical
187  Sciences. Written informed consent was obtained from participants or their guardians prior to

188  study enrollment.
189 RESULTS

190 A total of 62,236 blood cultures were performed across four sites during the study period
191  of January 2018 to April 2024. Of these, 31,307 (50.3%) were performed pre-pandemic (January
192 2018 to March 2020), 10,051 (16.1%) were performed during the pandemic (April 2020 to April
193  2022), and 20,878 (33.6%) were performed post-TCV introduction (May 2022 to April 2024).
194  Among the participants, 46.3% (28817/62236) were female. The majority of participants (87%)
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195  were ages 16 or older (Table 1). Overall, 3.5% (2216/62236) cultures were positive for a

196  pathogen. S. Typhi was the most common pathogen identified with 865 cases (39% of blood

197  cultures with a pathogen), followed by Acinetobacter spp (n=346), Escherichia coli (n=326) and
198  §. Paratyphi (n=155).

199

200 Table 1. Demographic characteristics and blood culture outcomes by study period among
201  individuals with blood cultures (N = 62,236).

Pre-pandemic Pandemic Post-TCV
N=131307 N=10051 N =20878
Blood Culture Result
Salmonella Typhi 662 (2.11%) 59 (0.59%) 144 (0.69%)
Other pathogenic bacteria* 630 (2.01%) 249 (2.48%) 472 (2.26%)
Age Group
15 months to 15 years 4363 (13.94%) 1031 (10.26%) 2557 (12.25%)
16 years or older 26944 (86.06%) 9020 (89.74%) 18321 (87.75%)
Sex
Female 14941 (47.72%) 4258 (42.36%) 9618 (46.07%)
Site
Bir Hospital 9393 (30%) 3453 (34.35%) 6811 (32.62%)
Dhulikhel Hospital 11252 (35.94%) 3872 (38.52%) 6356 (30.44%)
Helping Hands Hospital 4076 (13.02%) 1496 (14.88%) 2505 (12%)
Kathmandu Model Hospital 6585 (21.04%) 1230 (12.24%) 5206 (24.94%)

202  *Other pathogenic bacteria were those determined to be probable pathogens and included Acinetobacter spp.,
203  E. coli, S. Paratyphi A, Klebsiella spp., Staphylococcus aureus, and other organisms. TCV: Typhoid conjugate
204  vaccine, Pre-pandemic: January 2018 to March 2020, Pandemic: April 2020 to April 2022, Post-TCV: May
205 2022 to April 2024.

206

207 Blood culture testing exhibited a seasonal pattern, with higher numbers of testing during
208  the summer (rainy season) and lower numbers of testing during the winter. A sharp decline in the
209  number of blood cultures performed was observed during the COVID-19 pandemic (from a

210 mean of 1,663 per month to 670 per month across sites), followed by gradual recovery toward

211 pre-pandemic levels (Figure 2). The trend of other bacteremia cases followed a very similar
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212 temporal pattern to blood culture testing, including a decline during the COVID-19 pandemic
213 (from a mean of 23 per month to 10 per month across sites) and a subsequent increase. Before
214  the pandemic, S. Typhi cases peaked during the summer season and declined from October to
215  January. However, after the onset of COVID-19 pandemic, the expected peak in the summer
216  months was absent, and case numbers remained low throughout the pandemic and continued to
217  remain low after the introduction of the TCV vaccine, despite the gradual increase in blood

218  culture testing (Figure 2).

219

220  Fig 2. Trends of COVID-19 cases, blood culture testing, Salmonella Typhi cases, and other
221 Dbacteremia cases (2016-2024). The gray shaded areas reflect the time periods of the COVID-19
222 related lockdowns in Nepal.
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223

224 Before the pandemic, 2.11% (662/31307) of blood cultures were positive for S. Typhi,
225  which decreased to 0.59% (59/10051) during the pandemic and continued to be low at 0.69%
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226 (144/20878) following TCV introduction. In contrast to the decline in S. Typhi positivity,

227  positivity for other pathogenic bacteria increased slightly during the pandemic (2.49%) compared
228  to pre-pandemic (2.01%) and remained slightly higher (2.26%) during the period post-TCV

229  introduction compared to the pre-pandemic period. S. Paratyphi A cases followed a similar trend
230  to S. Typhi, decreasing from 0.41% (128/31307) pre-pandemic to 0.08% (8/10051) during the
231  pandemic, and remained low at 0.09% (19/20878) post-TCV introduction (Table 1).

232 Among children ages 15 months to 15 years, the odds of blood cultures testing positive
233 for S. Typhi during the pandemic were 47% lower (aOR 0.53, 95% CI 0.29-0.90) than the pre-
234 pandemic period. After TCV introduction, compared the pandemic period, the odds of culture
235  positivity for S. Typhi further decreased by 76% (aOR 0.24, 95% CI 0.10-0.55). For participants
236 16 years and older, the odds of blood cultures testing positive for S. Typhi during the pandemic
237 were 78% lower (aOR 0.22, 95% CI 0.16-0.30) than the pre-pandemic period. However, the odds
238  of S. Typhi culture positivity were 59% higher (aOR 1.59, 95% CI 1.13-2.27) following TCV
239  introduction for this age group compared to the pandemic period (Table 2).

240

241 Table 2. Multivariate logistic regression analysis of Sa/lmonella Typhi blood culture positivity by
242 study period and age group.

Denominator: All blood cultures

aOR 95% CI
15m-15y  Pandemic v. Pre-pandemic 0.53 0.29-0.90 ——
Post-TCV v. Pandemic 0.25 0.11-0.55 ——

>16y Pandemic v. Pre-pandemic 0.23 0.17-0.31 ro-
Post-TCV v. Pandemic 1.59 1.14-2.27

Denominator: Blood cultures containing any pathogen
aOR 95% CI

15m-15y  Pandemic v. Pre-pandemic 0.49 0.18-1.28 -

Post-TCV v. Pandemic 0.29 0.05-1.36

>16y Pandemic v. Pre-pandemic 0.14 0.09-0.20 e
Post-TCV v. Pandemic 2.00 1.33-3.06

0.0 0.5 1.0 1.5 2.0 2.5 3.0
243 Abbreviations: aOR, Adjusted Odds Ratio (adjusted for month and study site), CI, Confidence Interval, Pre-
244  pandemic: January 2018 to March 2020, Pandemic: April 2020 to April 2022, Post-TCV: May 2022 to April
245 2024, m, Months, y, Years.
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246

247 In sensitivity analysis, when restricting the analysis to blood cultures containing any

248  pathogen, the results were similar. The odds of blood culture positivity for S. Typhi were 51%
249  lower (aOR 0.49, 95% CI 0.17-1.28) in those ages 15 months to 15 years and 86% lower (aOR
250  0.14, 95% CI 0.09-0.20) in those 16 and older during the pandemic compared to the pre-

251  pandemic period. After TCV introduction, compared to the pandemic period, the odds of culture
252 positivity were 71% lower (aOR 0.29, 95% CI 0.05-1.35) in those ages 15 months to 15 years
253  and 100% higher (aOR 2.00, 95% CI 1.33-3.06) in those 16 years and older (Table 2).

254  DISCUSSION

255 While clinical trials demonstrated that TCVs are highly efficacious in preventing typhoid
256  fever in those who receive them, understanding their population-level impact following

257  introduction into national immunization programs is critical. The COVID-19 pandemic disrupted
258  healthcare-seeking behavior, disease surveillance and possibly transmission patterns of

259  Salmonella Typhi, complicating efforts to evaluate the impact of TCV introductions. Through
260  systematic surveillance spanning the pre-pandemic, pandemic, and post-TCV introduction

261  periods in Nepal, we found a sharp decline in the number of blood cultures and blood culture—
262  confirmed typhoid cases before TCV rollout during the pandemic, likely reflecting effects of
263  pandemic control measures on typhoid epidemiology and healthcare utilization. After

264  introduction of vaccination, blood culture positivity for S. Typhi continued to significantly

265 decrease in the younger age group, whereas in those ages 16 years and above, positivity

266  increased after TCV rollout. Taken together, these findings indicate that TCV introduction

267  reduced typhoid burden in the age-eligible population, but that disease burden is rebounded in
268  older age groups following relaxation of COVID-19 measures.

269 The decline in the total number of blood cultures performed during the COVID-19

270  pandemic is likely a result of several factors, including reduced hospital visits due to travel

271  restrictions, fear of nosocomial COVID-19 transmission, redirection of laboratory resources
272 towards COVID-19 testing and modifications in clinical practice, such as empiric management
273 to reduce movement of febrile patients in the hospital.>* As the pandemic waned, the total

274  number of blood cultures performed gradually recovered but remained below pre-pandemic
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275  levels. A similar pattern of decline during COVID-19 restrictions, followed by a return to pre-

276  pandemic levels, were observed in Bangladesh and Pakistan.*

277 The trend of blood cultures positive for bacterial pathogens other than S. Typhi closely
278  mirrored the trend of blood culture testing. The identification of other bacteremia was similar in
279  pre-COVID, during COVID and post-vaccination periods, suggesting that the reductions in

280  blood culture utilization were not driven primarily by alterations in typhoid epidemiology, but

281  rather in overall reductions in healthcare utilization.

282 S. Typhi positivity among blood cultures declined after the onset of the pandemic and

283  Dbefore the introduction of vaccine in both the younger age group eligible for the TCV vaccine as
284  well as the older age group who was not eligible. Moreover, there were larger decreases in the
285  older age group in comparison to the younger age group. During the COVID-pandemic,

286  improved hygiene behavior and practices may have contributed to reduced transmission of other
287  pathogens including S. Typhi?>?®. Additionally, pandemic-era social restrictions limited eating or
288  drinking outside of the home, thereby decreasing exposure to S. Typhi. It is possible that older
289  individuals were more likely to be exposed to S. Typhi outside the household in the pre-

290  pandemic period, as they are more likely to eat at restaurants or consume street food, and that the
291  reduction in this exposure caused greater reductions in typhoid risk. Similar declines in S. Typhi
292 blood culture positivity during the COVID-19 pandemic were observed in Pakistan?’ and

293  Bangladesh?*. Reductions in reported cases of other enteric infections during COVID-19 have
294  been observed in the United States!?, Israel'®, England?®, China!’, Spain'4, Taiwan'>, and Japan'S.
295  However, in Madagascar, delays in seeking care led to a surge of typhoid intestinal perforation

296  cases®.

297 In Nepal, after the introduction of TCV, typhoid positivity further decreased in the

298  vaccine-eligible age group while it increased in the ineligible age group. While three randomized
299  controlled trials and several observational studies have demonstrated TCVs to be highly effective
300 at preventing typhoid fever among recipients®®, one cluster-randomized trial did not show clear
301  evidence of indirect effects*. In the present study, although S. Typhi culture positivity declined in
302 the vaccine eligible population following TCV introduction, it increased in older, vaccine-

303 ineligible age groups during the post-COVID-19 period, when non-pharmaceutical pandemic

304 interventions were scaled back and social activities started to return to pre-COVID patterns.
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305  While this pattern does not exclude the possibility that indirect effects blunted the increase in the
306 unvaccinated individuals, it does not provide evidence for effects in this age group and does

307  highlight the ongoing risk that this group faces in typhoid-endemic settings.

308 This study has several limitations. First, TCV vaccination status of the participants was
309 not available for the vast majority of participants, precluding analysis of the direct effects of

310 TCV on typhoid risk. This is particularly important as, to date, there are no published data on the
311  clinical effectiveness of the TYPHIBEV (Vi-CRM197) vaccine, which was the TCV introduced
312 in Nepal. A separate, smaller sub-study is being performed to evaluate the effectiveness of this
313 vaccine in Nepal. Second, antibiotic use prior to presentation to the study facilities might have
314  varied over the study periods and could have influenced blood culture sensitivity; however, we
315  did not find differences in self-reported antibiotic utilization over the study period®*. Third, S.
316  Typhi cases were unusually high in 2018 compared with prior years, such that the decline during
317 and after 2020 was accentuated; nevertheless, compared with data from earlier years (Figure 1),
318 . Typhi cases were still markedly lower during the COVID-19 period. Lastly, S. Paratyphi A
319  would make for an excellent negative control outcome due to shared transmission pathways, but

320  when stratifying by age, we had too few cases to evaluate trends by study period.

321 In conclusion, blood culture utilization and positivity for S. Typhi declined substantially
322 during the COVID-19 pandemic, but S. Typhi positivity rebounded after 2022 in vaccine-

323 ineligible older age groups. In contrast, blood culture positivity for S. Typhi further declined in
324  vaccine-eligible age groups after the national introduction of TCV. This study reinforces the

325  critical role of TCV in typhoid control in Nepal and provides valuable evidence to support the
326  integration of the WHO pre-qualified typhoid vaccine in immunization programs. The persistent
327  burden in older age groups, however, indicates need for further interventions including improved

328  water and sanitation and consideration of expanded age eligibility for typhoid vaccination.
329
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