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ABSTRACT

Objective: To identify recent susceptibility patterns of Salmonella enterica subspecies enterica serovar Typhi (S. Typhi) and
Paratyphi A in a government hospital in Taxila Cantt and to determine the frequency of Multi-Drug Resistant (MDR) and
Extensively Drug-Resistant (XDR) S. Typhi.

Study Design: Cross-sectional study.

Place and Duration of Study: Pathology Department, HIT Hospital, Taxila Cantt, Pakistan, from Jan 24 to Jan 25.
Methodology: Samples of blood cultures from patients suspected of having enteric fever were received in the microbiology
section, HIT Laboratory, Taxila Cantt. Isolates of Salmonella Typhi and Paratyphi A from positive blood cultures were
included in the study. Antibiotic susceptibility was tested based on CLSI guidelines (2024).

Descriptive statistics were shown as Mean +SD.

Results: In this study, out of the 64 positive blood cultures for Typhoidal Salmonella from patients (median age 20), 95.3%
were Salmonella Typhi (61) and 4.7% were Salmonella Paratyphi A (03). In 71.9% of cases, CRP was positive. After using
appropriate antimicrobials, fever took around five days to settle. Out of the total Salmonella isolated from blood culture,
including both species of Salmonella Typhi and Paratyphi A, Azithromycin and Meropenem showed 100% susceptibility, as
compared to first-line antibiotics with % resistance of 92, 90.6, and 87.5 for Ampicillin, co-trimoxazole, and chloramphenicol,
respectively. Ciprofloxacin and Ceftriaxone demonstrated substantial resistance rates of 97% and 76.6%, respectively.
Conclusions: This study showed significant antimicrobial resistance to multiple antibiotics in both Salmonella Typhi and
Paratyphi A isolates, with an alarmingly high number of MDR and XDR strains of Salmonella Typhi, thus highlighting the

importance of antimicrobial stewardship and adherence to effective prevention strategies.
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INTRODUCTION

Enteric fever is caused by Salmonella enterica
subspecies enterica serovar Typhi (S. Typhi) and
Paratyphi (S. Paratyphi) A, B, and C. Significantly
targeting the developing countries, especially of South
East Asia, it has become a medical concern globally.!
In previous cohort studies, the “typhoid fever”
incidence was reported to be between 428 and 1,062
cases per 100,000 (0.428%-1.062%) in Lalitpur, Nepal,
and between 635 and 1,135 cases (0.635%-1.135%) in
Dhaka, Bangladesh, with variations observed over
time and depending on the estimation method used.?
In Pakistan, a study highlighted an incidence rate of
573.2 per 100,000 among children aged 2-5 years and
451.7 per 100,000 among children aged 2-15 years.?

People who don’t have access to clean food,
drinking water, poor hygiene, and inadequate
sanitation are more likely to get infected.* Symptoms
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include a slow-rising fever, rising to 39- 40°C, and
abdominal symptoms (nausea, vomiting, abdominal
pain, and diarrhea). Fever is the only presenting
symptom in children who are less than 5 years of age.>
Soft, tender hepatosplenomegaly has been observed
on abdominal examination, usually in children.¢

Multidrug-resistant (MDR) typhoid refers to
resistance to first-line antibiotics: Ampicillin, Co-
trimoxazole, and Chloramphenicol. Recently,
extensively drug-resistant (XDR) typhoid has also
been reported in Pakistan. XDR typhoid is defined as
MDR along with resistance to Fluoroquinolones and
third-generation Cephalosporins such as Ceftriaxone.3

Chloramphenicol was originally the preferred
antibiotic for treating typhoid fever; however, due to
the development of resistance and side effects, other
antibiotics such as Ampicillin (which inhibits bacterial
cell wall synthesis) and Ciprofloxacin (which inhibits
bacterial protein synthesis) were used instead.” In
recent years, since 2016, a concerning trend has
emerged with resistance to multiple antibiotics such as
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Fluoroquinolones (Ciprofloxacin), Ampicillin, Third-
Generation ~ Cephalosporins ~ (Ceftriaxone), and
Sulfonamides in isolates of Salmonella Typhi, leaving
Azithromycin and Carbapenems as the only options
for effective treatment. This has led to difficult
treatment of Salmonella Typhi, especially in 3rd-world
countries where resistance rates are higher and there is
easier access to last-resort antibiotics, leading to more
resistant infections.® This includes the rise and spread
of multidrug-resistant (MDR) and extensively drug-
resistant (XDR) strains of Salmonella Typhi across
Pakistan. In Lahore, Pakistan, a high percentage of S.
Typhi isolates were found to be XDR (46.1%) and
MDR (24.5%).°

Typhoidal Salmonella, particularly Salmonella
Typhi, poses a critical challenge as one of the primary
causes of infections in the bloodstream around the
globe, especially in developing countries.’0 It is a
serious global health challenge that increasing
incidents of MDR and XDR Salmonella Typhi
infections are being reported, demanding our
attention. This study is focused on Salmonella Typhi
and Salmonella Paratyphi A isolates from blood
cultures, evaluating their current susceptibility
patterns, placing a strong emphasis on their
antimicrobial resistance profiles and the associated
inflammatory markers. Understanding these factors is
essential for combating the increasing threat of these
dangerous pathogens.

The purpose of this study was to highlight the
susceptibility pattern of Salmonella isolates to various
antibiotics used for the treatment of enteric fever and
to find the association of infectivity of Salmonella
species with inflammatory mediators.

METHODOLOGY

This cross-sectional study was performed at the
Pathology Department of HIT Hospital, Taxila Cantt,
Pakistan, from Jan24 to Jan 25, after the approval of
the Institutional Review Board (ERB) /Institution
Review Committee (IRC) vide Reference number 01
dated 25/04/2025. Sample size was calculated using
the WHO sample size calculator, taking a confidence
level of 95%, margin of error of 5%, and reported
prevalence of 43%.11 The estimated sample size came
out to be 64. Sampling was done using a non-
probability consecutive sampling technique.

Inclusion Criteria: Patients of either gender below the
age of 70 years with positive blood cultures for
Typhoidal Salmonella submitted from both inpatient

and outpatient departments of medicine and
paediatric specialities were included in the study.

Exclusion Criteria: Repeat specimens from the same
patients were excluded from this study.

Commercially available blood culture bottles
were used for the inoculation of all blood samples
submitted for bacterial culture and sensitivity, and
they were incubated at 35+2°C in an automated
BacT/ALERT blood culture system (BioMérieux).
Samples that flagged positive were sub-cultured onto
both differential MacConkey agar (Oxoid, UK) and
enriched sheep blood agar plates (Oxoid, UK). Colony
morphology, biochemical testing with the API 20E
system (BioMérieux, France), and serotyping using
specific antisera were used to identify the isolates.
Antibiotic susceptibility was assessed by the Kirby-
Bauer disk diffusion method according to the CLSI
guidelines (2024). The antibiotic discs of Ampicillin
(10pg), Trimethoprim-Sulfamethoxazole
(1.25/23.75pg), Chloramphenicol (30 ne),
Ciprofloxacin (5pg), Ceftriaxone (30 pg), Meropenem
(10pg), and Azithromycin (15png) were used on
Mueller-Hinton agar. Zone diameters were interpreted
in line with CLSI standards. Quality control for
antibiotic discs was evaluated using reference strains
of E. coli ATCC 25922, P. aeruginosa ATCC 27853 (for
testing meropenem), and S. aureus ATCC 25923 (for
azithromycin assessment in S. Typhi).

Other data from the patients were also collected,
which included their gender and age, along with some
inflammatory markers for correlation with positive or
negative blood culture outcomes, such as the total
leukocyte count, C-reactive protein levels, Platelet
count, and presence or absence of fever.

B e R R

Figure-1: Flow Diagram showing Phases of Study

Data analysis was done using SPSS (Statistical
Package for the Social Sciences) version 23.00. The
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Shapiro-Wilk test was applied to assess the normality
of data distribution. Since the data were not normally
distributed, the median and interquartile range (IQR)
were calculated for continuous variables, including
age, total leukocyte count (TLC), platelet count, and
fever duration. Frequencies and percentages were
used to summarize categorical variables such as
gender, age groups, Salmonella species, strain type
(XDR/MDR), and CRP status. The Mann-Whitney U
test was used to compare TLC and platelet counts
between CRP-positive and CRP-negative cases. A p-
value <0.05 was considered statistically significant.

RESULTS

A total of 64 patients were included in this study,
with 33(51.6%) males and 31(48.4%) females. The
majority (70.3%) were aged 12-50 years, while 26.6%
were under 12 years, and only 3.1% were above 50
years. The median age of the patients was 20 years
(IQR: 23-11), and the median total leucocyte count
(TLC) was 6.70 (IQR: 8.20-4.78). The median platelet
count was 242,000 (IQR: 359,000-192,000). Fever lasted
a median of 5 days (IQR: 6-4 days) before subsiding
after the initiation of antibiotics, as shown in Table-I.

Table-I: Baseline Characteristics (n=64)

Demographic Variables n (%)

Male 33 (51.6%
Gender Female 31 248.4%;

<12 Years 17 (26.6%)
Age Group 12-50 years 45 (70.3%)

>50 years 2 (3.1%)
Salmonella Salmonella Typhi 61 (95.3%)
Species Salmonella Paratyphi A 3(4.7%)

Median, IQR

Age (Years) 20.00 (23.00-11.00)
TLC (109/L) 6.70 (8.20-4.78)
Platelet Count (109/L) 242.00 (359.00-192.00)
Duration of Fever (Days) 5.00 (4.00-6.00)

Inflammatory marker analysis showed that
46(71.9%) patients were CRP-positive, while 18(28.1%)
were CRP-negative. Although CRP was positive in the
majority of patients with positive blood culture
results, there was no significant association between
CRP-positive cases and low TLC and platelet counts
(Table-1I).

Table-II: Comparison of TLC and Platelet Counts Between
CRP-Positive and CRP-Negative Cases

Study Groups
CRP positive CRP negative r-
Parameters (n=46) (n=18) value
median(IQR) median(IQR)
TLC (109/L) 6.90(8.20-5.10) 6.10(8.30-3.92) 0.24
Platelet Count (109/L) 249(359-200.50) 209(389-174) 0.32

Among the isolates, 95.3% were Salmonella
Typhi, whereas 4.7% were Salmonella Paratyphi A,
indicating a predominance of S. Typhi in the study
population. Among Salmonella Typhi, a significant
proportion of cases (75.4%) were extensively drug-
resistant (XDR), while 13.1% exhibited multi-drug
resistance (MDR) (Table III).

Table-1II: Strain Type of Salmonella Typhi (n=61)
Strain Type of Salmonella Typhi n(%)
Extensively Drug-Resistant (XDR) 46(75.4%)
Multi-Drug Resistant (MDR) 08(13.1%)

High resistance to several antimicrobials is
revealed by the susceptibility pattern of Salmonella
isolates (n=64) (Table-IV). Out of a total of 64 isolates,
including both Salmonella paratyphi A and
Salmonella Typhi, there were no fully susceptible
cases, with resistance percentages of 92%, 90.6%, and
87.5% to Ampicillin, Co-trimoxazole, and
Chloramphenicol, respectively. Among all Salmonella
isolates, only 02 isolates exhibited susceptibility to
Ciprofloxacin (3.3%), observed in Salmonella Typhi
species only, whereas the remaining 62(97%) isolates,
including both Salmonella paratyphi A and
Salmonella Typhi, showed resistance to Ciprofloxacin.
Likewise, 23.4% of isolates showed susceptibility to
Ceftriaxone, while 76.6% of isolates showed resistance.
Among 61 isolates of Salmonella Typhi, only 12
isolates were sensitive to Ceftriaxone, with a
sensitivity of 19.7% (Table-V). On the other hand, the
most effective medications against these isolates were
Azithromycin and Meropenem, which demonstrated
100% susceptibility. This demonstrates notable
resistance to widely used antibiotics, except for
Azithromycin and Meropenem. The susceptibility
pattern of both Salmonella Typhi and Salmonella
paratyphi A separately against antibiotics is shown in
Table-V.

Table-IV: Pattern of Susceptibility of Salmonella species
including both Salmonella Typhi and Paratyphi A Against
Antimicrobials (n=64)

Resistant Susceptible
Ampicillin 59 (92%) 5 (7.8%)
Cotrimoxazole 58 (90.6%) 6 (9.4%)
Chloramphenicol 56 (87.5%) 8 (12.5%)
Ciprofloxacin 62 (97%) 2 (03%)
Ceftriaxone 49(76.6%) 15(23.4%)
Meropenem 0 64 (100.0%)
Azithromycin 0 64 (100.0%)
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Table-V: Pattern of Susceptibility of Salmonella Typhi and
Paratyphi A against Antimicrobials Separately (n=64)

Salmonella Typhi Salmonella Paratyphi

Antibiotics (n=61) A(n=03)

Resistant | Susceptible | Resistant | Susceptible
Ampicillin 58 (95%) 03 (05%) 01(33.3%) 02(66.7%)
Cotrimoxazole 58 (95%) 03 (05%) 0 03 (100.0%)
Chloramphenicol | 56 (92%) 05 (08%) 0 03 (100.0%)
Ciprofloxacin 59(96.7%) 02(3.3%) 03 (100%) 0
Ceftriaxone 49(80.3%) 12(19.7%) 0 03(100.0%)
Meropenem 0 61 (100.0%) 0 03(100.0%)
Azithromycin 0 61 (100.0%) 0 03(100.0%)

DISCUSSION

In our study, we observed a striking trend: 70.3%
of patients were between 12 and 50 years of age,
highlighting the alarming prevalence of typhoid fever
among adolescents and young adults. Only a small
fraction of older adults (3.1%) and children under 12
years (26.6%) were affected, reinforcing the notion that
Salmonella Typhi infections predominantly affect
those in the working-age population, especially in
endemic areas, where prevalence is more than 9
million cases and more than 110000 attributable
deaths per year globally.1?

Our study included 51.6% male and 48.4% female
participants. Ishtiaq et al. reported that the incidence of
this illness is higher in females (51.46%) than in males
(48.54%).1% This underscores the need for targeted
interventions and robust awareness campaigns to
confront this critical health challenge directly. For
Salmonella Typhi, our study found that 75.4% were
XDR isolates and 13.1% were multidrug-resistant
(MDR) isolates. This alarming trend signals a dramatic
rise in antimicrobial resistance among Salmonella
Typhi isolates, with high resistance to first-line
antibiotics, including Ampicillin, Cotrimoxazole, and
Chloramphenicol, at 95%, 95%, and 92%, respectively,
according to our study. Akram et al. highlighted that
unregulated antibiotic use has resulted in a significant
increase in  extensively  drug-resistant (XDR)
Salmonella Typhi in regions such as South Asia and
sub-Saharan Africa.l4

Meropenem is a broad-spectrum antibiotic used
as a last-resort treatment option. We found 100%
sensitivity to Meropenem and Azithromycin,
indicating that these antibiotics are likely to remain
effective for treating typhoid fever.l> Resistance to
Azithromycin has been reported in a study conducted
from 2016 to 2018, in which, amongst 2,519 isolates of
Salmonella Typhi and 506 isolates of Salmonella
Paratyphi A,59 Salmonella Typhi and 45 Salmonella
Paratyphi A were potentially resistant isolates in a

study conducted by Sjib et al.1¢ Irrespective of this, the
global increase in Carbapenem resistance is a serious
concern, emphasizing the need for careful usage and
management of these important antibiotics.”

The inflammatory marker C-reactive protein
(CRP) was positive in a notable 71.9% of cases,
underscoring the robust systemic inflammatory
response commonly observed in typhoidal infections.
This important finding underscores the value of CRP
as a key biomarker for both diagnosis and continuous
monitoring.’® Despite CRP showing a positive
association with Salmonella infections, there is no
linkage between total leukocyte count (TLC) and
platelet count and the clinical severity of CRP-positive
and CRP-negative cases, with p-values of 0.243 and
0.317, respectively, as reported by Jabeen et al.’ Thus,
accurate markers should be established and studied to
diagnose and assess the severity of these infections.

Watkins et al. reported that XDR Salmonella
Typhi have shown a significant proportion of isolates
resistant to multiple first-line antibiotics.?0 This trend
has been documented in India as well, with emerging
XDR strains resisting nearly all available treatments,
including cephalosporins.?! This demanding crisis has
led to clinical challenges, including limited treatment
options, risks of prolonged morbidity, treatment
failure, and complications. Therefore, it is necessary
for global health bodies to implement decisive
measures to address this health crisis and develop an
effective management plan.

LIMITATIONS OF STUDY

This study is limited to one of the government
hospitals in Pakistan. Other secondary and tertiary care
units can also be targeted for more accurate representation
of local epidemiological data and better clinical outcomes.

CONCLUSIONS

It was observed strikingly high rates of MDR and XDR
strains of Salmonella Typhi in this study, with 100%
susceptibility only to two last-resort antibiotics, including
Azithromycin and Meropenem. These observations
emphasize that there is an urgent need for full-time
antimicrobial surveillance to keep in check the resistance
rates of critical infectious pathogens. This, in turn, can be
used as a guide by clinicians to direct judicious antibiotic use
and reduce the spread of resistant pathogens by
strengthening infection prevention and control policies in
endemic regions.

ACKNOWLEDGEMENT

The authors would like to acknowledge all those who
participated directly or indirectly in the study.

Conflict of Interest: None.

Pak Armed Forces Med ] 2026; 76(SUPPL-9):51451



Susceptibility Pattern of Salmonella

Funding Source: None.

Authors” Contribution

Following authors have made substantial contributions to
the manuscript as under:

NT & SN: Data acquisition, data analysis, critical review,
approval of the final version to be published.

RB & MN: Study design, data interpretation, drafting the
manuscript, critical review, approval of the final version to
be published.

Authors agree to be accountable for all aspects of the work
in ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved.

REFERENCES

1.

10.

Fatima S, Ishaq Z, Irfan M, AlAsmari AF, Achakzai JK, Zaheer T, et
al. Whole-genome sequencing of multidrug-resistant Salmonella
Typhi clinical strains isolated from Balochistan, Pakistan. Front
Public Health 2023; 11: 1151805.

https:/ /doi.org/10.3389/fpubh.2023.1151805

Garrett DO, Longley AT, Aiemjoy K, Yousafzai MT, Hemlock C,
Alexander TY, et al. Incidence of typhoid and paratyphoid fever in
Bangladesh, Nepal, and Pakistan: results of the Surveillance for
Enteric Fever in Asia Project. Lancet Glob Health 2022; 10(7): €978-
€988. https:/ /doi.org/10.1016/52214-109X(22)00119-X

Bakhat S, Nadeem S, Hussain A, Sarwar S, Hussain B, Faheem F.
Extensively drug-resistant (XDR) Salmonella Typhi: red flag for
clinicians at Karachi. Infect Dis ] Pak 2023; 32(4): 138-142.

https:/ /doi.org/10.46234 / ccdcw2022.062

Crump JA. Progress in typhoid fever epidemiology. Clin Infect Dis
2019; 68(Suppl 1): S4-S9.https:/ /doi.org/10.1093/cid /ciy846
Basnyat B, Qamar FN, Rupali P, Ahmed T, Parry CM. Enteric fever.
BMJ 2021; 372: n437. https:/ /doi.org/10.1136 /bmj.n437
Budhathoki S, Rimal S, Lama L, Shrestha S, Sanjel S, Amgain K.
Clinical profile of enteric fever in children of a tertiary care
centre in Kathmandu, Nepal. ] Karnali Acad Health Sci 2020;
3(2): 122-127. https:/ /doi.org/10.3126/jkahs.v3i2.31327

Patil N, Mule P. Sensitivity pattern of Salmonella typhi and
paratyphi A isolates to chloramphenicol and other anti-typhoid
drugs: an in vitro study. Infect Drug Resist 2019; 12: 3217-3225.
https://doi.org/10.2147 /IDR.S204618

Nizamuddin S, Khan EA, Chattaway MA, Godbole G. Case of
carbapenem-resistant Salmonella Typhi infection, Pakistan, 2022.
Emerg Infect Dis 2023; 29(11): 2395-2397.
https://doi.org/10.3201 /eid2911.230499

Zakir M, Khan M, Umar MI, Murtaza G, Ashraf M, Shamim S.
Emerging trends of multidrug-resistant (MDR) and extensively
drug-resistant (XDR) Salmonella Typhi in a tertiary care hospital
of Lahore, Pakistan. Microorganisms 2021; 9(12):2484.
https://doi.org/10.3390 / microorganisms9122484

Hooda Y, Sajib MS, Rahman H, Luby SP, Bondy-Denomy ],
Santosham M, et al. Molecular mechanism of azithromycin
resistance among typhoidal Salmonella strains in Bangladesh
identified through passive pediatric surveillance. PLoS Negl
Trop Dis. 2019; 13(11): e0007868.

https:/ /doi.org/10.1371 /journal.pntd.0007868

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Saeed M, Rasool MH, Rasheed F, Saqalein M, Nisar MA, Imran
AA, et al. Extended-spectrum beta-lactamase-producing drug-
resistant Salmonella Typhi extensively in Punjab, Pakistan. ]
Infect Dev Ctries 2020; 14(2): 169-176.

https:/ /doi.org/10.3855/jidc.11706

Birkhold M, Mwisongo A, Pollard AJ, Neuzil KM. Typhoid
conjugate vaccines: advancing the research and public health
agendas. ] Infect Dis 2021; 224(Suppl 7): S781-S787.

https:/ /doi.org/10.1093 /infdis/jiab449

Ishtiaq A, Khalil S, Khalil S, Ahmed F, Ahmad B, Ghaffar A, et
al. Prevalence of typhoid fever among different socio-
demographic groups in District Bahawalnagar, Pakistan. Pak |
Health Sci 2023; 4(11): 138-143.

https://doi.org/10.54393 / pjhs.v4i11.1063

Akram J, Khan AS, Khan HA, Gilani SA, Akram SJ, Ahmad FJ, et
al. Extensively drug-resistant (XDR) typhoid: evolution,
prevention, and its management. BioMed Res Int 2020; 2020:
6432580.

https:/ /doi.org/10.1155/2020/ 6432580

Qureshi S, Naveed AB, Yousafzai MT, Ahmad K, Ansari S,
Lohana H, et al. Response of extensively drug-resistant
Salmonella Typhi to treatment with meropenem and
azithromycin in Pakistan. PLoS Negl Trop Dis 2020; 14(10):
e0008682. https:/ /doi.org/10.1371/journal.pntd.0008682

Sajib MS, Tanmoy AM, Hooda Y, Rahman H, Andrews JR,
Garrett DO, et al. Tracking the emergence of azithromycin
resistance in multiple genotypes of typhoidal Salmonella. mBio
2021; 12(1): e03481-e034820.

https:/ /doi.org/10.1128 /mBio.03481-20

Song H, Zou S, Huang Y, Jian C, Liu W, Tian L, et al. Salmonella
Typhimurium with eight tandem copies of bla NDM-1 on a HI2
plasmid. Microorganisms 2023; 12(1): 20.

https:/ /doi.org/10.3390 / microorganisms12010020

Ullah H, Razzaq A, Ahmad AM, Rehman R, Ateeq S, Aziz A. A
study on the clinical profile, blood profile and culture sensitivity
pattern of Salmonella typhi in paediatric patients. Pak Armed
Forces Med ] 2022; 72(4): 1241-1245.

https:/ /doi.org/10.51253 / pafmj.v72i4.8036

Jabeen K, Saleem S, Jahan S, Nizamudin S, Arshad F, Huma ZE,
et al. Molecular characterization of extensively drug-resistant
Salmonella enterica Serovar Typhi clinical isolates from Lahore,
Pakistan. Infect Drug Resist 2023; 16: 2987-3001.

https:/ /doi.org/10.2147 /IDR.S406253

Watkins L, Winstead A, Appiah G, Friedman C, Medalla F,
Hughes M, et al. Update on extensively drug-resistant
Salmonella Serotype Typhi infections among travelers to or from
Pakistan and report of ceftriaxone-resistant Salmonella Serotype
Typhi infections among travelers to Iraq — United States, 2018-
2019. MMWR Morb Mortal Wkly Rep 2020; 69(20): 618-622.
https:/ /doi.org/10.15585/ mmwr.mm6920a2

Thirumoorthy TP, Jacob JJ, Velmurugan A, Teekaraman MP,
Shah B, Iyer V, et al. Recent emergence of cephalosporin-
resistant Salmonella Typhi in India due to the endemic clone
acquiring the IncFIB (K) plasmid encoding the blaCTX-M-15
gene. Microbiol Spectr 2025; 13(5): e00875-24.

https:/ /doi.org/10.1128 /spectrum.00875-24

Pak Armed Forces Med ] 2026; 76(SUPPL-9):51452


https://www.google.com/search?q=https://doi.org/10.3389/fpubh.2023.1151805
https://www.google.com/search?q=https://doi.org/10.1016/S2214-109X(22)00119-X
https://doi.org/10.46234/ccdcw2022.062
https://www.google.com/search?q=https://doi.org/10.1093/cid/ciy846
https://doi.org/10.1136/bmj.n437
https://www.google.com/search?q=https://doi.org/10.3126/jkahs.v3i2.31327
https://www.google.com/search?q=https://doi.org/10.2147/IDR.S204618
https://www.google.com/search?q=https://doi.org/10.3201/eid2911.230499
https://www.google.com/search?q=https://doi.org/10.3390/microorganisms9122484
https://www.google.com/search?q=https://doi.org/10.1371/journal.pntd.0007868
https://www.google.com/search?q=https://doi.org/10.3855/jidc.11706
https://www.google.com/search?q=https://doi.org/10.1093/infdis/jiab449
https://www.google.com/search?q=https://doi.org/10.54393/pjhs.v4i11.1063
https://www.google.com/search?q=https://doi.org/10.1155/2020/6432580
https://www.google.com/search?q=https://doi.org/10.1371/journal.pntd.0008682
https://www.google.com/search?q=https://doi.org/10.1128/mBio.03481-20
https://www.google.com/search?q=https://doi.org/10.3390/microorganisms12010020
https://www.google.com/search?q=https://doi.org/10.51253/pafmj.v72i4.8036
https://www.google.com/search?q=https://doi.org/10.2147/IDR.S406253
https://doi.org/10.15585/mmwr.mm6920a2
https://www.google.com/search?q=https://doi.org/10.1128/spectrum.00875-24

