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Objective: To evaluate the prevalence and patterns of drug-resistant typhoid
fever, including extensively drug-resistant (XDR) and multidrug-resistant (MDR)
strains, among children admitted to a tertiary care Hospital.

Methodology: This descriptive observational study was done at Paediatric
department of LUMHS from May 2022-november2022. Children aged 1-12 years,
both gender and with confirmed diagnosis of typhoid fever based on positive
blood cultures were included. Blood culture samples were collected from
pediatric patients presenting with suspected typhoid fever are processed
according to standard microbiological techniques. Isolation and identification of
Salmonella Typhi are performed using appropriate culture media and
biochemical tests. Antimicrobial susceptibility testing was conducted using
standardized methods. Drug resistance patterns, including multidrug resistance
(MDR) and extensively drug-resistant (XDR) phenotypes, are determined based
on susceptibility testing results. MDR was defined as resistance to at least three
classes of antibiotics commonly used for typhoid fever treatment, while XDR
indicates additional resistance to fluoroquinolones and third-generation
cephalosporins, which are frontline treatment options for typhoid fever. Data
was entered and analyzed using SPSS version 26.

Results: A total of 43 patients were studied, their mean age was 5.91 years. Boys
were 72.15 and girls were 27.9%. Most of the cases 65.1% were consuming tap
water. MDR resistance was observed in 9.4% of the cases, while XDR resistance
was highly frequent among 83.7% of the patients. Very few cases 16.3% had
history of typhoid vaccination. However, MDR and XDR resistance were
statistically insignificant according to type of water consumption (p->0.05).
Conclusion: In conclusion, the study revealed alarmingly high prevalence rates of
extensively drug-resistant (XDR) typhoid with multidrug-resistant (MDR) strains
observed in 9.4% of cases. These findings emphasize the urgent need for
comprehensive strategies that address both antimicrobial resistance and
vaccination efforts to combat the increasing burden of XDR typhoid in children.
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Introduction

Typhoid fever remains a prevalent public health issue in
developing nations, characterized as a systemic infection
acquired within communities. It predominantly affects
overcrowded areas with limited resources and inadequate
sanitation facilities. While individuals of any age can be

affected, the higher incidence among children underscores
the ongoing transmission within the community.*?

Typhoid fever persists as a significant global health
challenge, causing illness and preventable deaths. Reports
indicate that approximately 21 million cases of typhoid
fever are reported worldwide each year, resulting in an
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estimated annual mortality of around 200,000
individuals.®* Typhoid fever poses a significant public
health challenge in Pakistan, particularly among the
pediatric population, where it is frequently associated with
unhygienic practices, consumption of unhealthy street
food, and contaminated water sources.® If left untreated,
typhoid fever can result in mortality rates of 10% or
higher. The gold standard for diagnosing typhoid fever is
the microbial culture of blood or bone marrow.%’

However, the emergence of antimicrobial resistance poses
a significant global challenge in the management of
typhoid fever.b® Traditionally, the initial treatment for
enteric fever consisted of ampicillin, chloramphenicol, and
trimethoprim/sulfamethoxazole. However, the rise of
resistant bacterial strains has rendered these drugs
ineffective.® Furthermore, their use has contributed to the
emergence of a multidrug-resistant (MDR) strain, which is
no longer susceptible to the aforementioned medications.

Consequently, there has been a shift in prescription
patterns towards quinolones and cephalosporins, that
worked effectively until an extensively drug-resistant
(XDR) strain that was resistant to both medication classes
emerged.®%° In 2016, Hyderabad had the first outbreak of
XDR typhoid, which quickly expanded to surrounding
cities in the province of Sindh. Since then, Pakistan alone
has reported over 10,000 cases in 2016 by WHO,
highlighting the alarming extent of dissemination of this
highly resistant strain.*'* The emergence of multidrug-
resistant (MDR) and extensively drug-resistant (XDR)
strains in numerous countries worldwide has sparked
significant apprehension regarding the escalation of
antibiotic resistance among pathogens like S. Typhi.t!
Tackling the ongoing progression of antimicrobial drug
resistance in Sindh represents a critical public health
challenge that requires immediate attention to prevent its
local containment and potential spread to urban centers in
other provinces of Pakistan.'?® Therefore, it is imperative
to thoroughly characterize the clinical manifestations of
MDR and XDR typhoid fever across various age groups
within the pediatric population. This is particularly crucial
as the disease predominantly affects children, who exhibit
elevated rates of complications and mortality, especially
among preschool-aged children.** Hence, this study was
conducted to evaluate the prevalence and patterns of drug-
resistant typhoid fever, including extensively drug-
resistant (XDR) and multidrug-resistant (MDR) strains,
focusing specifically on children admitted to a tertiary care
hospital, which may helpful to develop the treatment
strategies and public health interventions aimed at
controlling the spread of resistant strains in hospital
settings.

Methodology

This descriptive observational study was done at
Paediatric department of LUMHS from May2022-
november 2022. Children aged 1-12 years, both gender
and with confirmed diagnosis of typhoid fever based on
positive blood cultures were included. Individuals
involving known immunodeficiency conditions, negative
blood culture results, previous antibiotic usage within the
two weeks before to admission, and suspected or
confirmed co-infections with additional organisms were
excluded. The guardians or parents of pediatric patients
who met the eligibility requirements provided informed
consent, after counseling and explaining the study's
objectives and the confidentiality of their information.
Skilled medical personnel meticulously followed aseptic
procedures, utilizing sterilized syringes and needles,
during the collection of blood samples. From every
individual, around 5-10 milliliters of venous blood were
obtained. Heparin or EDTA, two suitable anticoagulants,
were added to sterile blood collection tubes before blood
samples were taken. To protect patient privacy, the blood
specimens have been marked with special identification
numbers and these samples were quickly sent to the
Hospital lab to ensure they could be processed. Blood
culture specimens were taken from children who suspected
to have typhoid fever, and they were processed using
conventional microbiological methods. Using the proper
culture media and biochemical assays, Salmonella Typhi
was isolated and identified. Standardized procedures were
followed to screen for antibiotic susceptibility.
Susceptibility screening findings were used to detect drug
resistance patterns, particularly extensively drug-resistant
(XDR) and multidrug-resistant (MDR) characteristics.
MDR was characterized as developing resistance to a
minimum of three kinds of antibiotics routinely prescribed
for the treatment of typhoid infection; on the other hand,
XDR denotes extra resistance to front-line treatments for
typhoid fever, such as fluoroquinolones and third-
generation cephalosporins. Using an established study
proforma, all demographic data, including outcome
factors, were accurately recorded. The information
obtained was then analyzed using SPSS version 26, a
popular statistical software program. This analytical tool
made it easier to thoroughly examine and evaluate the
dataset, which made it possible to identify important
findings that were relevant to the study's goals as well as
patterns and correlations.
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Results

The mean age of the patients was 5.91 years with a
standard deviation of 3.06 years. In terms of gender
distribution, there were 12(28.6%) girls and 30(71.4%)
boys. Regarding water consumption sources, the majority
(64.3%) reported using tap water, followed by filter plant

Table 1: Demographic information of the patients. (n=42)

Variables N %
Gender Girls 12 28.6%
Boys 30 71.4%
Can water 01 02.4%
Water type Filter plant source 12 28.6%
consumption Mineral water 01 02.4%
Null water 01 02.4%
Tap water 27 64.3%
2-5 days 20 47.6%
Duration of fever 6-10 days 21 50.0%
>10 days 01 02.4%
Typhoid vaccination Yes 06 14.3%
No 36 85.7%
Azithromycin 01 02.4%
First treatment Cefotaxime and 01 02.4%
gentamycin
Ceftriaxone 37 88.1%
Ciprofloxacin 02 04.8%
Meropenem 01 02.4%
Age of the patients Mean+SD 5.91+3.06 years

source (28.6%). Duration of fever varied, with 47.6% of
patients experiencing fever for 2-5 days, 50.0% for 6-10
days, and only 2.4% for over 10 days. Concerning typhoid
vaccination, 85.7% of patients had not been vaccinated
against typhoid fever. The most commonly administered
first treatment was Ceftriaxone (88.1%), followed by
Ciprofloxacin (4.8%). Table |

According to frequency of culture sensitivity among 42
patients, it has been outlined that the majority of patients
(90.5%) exhibited sensitivity to a combination of
Meropenem and Azithromycin. Additionally, a smaller
proportion of patients showed sensitivity to Meropenem
alone (4.8%), as well as to combinations of Ceftazidime,
Meropenem, and Sulfamethoxazole (2.4%), and
Meropenem, Cefixime, and Azithromycin (2.4%). Figure
1.

MDR resistance was observed in 9.4% of the cases, while
XDR resistance was highly frequent among 83.7% of the
patients. However, MDR and XDR resistance were
statistically insignificant according to patients age, gender
and vaccination status (p->0.05). Table Il & 111
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Figure 1. Frequency of culture sensitivity. (n=42)

Table 11: MDR and XDR strains in isolated culture. (n=42)

Strains N %
No 38 90.5%
MDR Yes 4 9.5%
Total 42 100.0%
Yes 36 85.7%
XDR No 6 14.3%
Total 42 100.0%

Table I11: MDR and XDR strains in isolated culture in accordance to age, gender and vaccination. (n=42)

Variables MDR XDR
Negative Positive p-value Negative Positive p-value
1-3 years 7 3 6
Age groups 16.7% 4.8% 7.1% 14.3%
4-6 years 12 0.510 2 11 0.245
28.6% 2.4% 4.8% 26.2%
7-10 years 16 1 16
38.1% 2.4% 2.4% 38.1%
>10 years 3 0 3
7.1% 0.0% 0.0% 7.1%
Gender Girls 11 1 11
26.2% 2.4% 0.868 2.4% 26.2% 0.486
Boys 27 5 25
64.3% 7.1% 11.9% 59.5%
No 33 5 31
Typhoid vaccination 78.6% 7.1% 0.520 11.9% 73.8% 0.857
Yes 5 1 5
11.9% 2.4% 2.4% 11.9%
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Discussion

Typhoid fever remains a significant public health concern,
particularly affecting children and young adults.®> The
emergence of antimicrobial resistance poses a significant
challenge in effectively treating typhoid fever, leaving
healthcare providers with limited options for empiric
therapy. This study aims to explore the patterns of drug-
resistant typhoid fever, including XDR and MDR strains,
in a cohort of 42 cases with positive culture results,
characterized by an overall average age of 5.91 years and
a male predominance of 71.4%. In the comparison of this
study Ashfaq S et al*? reported that the average age of their
study participants was 6.8 years with a standard deviation
of 3.1 years, with largest proportion, 44.1%, fell within the
age range of over 5 to 10 years and males comprised 54.5%
of the study population, while females made up 45.1%.%?
In the study by Akbayram S et al*® reported that patients
average age was 10.6 £ 4.2 years, with majority of males
52 compared to females 47, out of all 90 patients. In aligns
to this study Ali A et al*’ also indicated that out of 197
patients, 118 (59.9%) were male and 79 (40.1%) were
female, with an average age of 19.58 + 13.82 years for the
entire group. Average age of above study is higher
compared to this study and this difference mays because
of difference in selected age range in the study.

In this study regarding water consumption sources, the
majority (64.3%) reported using tap water, followed by
filter plant source (28.6%). Duration of fever varied, with
47.6% of patients experiencing fever for 2-5 days, 50.0%
for 6-10 days, and only 2.4% for over 10 days. Concerning
typhoid vaccination, 85.7% of patients had not been
vaccinated against typhoid fever. In the support of this
study Dudeja N, et al'® reported that apart from the WASH
factors, insufficient food hygiene practices are linked to
the prevalence of enteric fever among children in low-
income urban areas. According to a previous study by
Farooqui A et al'® reported that the residents of the village
resided in impoverished and unsanitary conditions lacking
adequate water supply, sewage disposal systems, and other
essential amenities. They relied on water from a nearby
well as their sole drinking water source. Laboratory
analyses revealed the presence of a multidrug-resistant
strain of Salmonella enterica serovar Typhi in all well
water samples, 65% of household water samples, and 2%
of food items. Additionally, 22% of clinical stool samples
tested positive for Salmonella enterica serovar Typhi.®

In this study according to frequency of culture sensitivity
among 42 patients, it has been outlined that the majority of
patients (90.5%) exhibited sensitivity to a combination of

Meropenem and Azithromycin. Additionally, a smaller
proportion of patients showed sensitivity to Meropenem
alone (4.8%), as well as to combinations of Ceftazidime,
Meropenem, and Sulfamethoxazole (2.4%), and
Meropenem, Cefixime, and Azithromycin (2.4%).
Consistently, Saleem S et al?® reported that the sensitivity
for meropenem and azithromycin was 100%, while for
ciprofloxacin, it was 53.7%. In accordance to this study
Ahmad M et al?* demonstrated that the sensitivity of
Cefixime was 27.4%, ceftriaxone sensitivity was in 38.7%
of the patients and sensitivity of the Azithromycin was in
96.7% patients, while meropenem was sensitive among
100% of the cases.

Furthermore, in this study MDR resistance was observed
in 9.4% of the cases, while XDR resistance was highly
frequent among 83.7% of the patients. However, MDR and
XDR resistance were statistically insignificant according
to patients age, gender and vaccination status (p->0.05). In
the comparison of this study Khan MZ et al,?? found that
within all bacterial isolates of enteric fever, 54.1% were
extensively drug-resistant (XDR), 20% were positive for
extended-spectrum beta-lactamase (ESBL), and 18.5%
were multidrug-resistant (MDR). Likewise, Zakir and
colleagues recorded a higher prevalence of XDR typhoid
fever cases in their research, particularly noting a rise in
occurrences among males and individuals aged between 0
and 10 years.® The current state of antimicrobial
surveillance in Pakistan is notably inadequate and
demands immediate attention to understand and predict
future trends in antimicrobial resistance.’® This study
possesses several potential limitations like limited study
sample size, which could significantly affect the statistical
reliability of the findings. Nevertheless, conducting further
extensive studies is recommended to address this alarming
issue.

Conclusion

Study findings underscored a higher prevalence of
extensively drug-resistant (XDR) typhoid, with 9.4% of
cases showing multidrug-resistant (MDR) strains. These
results highlight the pressing necessity for comprehensive
approaches targeting antimicrobial resistance and
vaccination initiatives, particularly focusing on addressing
the escalating challenge posed by XDR typhoid among
children.

References

1. Dahiya S, Malik R, Sharma P, Sashi A, Lodha R, Kabra SK,
Sood S, Das BK, Walia K, Ohri VC, Kapil A. Current antibiotic
use in the treatment of enteric fever in children. Indian J

Ann Pak Inst Med Sci

Jan-Mar 2024 Vol. 20 No. 1 72



Drug Resistant XDR Typhoid in Children Admitted in a Tertiary Care Hospital

Med Res. 2019 Feb
https://doi.org/10.4103/ijmr.lJMR_199 18

1;149(2):263-9.

articular distal humerus fractures treated with recon plate
using Mayo Elbow Performance Score (MEPS). Professional

2. JohnJ, Van Aart CJ, Grassly NC. The burden of typhoid and Med J 2023;30(10):1301-1308
paratyphoid in India: Systematic review and meta-analysis. https://doi.org/10.29309/TPMJ/2023.30.10.7411
PLoS Negl Trop Dis. 2016;10:e0004616 13. zmatullah A, Qamar FN, Thaver D, Zaidi AK, Bhutta ZA.
https://doi.org/10.1371/journal.pntd.0004616 Systematic review of the global epidemiology, clinical and

3. Nayak S. Typhoid Fever: Drug Resistance and Current laboratory profile of enteric fever. Journal of global health.
Vaccine Recommendations. Pediatr Inf Dis 2019;1(4):157- J Glob Health. 2015;5(2):020407
163 https://doi.org/10.7189/jogh.05.020407
https://doi.org/10.5005/jp-journals-10081-1230 14. Mohsin S, Taylor-Robinson AW. Persistence of first-line

4. Bhutta ZA, Capeding MR, Bavdekar A, Marchetti E, Ariff S, antibiotic-resistant typhoid fever among Pakistani children:
Soofi SB, Anemona A, Habib MA, Alberto E, Juvekar S, Khan a growing concern for regional antimicrobial stewardship.
RM. Immunogenicity and safety of the Vi-CRM197 Microbes, Infection and Chemotherapy. 2022;5;2:e1301.
conjugate vaccine against typhoid fever in adults, children, https://doi.org/10.54034/mic.e1301
and infants in south and southeast Asia: results from two 15. Siddiqui FJ, Haider SR, Bhutta ZA. Risk factors for typhoid
randomised, observer-blind, age de-escalation, phase 2 fever in children in squatter settlements of Karachi: A
trialsLancet Infect Dis. 2014 Feb 1;14(2):119-29. nested case—control study. Journal of infection and Public
https://doi.org/10.1016/51473-3099(13)70241-X Health. 2008 Jan 1;1(2):113-20.

5. Siddiqui H, Jahan F, Siddiqui MA. Pattern of Anti-microbial 16. Akbayram S, Parlak M, Dogan M, Karasin G, Akbayram HT,
Drug Resistance in Childhood Typhoid Fever in a Selected Karaman K. Clinical and haematological manifestations of
Hospital in Karachi, Pakistan. Public health. 2019;4(5). typhoid fever in children in eastern Turkey. West Indian
https://doi.org/10.9734/ajrid/2019/v2i130092 Med J. 2016 Jan 12;65(1):154-7.

6. Khan MZ, Ashraf S, Javed H, Zafar A, Khan FA, Rashid J. https://doi.org/10.7727/wimj.2014.354
Clinical Spectrum of XDR and MDR Enteric Fever in Children 17. Ali A, Ali HA, Shah FH, Zahid A, Aslam H, Javed B. Pattern of
Aged Between 6 Months to 15 Years at The Children's antimicrobial drug resistance of Salmonella Typhi and
Hospital, Lahore. Infect Dis J Pak. 2021;30(2):28-32. Paratyphi A in a Teaching Hospital in Islamabad. J Pak Med

7. Crump JA et al. Epidemiology, clinical presentation, Assoc. 2017 Mar 1;67(3):375-9.
laboratory diagnosis, antimicrobial resistance and 18. Dudeja N, Sinha B, Goyal N, Arya A, Revi A, Dutta A, More
antimicrobial management of invasive Salmonella D, Chakravarty A, Kumar CM, Rongsen-Chandola T.
infections. Clin  Microbiol Rev  2015;28:901-937. Association of water, sanitation, hygiene and food
https://doi.org/10.1128/CMR.00002-15 practices with enteric fever in a paediatric cohort in North

8. Crump JA, Sjolund-Karlsson M, Gordon MA, Parry CM. India. BMJ Paediatrics Open. 2022;6(1).

Epidemiology, clinical presentation, laboratory diagnosis, 19. Farooqui A, Khan A, Kazmi SU. Investigation of a
antimicrobial resistance, and antimicrobial management of community outbreak of typhoid fever associated with
invasive Salmonella infections. Clinical microbiology drinking water. BMC public health. 2009 Dec;9:1-6

reviews. 2015;28(4):901-37. 20. Saleem S, Parkash A, Jalil M, Mubashir F. Sensitivity pattern
https://doi.org/10.1128/CMR.00002-15 of Salmonella typhi from blood culture in paediatric

9. Baig U, Mehdi SM, Iftikhar N. A pattern of antibiotic drug population. Liaquat Nat J Prim Care. 2021;3(2):77-81.
resistance of Salmonella Typhi and Salmonella Paratyphi 21. Ahmad M, Shah N, Siddiqui MA. Frequency and Antibiotics
among children with enteric fever in a tertiary care hospital Sensitivity Pattern of Culture-Positive Salmonella Typhi in
in Lahore, Pakistan. Croat Med J. 2023;64(4):256. Children. J Coll Physicians Surg Pak 2023; 33(03):303-307
https://doi.org/10.3325/cmj.2023.64.256 https://doi.org/10.29271/jcpsp.2023.03.303

10. Akram J, Khan AS, Khan HA, Gilani SA, Akram SJ, Ahmad FJ, 22. Khan MZ, Ashraf S, Javed H, Zafar A, Khan FA, Rashid J.
et al. Extensively drug-resistant (XDR) typhoid: evolution, Clinical Spectrum of XDR and MDR Enteric Fever in Children
prevention, and its management. BioMed Res Int. Aged Between 6 Months to 15 Years at The Children's
2020;2020:6432580 Hospital, Lahore. Infect Dis J Pak. 2021;30(2):28-32
https://doi.org/10.1155/2020/6432580 23. Zakir M, Khan M, Umar MI, Murtaza G, Ashraf M, Shamim

11. Khan M, Shamim S. Understanding the mechanism of S. Emerging Trends of Multidrug-Resistant (MDR) and
antimicrobial resistance and pathogenesis of Salmonella Extensively Drug-Resistant (XDR) Salmonella Typhiin a
enterica Serovar Typhi. Microorganisms. 2022;10:2006 Tertiary Care Hospital of Lahore, Pakistan.Microorganisms.
https://doi.org/10.3390/microorganisms10102006 2021 Nov 30; 9(12):2484

12. Ashfaq S, Basra AM, Kaleem A, Ashraf S, Bokhari SMA,

Raheem M. A review on functional outcomes of intra-
Ann Pak Inst Med Sci Jan-Mar 2024 Vol. 20 No. 1 73


https://apims.net/apims/article/view/964
https://doi.org/10.4103/ijmr.IJMR_199_18
https://doi.org/10.1371/journal.pntd.0004616
https://doi.org/10.5005/jp-journals-10081-1230
https://doi.org/10.1016/S1473-3099(13)70241-X
https://doi.org/10.9734/ajrid/2019/v2i130092
https://doi.org/10.1128/CMR.00002-15
https://doi.org/10.1128/CMR.00002-15
https://doi.org/10.3325/cmj.2023.64.256
https://doi.org/10.1155/2020/6432580
https://doi.org/10.3390/microorganisms10102006
https://doi.org/10.29309/TPMJ/2023.30.10.7411
https://doi.org/10.7189/jogh.05.020407
https://doi.org/10.54034/mic.e1301
https://doi.org/10.7727/wimj.2014.354
https://doi.org/10.29271/jcpsp.2023.03.303

