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Abstract
Background
Typhoid is a serious public health concern with increasing antibiotic resistance. Early suspicion and choice
of susceptible antibiotics are key to avoiding the morbidity and mortality associated with this disease. We
have carried out this study to assess the antibiotic sensitivity of typhoidal salmonellae in Kharian, Pakistan.

Materials and methods
This cross-sectional study was carried out at Combined Military Hospital, Kharian, Pakistan, from January
2019 to September 2020. Blood culture specimens from patients clinically suspected of enteric fever were
tested through the BacT/ALERT 3D automated blood culture system. Positive microbial growth was further
identified by colony morphology, appropriate staining, biochemical testing, and Salmonella-specific
grouping sera. Salmonella typhi and Salmonella paratyphi A-C were further analyzed for antimicrobial
susceptibility using agar disc diffusion testing by the modified Kirby-Bauer technique. The Clinical and
Laboratory Standards Institute (CLSI) guidelines (2018-2020) document M-100 was followed for antibiotic
selection and assigning the sensitivity status of the isolates. Meropenem and azithromycin were additionally
tested keeping in view the possibility of encountering isolates with extensive antimicrobial resistance.

Results
A total of 315 blood culture samples were received during the study period. Of these, 239 (75.9%) reported
negative and 76 (24.1%) were positive. The mean age was 22.37 ± 12.39 years. There were 41 (53.9%) males
and 35 (46.1%) females. Salmonella enterica (combined Salmonella typhi and Salmonella paratyphi A) was
100% sensitive to azithromycin, meropenem, and imipenem. Ampicillin and chloramphenicol have 28.9%
sensitivity each. Ceftriaxone, co-trimoxazole, and ciprofloxacin revealed 64.5%, 23.7%, and 11.8%
sensitivity, respectively. Among them, 11.84% of the isolates were pan-sensitive, 35.5% of the cultures were
multidrug-resistant (MDR), and 35.5% of the cultures were extensively drug-resistant (XDR).

Conclusion
The study demonstrates that polyresistant typhoidal salmonellae are no more confined to a couple of
outbreaks in large cities of Pakistan. It is the tip of the iceberg, and the balance has tilted toward difficult-
to-treat typhoid and paratyphoid fevers all across the country owing to significant resistance to the
commonly used antityphoid antibiotics (cephalosporins and fluoroquinolones). Azithromycin and
carbapenems are offering the last line of defense against the rampant Salmonella typhi and Salmonella
paratyphi.
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Introduction
Enteric fever or typhoid and paratyphoid fevers are systemic illnesses caused by specific gram-negative
bacilli Salmonella typhi and Salmonella paratyphi A, B, and C belonging to the species Salmonella
enterica subspecies enterica. It is quite common in low-income and middle-income or developing regions of
the world with sub-Saharan Africa and South and Southeast Asia having a very high incidence of generally
over 100 cases per 100,000 population per year, and in certain parts, it even approaches 1,000 cases per
100,000 per year [1]. By contrast, high-income countries such as the United States of America and Western
Europe have an annual incidence of less than one case per 100,000 person-years. It is frequently associated
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with travelers returning from endemic regions of the world [2,3]. In low-income and middle-income
countries, typhoid is estimated to affect up to 11.9 million people, resulting in the death of 129,000 after
adjusting for water-related risk. Without adjusting for risk, the numbers rise as high as 20.6 million cases
and 223,000 deaths [4]. In comparison, Salmonella paratyphi A, the leading cause of paratyphoid fever across
the world, causes enteric fever in an estimated five million people annually [5].

The global threat to public health that is being posed by the high incidence of enteric fever in thickly
populated areas of the world is further compounded by the emergence of multidrug-resistant (MDR) strains
of Salmonella typhi and Salmonella paratyphi A [6]. The first-line antibiotics for treating enteric fever
consisted of ampicillin, chloramphenicol, and trimethoprim-sulfamethoxazole. However, in the 1980s,
widespread dissemination of IncH1 plasmids in Salmonella formed the basis of simultaneous resistance to all
these antibiotics, leading to the spread of multidrug-resistant (MDR) Salmonella. Subsequently, reduced
susceptibility and resistance to nalidixic acid and fluoroquinolones were increasingly reported [7]. This
compelled the use of third-generation cephalosporins such as ceftriaxone and cefotaxime as drugs of last
resort that were otherwise inferior to fluoroquinolones when compared to fluoroquinolone-susceptible
strains [8]. This results in greater chances of complications, longer times to defervescence, and potentially
longer hospital stay in serious cases. A particularly worrisome recent development is the emergence of
extensively drug-resistant (XDR) strains of Salmonella typhi and Salmonella paratyphi A due to the
acquisition of IncY plasmid carrying both qnrS and CTX-M-15 gene bla conferring resistance to both
fluoroquinolones and third-generation cephalosporins such as ceftriaxone [9].

The aim of this study is to analyze the antibiotic susceptibility pattern of various strains of Salmonella typhi
and Salmonella paratyphi isolated through blood culture of patients suffering from enteric fever in a hospital
situated in a peripheral tehsil (subdistrict) of Punjab province of Pakistan. This can help in determining the
frequency of MDR, fluoroquinolone-resistant, and XDR strains prevalent in a nonmetropolitan area of
Pakistan. Situational awareness of the antibiotic resistance pattern of typhoidal salmonellae in peripheral
areas will enable clinicians to select effective empirical antibiotics for their respective treatments. Moreover,
the study is likely to contribute to highlighting the gravity of this waterborne/foodborne infectious disease
as a public health hazard and steering resources toward prevention measures such as hygiene, sanitation,
clean water supply, and vaccination campaigns by public health authorities.

Materials And Methods
The study was carried out in Combined Military Hospital (CMH), Kharian (District Gujrat in Punjab),
Pakistan, from January 2019 to September 2020. All blood specimens for culture from patients clinically
suspected of suffering from enteric fever received at the pathology laboratory of CMH Kharian were included
in the study.

The study design was cross-sectional, in which 315 samples from patients suspected of suffering from
enteric fever were analyzed.

All age groups without any gender discrimination were made a part of the study.

All samples yielding growth of bacteria that routinely form a part of skin flora, e.g., coagulase-negative
staphylococci and diphtheroids, were considered to be contaminated and were excluded from the study. All
blood culture specimens from patients with an obvious or highly suspected focus of infection not routinely
associated with Salmonella typhi/Salmonella paratyphi infection, e.g., pneumonia, meningitis, UTI, and
surgical or burn wounds, were also excluded from the study.

Venous blood samples of the included patients were drawn using an aseptic technique, collected in sterile
BacT/ALERT blood culture bottles, and deposited in the hospital laboratory immediately for culture and
sensitivity testing.

Blood culture bottles were incubated in the BacT/ALERT 3D automated blood culture system following the
manufacturer’s instructions. Culture bottles signaling microbial growth were further subcultured on blood
and MacConkey agar plates. On the appearance of bacterial growth, colony morphological examination,
appropriate staining, and biochemical testing including triple sugar iron agar (TSI) agar, API 10S, and
Salmonella-specific grouping sera were employed for the identification of the obtained microbial growth.
Only Salmonella typhi and Salmonella paratyphi A-C were considered valid for the study and were further
analyzed through antimicrobial susceptibility testing.

Agar disc diffusion testing using the modified Kirby-Bauer technique was utilized for the purpose of
antimicrobial sensitivity testing. The Clinical and Laboratory Standards Institute (CLSI) guidelines (2018-
2020) document M-100 was followed for antibiotic selection and assigning the sensitivity status of the
isolates of Salmonella [10]. However, in addition to the document’s instructed testing of ampicillin,
chloramphenicol, trimethoprim-sulfamethoxazole, and third-generation cephalosporin (ceftriaxone) for the
extraintestinal isolates of Salmonella, imipenem, meropenem, and azithromycin were also tested, keeping in
view the possibility of encountering isolates with extensive antimicrobial resistance. The Clinical and
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Laboratory Standards Institute (CLSI) document M-100’s breakpoints of these antimicrobials for
Enterobacteriaceae, in general, were taken as a reference while assigning sensitivity to the respective
isolates.

Each of the isolates was assigned a sensitivity category of fully susceptible, multidrug-resistant (MDR), or
extensively drug-resistant (XDR) salmonellae during data analysis as per the operational definition.
Typhoidal salmonellae include Salmonella enterica serovar Typhi and Paratyphi A-C. The Salmonella isolates
susceptible to all the tested drugs were called “fully susceptible.” Chloramphenicol, ampicillin, and co-
trimoxazole are first-line antibiotics against typhoidal salmonella. The Salmonella isolates found to have
intermediate or resistant disc diffusion zones against ciprofloxacin as per the CLSI (2018-2020) M-100
document were “ciprofloxacin non-susceptible isolates.” The Salmonella isolates found to be simultaneously
resistant to ampicillin, chloramphenicol, and trimethoprim-sulfamethoxazole upon sensitivity testing using
the current CLSI guidelines were termed “MDR isolates.” The Salmonella isolates found to be resistant to
fluoroquinolones and third-generation cephalosporin (ceftriaxone) in addition to ampicillin,
chloramphenicol, and trimethoprim-sulfamethoxazole upon sensitivity testing using the current CLSI
guidelines were called “XDR isolates.”

Data including age, gender, and microorganism isolated from blood culture were entered in Statistical
Package for Social Sciences (SPSS) version 21.0 (IBM Corp., Armonk, NY, USA) and analyzed. Percentages
were used to express frequencies.

Results
A total of 315 blood culture samples were included. Out of which, 239 (75.9%) reported negative and 76
(24.1%) were positive. The age range of cases was 2-70 years. The mean age was 22.37 ± 12.39 years. There
were 41 (53.9%) males and 35 (46.1%) females. There were seven (9.2%) cases under five years, 15 (19.7%)
between six and 15 years, 53 (69.7%) between 16 and 50 years, and the last case was >50 years, as presented
in Table 1.

Age Groups Frequency (N) Percentage

<5 years 7 9.2

6-15 years 15 19.7

16-50 years 53 69.7

>50 years 1 1.3

Total 76 100

TABLE 1: Age Groups of Cases

The sensitivity of isolated Salmonella enterica (combined Salmonella typhi and Salmonella paratyphi A) is
shown in Table 2. There was 100% sensitivity of isolated microbes to azithromycin, meropenem, and
imipenem. Ampicillin and chloramphenicol have 28.9% sensitivity. Co-trimoxazole showed 23.7%
sensitivity. Ciprofloxacin had 11.8% sensitivity, and ceftriaxone was able to eradicate 64.5% of microbes. Of
these, nine (11.84%) isolates were pan-sensitive. Out of the rest, 67 (88.15%) isolates were ciprofloxacin
non-susceptible, 27 (35.5%) cultures were MDR, and 27 (35.5%) cultures were XDR.
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Antibiotics Sensitive (n (%)) Resistant (n (%)) Intermediate (n (%)) Total

Ampicillin 22 (28.9%) 54 (71.1%) - 76

Chloramphenicol 22 (28.9%) 54 (71.1%) - 76

Co-trimoxazole 18 (23.7%) 58 (76.3%) - 76

Ciprofloxacin 9 (11.8%) 32 (42.1%) 35 (46.1%) 76

Ceftriaxone 49 (64.5%) 27 (35.5%) - 76

Azithromycin 76 (100%) 0 (0%) - 76

Meropenem 76 (100%) 0 (0%) - 76

Imipenem 76 (100%) 0 (0%) - 76

TABLE 2: Isolated Salmonella enterica (combined Salmonella typhi and Salmonella paratyphi A)
Sensitivity

The sensitivity of Salmonella typhi species is presented in Table 3. Azithromycin, meropenem, and imipenem
were 100% sensitive. Ampicillin, chloramphenicol, and co-trimoxazole were only 10.9% sensitive.
Ceftriaxone showed 50.9% sensitivity. Ciprofloxacin was sensitive in only 5.5% of cases. Of these, three
(5.45%) isolates were pan-sensitive, 52 (94.54%) were ciprofloxacin non-susceptible, 22 (40%) isolates were
MDR, and 27 (49.09%) isolates were XDR.

Antibiotics Sensitive (n (%)) Resistant (n (%)) Intermediate (n (%)) Total

Ampicillin 6 (10.9%) 49 (89.1%) - 55

Chloramphenicol 6 (10.9%) 49 (89.1%) - 55

Co-trimoxazole 6 (10.9%) 49 (89.1%) - 55

Ciprofloxacin 3 (5.5%) 29 (52.7%) 23 (41.8%) 55

Ceftriaxone 28 (50.9%) 27 (49.1%) - 55

Azithromycin 55 (100%) 0 (0%) - 55

Meropenem 55 (100%) 0 (0%) - 55

Imipenem 55 (100%) 0 (0%) - 55

TABLE 3: Salmonella typhi Sensitivity

The sensitivity pattern of antibiotics against Salmonella paratyphi A species is presented in Table 4.
Azithromycin, meropenem, imipenem, and ceftriaxone were 100% sensitive to Salmonella paratyphi A.
Ampicillin was 76.2%, chloramphenicol was 80.9%, co-trimoxazole was 57.1%, and ciprofloxacin was 28.6%
sensitive. Six (28.57%) isolates were pan-sensitive, 15 (71.42%) were ciprofloxacin non-susceptible, four
(19.04%) isolates were MDR, and no (0%) culture was XDR.
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Antibiotics Sensitive (n (%)) Resistant (n (%)) Intermediate (n (%)) Total

Ampicillin 16 (76.2%) 5 (23.8%) - 21

Chloramphenicol 17 (80.9%) 4 (19.1%) - 21

Co-trimoxazole 12 (57.1%) 9 (42.9%) - 21

Ciprofloxacin 6 (28.6%) - 15 (71.4%) 21

Ceftriaxone 21 (100%) 0 (0%) - 21

Azithromycin 21 (100%) 0 (0%) - 21

Meropenem 21 (100%) 0 (0%) - 21

Imipenem 21 (100%) 0 (0%) - 21

TABLE 4: Sensitivity of Salmonella paratyphi A

Discussion
In our study, over 49% of Salmonella typhi were found to be XDR strains. However, no resistance was noted
against the tested carbapenems or azithromycin. In contrast, 100% of the isolates of Salmonella paratyphi A
were sensitive to the tested third-generation cephalosporin (ceftriaxone), although the percentage of MDR
strains was quite high at 19.04%.

Today, typhoid and paratyphoid fevers appear to have a receding course globally, but with over 14.3 million
cases worldwide in 2017, enteric fever is still among the biggest healthcare-related challenges that low-
income and middle-income countries face [1]. Moreover, the escalating threat of antibiotic resistance among
typhoidal Salmonella strains demands a close watch on the spread of such strains [11-13]. This study is one
such attempt to figure out the actual prevailing situation of antibiotic-resistant typhoidal salmonellae
causing enteric fever in the upper Punjab region of Pakistan.

In our study, only 76 (24.1%) samples yielded growth of typhoidal Salmonella enterica upon culture. This is
much lower than the expected positivity of blood culture for Salmonella, which is around 40%-65% in several
studies [14-16]. Antillon et al. found that only 60% of individuals with typhoid fever on average test positive
on blood culture [14]. In the same study, it was found that the sensitivity ranged from 51% to 65% depending
on the quantity of blood used for culture. In another study, Parry et al. found the sensitivity of blood culture
to range from 40% to 60% for Salmonella typhi [15]. Similarly, many disease burden studies have used a
generally accepted sensitivity rate of 50% as a correction factor [16]. The primary reason for the lower than
the expected sensitivity of blood culture in our study may be because of the use of a significantly lower
quantity of blood than that recommended for the test. In order to maximize the yield of blood culture, the
World Health Organization (WHO) recommends testing 10-15 mL of blood from adults and school children
and 2-4 mL of blood from preschool children [16]. However, in real practice, such recommendations are
frequently skipped especially when the blood is not collected under the direct supervision of a trained
laboratory phlebotomist as in the case of patients admitted to general medical wards. Another well-
established common reason for the low yield of blood culture is prior use of antibiotics by the patient before
performing blood culture [14,17]. However, there are published studies that have encountered even lower
yield for Salmonella enterica upon blood culture from clinically suspected enteric fever cases. Bhetwal et
al. found a blood culture positivity rate of only 10.6% in clinically suspected enteric fever cases in a similar
study conducted in Kathmandu, Nepal [11]. Similarly, Sharma et al. found an 8.9% positivity and Shrestha et
al. obtained a 13.3% positive yield in their respective studies [18,19]. In another regional study conducted by
Easow et al., a 15.6% culture positivity rate was encountered [20]. In these studies, the lower rate of blood
culture positivity in enteric fever cases was suspected to be a consequence of antibiotic use prior to blood
culture specimen collection and the use of lower than the recommended volume of blood for culture. Self-
medication with antibiotics before arrival at the hospital might have a role in this as pointed out in the study
of Bhetwal et al. [11]. A large number of febrile illnesses in enteric fever endemic areas are caused by
alternative infective causes other than Salmonella typhi or Salmonella paratyphi A, B, or C [21]. Clinically,
these may mimic enteric fever by presenting as mild to moderate to severe febrile illnesses with high
mortality rates [22]. Studies indicate that various infections in Africa, Asia, and other enteric fever endemic
areas, such as malaria, arboviral infections including dengue, and bacterial zoonoses such as leptospirosis
and rickettsiosis, vastly outnumber collectively the cases of enteric fever as a cause of febrile illness in these
areas [23-29]. Most of these agents require special techniques for culture or are diagnosed through means
apart from culture. These cases are altogether missed in the regular blood culture technique used for enteric
fever and result in a lower than the expected blood culture positivity rate for enteric fever.
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The cases ranged in age from two years to 70 years with a mean age of 22 years and a slight male
predominance (53.9% males versus 46.1% females). The finding seconds the results of other regional studies
by Bhetwal et al. (60.8% males) [11]. The same study found that 72.6% of cases occurred in the 15-44 year age
group. Our study observed that 69.7% of cases were of a similar age group (16-50 years). In our view, this age
group, in general, has a significant share of outdoor activities that places them at a greater risk of exposure
to contaminated food and water sources. Even more importantly, about 9% of the culture-confirmed cases
were under five years of age. This has a special significance since the FDA-approved injectable Vi-capsular
vaccine and live-attenuated oral vaccines are only licensed for over two and five years of age, respectively.
Thus, improving the infrastructure of hygiene and sanitation is the only way to prevent the disease in this
age group, which may be more difficult to achieve on a national scale than the administration of vaccines.

Salmonella enterica serotype Typhi caused 76.3% of cases of enteric fever globally in 2017 [1]. Our study
matches this finding quite closely as Salmonella typhi was isolated in 72.36% of blood culture-positive cases
versus 27.64% of cases of Salmonella paratyphi A. Some of the other regional studies also come up with
similar results [11,30]. However, there are other local and regional studies that have found a much higher
proportion of Salmonella paratyphi A causing enteric fever [31,32]. Overall, only 11.84% of the cultured
Salmonella enterica isolates in this study were sensitive to all of the antibiotics tested; 35.5% were MDR
strains, while an alarmingly high 35.5% were XDR strains. While analyzing Salmonella typhi and Salmonella
paratyphi A individually, it is quite apparent that antibiotic resistance is way more prevalent in Salmonella
typhi. A whopping >49% of the isolated Salmonella typhi were XDR strains, while 40% were MDR. Only 11% of
the Salmonella typhi isolates were sensitive to first-line antibiotics (ampicillin, co-trimoxazole, and
chloramphenicol). Fortunately, no XDR pattern was noted in Salmonella paratyphi A isolates in this study;
however, 19% of these were MDR, and a very high percentage (71.42%) were ciprofloxacin non-susceptible.
The majority of the isolated Salmonella paratyphi A (57.1%) were sensitive to first-line antibiotics. The
progressive emergence of resistance against various classes of antibiotics in typhoidal salmonellae has been
the trend throughout the antibiotic management history of this organism. Widely prevalent globally and
with very high mortality a century ago, the treatment was revolutionized upon the introduction of
chloramphenicol against it in the middle of the 20th century. However, sporadic cases of drug resistance
appeared soon that gradually increased in proportion, and ampicillin and co-trimoxazole became the
mainstay of enteric fever treatment. By the 1980s, multidrug resistance against all these three first-line
antibiotics was being encountered worldwide, and fluoroquinolones assumed a pivotal role in the treatment.
However, the rise of resistance did not halt, and non-susceptibility to fluoroquinolones forced the
authorities to start using third-generation cephalosporins against typhoidal salmonellae during the last two
decades. The recent large outbreak of enteric fever caused by third-generation cephalosporin-resistant
Salmonella typhi in Pakistan’s southern city of Hyderabad observed in late 2016 once again reminds us of the
trend of progressive acquiring of escalating resistance by enteric salmonellae. This confronts us with a
frustrating situation of inability to find a choice of effective antibiotics against these superbugs. Earlier
studies soon after this outbreak still showed a good sensitivity of enteric salmonellae to third-generation
cephalosporins locally [31,33]. However, more recent studies paint a more disturbing picture, showing a high
prevalence of XDR Salmonella typhi in the largest metropolitan cities of Pakistan [13,34]. With an
increasingly stronger foothold of XDR salmonellae in large metropolitan cities of Pakistan, the international
spread was feared, and it has indeed taken place. In its weekly morbidity and mortality report of January
2019, the CDC has reported five cases of XDR Salmonella typhi from travelers between the United States and
Pakistan [35].

This study has brought to light an exceedingly distressful development of XDR typhoidal salmonellae now
spilling over from large metropolitan cities of Pakistan to large semi-urban/suburban and rural areas of
upper Punjab province and probably other areas of Pakistan. The isolated salmonellae exhibited 100%
sensitivity to carbapenems and azithromycin that remain effective for now. However, looking at the history
of the development of antibiotic resistance in these bacteria, it can only be desperately wished that any
future resistance is delayed sufficiently until the formulation of subsequent effective therapy. In fact,
resistance against azithromycin has been seen in both Salmonella typhi and Salmonella paratyphi A in a
regional study [36]. In a low-income country like Pakistan, the vast spread of XDR Salmonella can play havoc
with the healthcare system since carbapenems are costly and hospitalizations in large numbers may come at
a cost too high to be borne either privately or by the government. It must be kept in mind that the mortality
of typhoid dropped down to under 1% only after the use of effective antibiotics; failure to find any treatment
in the future might launch it back to 15% or higher, resulting in a number of death that we must all fear to
imagine.

Limitation of study
The venous blood samples were drawn for blood culture while the patients were already receiving
antibiotics. In addition, the majority of patients practice self-medication at home after they get sick. Few
patients are also prescribed empirical antibiotics by general physicians before being referred to tertiary care
hospitals for necessary treatment. All these factors alter the culture sensitivity results of the patients. The
quantity of venous blood drawn for culture and sensitivity was not standardized, which can also be a
potential limitation to the study.

Conclusions
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The study demonstrates that polyresistant typhoidal salmonellae are no more confined to a couple of
outbreaks in large cities of Pakistan. It is the tip of the iceberg, and the balance has tilted toward difficult-
to-treat typhoid and paratyphoid fevers all across the country owing to significant resistance to the
commonly used antityphoid antibiotics (cephalosporins and fluoroquinolones). Azithromycin and
carbapenems are offering the last line of defense against the
rampant Salmonella typhi and Salmonella paratyphi.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. The ethical review
committee of Combined Military Hospital (CMH), Kharian, Pakistan, issued approval 201/20. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. GBD 2017 Typhoid and Paratyphoid Collaborators: The global burden of typhoid and paratyphoid fevers: a

systematic analysis for the Global Burden of Disease Study 2017. Lancet Infect Dis. 2019, 19:369-81.
10.1016/S1473-3099(18)30685-6

2. Jensenius M, Han PV, Schlagenhauf P, et al.: Acute and potentially life-threatening tropical diseases in
western travelers--a GeoSentinel multicenter study, 1996-2011. Am J Trop Med Hyg. 2013, 88:397-404.
10.4269/ajtmh.12-0551

3. Imanishi M, Newton AE, Vieira AR, et al.: Typhoid fever acquired in the United States, 1999-2010:
epidemiology, microbiology, and use of a space-time scan statistic for outbreak detection. Epidemiol Infect.
2015, 143:2343-54. 10.1017/S0950268814003021

4. Mogasale V, Maskery B, Ochiai RL, et al.: Burden of typhoid fever in low-income and middle-income
countries: a systematic, literature-based update with risk-factor adjustment. Lancet Glob Health. 2014,
2:e570-80. 10.1016/S2214-109X(14)70301-8

5. Buckle GC, Walker CL, Black RE: Typhoid fever and paratyphoid fever: systematic review to estimate global
morbidity and mortality for 2010. J Glob Health. 2012, 2:010401. 10.7189/jogh.02.010401

6. Centers for Disease Control and Prevention: Antibiotic resistance threats in the United States . (2013).
https://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf.

7. Joshi S, Amarnath SK: Fluoroquinolone resistance in Salmonella typhi and S. paratyphi A in Bangalore,
India. Trans R Soc Trop Med Hyg. 2007, 101:308-10. 10.1016/j.trstmh.2006.05.009

8. Thaver D, Zaidi AK, Critchley J, Azmatullah A, Madni SA, Bhutta ZA: A comparison of fluoroquinolones
versus other antibiotics for treating enteric fever: meta-analysis. BMJ. 2009, 338:b1865. 10.1136/bmj.b1865

9. Andrews JR, Qamar FN, Charles RC, Ryan ET: Extensively drug-resistant typhoid - are conjugate vaccines
arriving just in time?. N Engl J Med. 2018, 379:1493-5. 10.1056/NEJMp1803926

10. Clinical and Laboratory Standards Institute: M100: Performance standards for antimicrobial susceptibility
testing, 30th editions. (2020). Accessed: June 19, 2022: https://clsi.org/media/2663/m100ed29_sample.pdf.

11. Bhetwal A, Maharjan A, Khanal PR, Parajuli NP: Enteric fever caused by Salmonella enterica serovars with
reduced susceptibility of fluoroquinolones at a community based teaching hospital of Nepal. Int J Microbiol.
2017, 2017:2869458. 10.1155/2017/2869458

12. Mutai WC, Muigai AW, Waiyaki P, Kariuki S: Multi-drug resistant Salmonella enterica serovar Typhi isolates
with reduced susceptibility to ciprofloxacin in Kenya. BMC Microbiol. 2018, 18:187. 10.1186/s12866-018-
1332-3

13. Latif S, Zia A, Ali SB, Hafeez S: Extensively drug resistant typhoid fever seen at tertiary care hospital in
Lahore. Inf Dis J Pak. 2019, 28:51-4.

14. Antillon M, Saad NJ, Baker S, Pollard AJ, Pitzer VE: The relationship between blood sample volume and
diagnostic sensitivity of blood culture for typhoid and paratyphoid fever: a systematic review and meta-
analysis. J Infect Dis. 2018, 218:S255-67. 10.1093/infdis/jiy471

15. Parry CM, Wijedoru L, Arjyal A, Baker S: The utility of diagnostic tests for enteric fever in endemic locations .
Expert Rev Anti Infect Ther. 2011, 9:711-25. 10.1586/eri.11.47

16. World Health Organization (WHO): Background document: The diagnosis, treatment and prevention of
typhoid fever, Geneva. (2003). https://www.glowm.com/pdf/WHO-diagnosis%20treatment%20preventi.

17. Wain J, Diep TS, Ho VA, Walsh AM, Nguyen TT, Parry CM, White NJ: Quantitation of bacteria in blood of
typhoid fever patients and relationship between counts and clinical features, transmissibility, and antibiotic
resistance. J Clin Microbiol. 1998, 36:1683-7. 10.1128/JCM.36.6.1683-1687.1998

18. Sharma N, Koju R, Karmacharya B, et al.: Typhoid fever in Dhulikhel hospital, Nepal . Kathmandu Univ Med J
(KUMJ). 2004, 2:188-92.

19. Shrestha KL, Pant ND, Bhandari R, Khatri S, Shrestha B, Lekhak B: Re-emergence of the susceptibility of the
Salmonella spp. isolated from blood samples to conventional first line antibiotics. Antimicrob Resist Infect
Control. 2016, 5:22. 10.1186/s13756-016-0121-8

20. Easow JM, Joseph NM, Dhungel BA, Chapagain B, Shivananda PG: Blood stream infections among febrile
patients attending a teaching hospital in western region of Nepal. Australas Medical J. 2010, 3:633-7.
10.4066/AMJ.2010.422

2022 Ashraf Hussain et al. Cureus 14(6): e26189. DOI 10.7759/cureus.26189 7 of 8

https://dx.doi.org/10.1016/S1473-3099(18)30685-6
https://dx.doi.org/10.1016/S1473-3099(18)30685-6
https://dx.doi.org/10.4269/ajtmh.12-0551
https://dx.doi.org/10.4269/ajtmh.12-0551
https://dx.doi.org/10.1017/S0950268814003021
https://dx.doi.org/10.1017/S0950268814003021
https://dx.doi.org/10.1016/S2214-109X(14)70301-8
https://dx.doi.org/10.1016/S2214-109X(14)70301-8
https://dx.doi.org/10.7189/jogh.02.010401
https://dx.doi.org/10.7189/jogh.02.010401
https://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf
https://www.cdc.gov/drugresistance/pdf/ar-threats-2013-508.pdf
https://dx.doi.org/10.1016/j.trstmh.2006.05.009
https://dx.doi.org/10.1016/j.trstmh.2006.05.009
https://dx.doi.org/10.1136/bmj.b1865
https://dx.doi.org/10.1136/bmj.b1865
https://dx.doi.org/10.1056/NEJMp1803926
https://dx.doi.org/10.1056/NEJMp1803926
https://clsi.org/media/2663/m100ed29_sample.pdf
https://clsi.org/media/2663/m100ed29_sample.pdf
https://dx.doi.org/10.1155/2017/2869458
https://dx.doi.org/10.1155/2017/2869458
https://dx.doi.org/10.1186/s12866-018-1332-3
https://dx.doi.org/10.1186/s12866-018-1332-3
https://www.mmidsp.com/wp-content/uploads/2020/02/Pages-Jul-Sep-19.pdf
https://dx.doi.org/10.1093/infdis/jiy471
https://dx.doi.org/10.1093/infdis/jiy471
https://dx.doi.org/10.1586/eri.11.47
https://dx.doi.org/10.1586/eri.11.47
https://www.glowm.com/pdf/WHO-diagnosis treatment preventi
https://www.glowm.com/pdf/WHO-diagnosis treatment preventi
https://dx.doi.org/10.1128/JCM.36.6.1683-1687.1998
https://dx.doi.org/10.1128/JCM.36.6.1683-1687.1998
https://dx.doi.org/10.1186/s13756-016-0121-8
https://dx.doi.org/10.1186/s13756-016-0121-8
https://dx.doi.org/10.4066/AMJ.2010.422
https://dx.doi.org/10.4066/AMJ.2010.422


21. Bhargava A, Ralph R, Chatterjee B, Bottieau E: Assessment and initial management of acute
undifferentiated fever in tropical and subtropical regions. BMJ. 2018, 363:k4766. 10.1136/bmj.k4766

22. Prasad N, Murdoch DR, Reyburn H, Crump JA: Etiology of severe febrile illness in low- and middle-income
countries: a systematic review. PLoS One. 2015, 10:e0127962. 10.1371/journal.pone.0127962

23. Crump JA, Morrissey AB, Nicholson WL, et al.: Etiology of severe non-malaria febrile illness in Northern
Tanzania: a prospective cohort study. PLoS Negl Trop Dis. 2013, 7:e2324. 10.1371/journal.pntd.0002324

24. Limmathurotsakul D, Wongratanacheewin S, Teerawattanasook N, et al.: Increasing incidence of human
melioidosis in Northeast Thailand. Am J Trop Med Hyg. 2010, 82:1113-7. 10.4269/ajtmh.2010.10-0038

25. Chrispal A, Boorugu H, Gopinath KG, et al.: Acute undifferentiated febrile illness in adult hospitalized
patients: the disease spectrum and diagnostic predictors - an experience from a tertiary care hospital in
South India. Trop Doct. 2010, 40:230-4. 10.1258/td.2010.100132

26. Suttinont C, Losuwanaluk K, Niwatayakul K, et al.: Causes of acute, undifferentiated, febrile illness in rural
Thailand: results of a prospective observational study. Ann Trop Med Parasitol. 2006, 100:363-70.
10.1179/136485906X112158

27. Manock SR, Jacobsen KH, de Bravo NB, et al.: Etiology of acute undifferentiated febrile illness in the
Amazon basin of Ecuador. Am J Trop Med Hyg. 2009, 81:146-51.

28. Susilawati TN, McBride WJ: Acute undifferentiated fever in Asia: a review of the literature . Southeast Asian J
Trop Med Public Health. 2014, 45:719-26.

29. Mørch K, Manoharan A, Chandy S, et al.: Acute undifferentiated fever in India: a multicentre study of
aetiology and diagnostic accuracy. BMC Infect Dis. 2017, 17:665. 10.1186/s12879-017-2764-3

30. Adhikari D, Acharya D, Shrestha P, Amatya R: Ciprofloxacin susceptibility of Salmonella enteric serovar
Typhi and Paratyphi A from blood samples of suspected enteric fever patients. Int J Infect Microbiol. 2012,
1:9-13. 10.3126/ijim.v1i1.6938

31. Zehra NM, Irfan F, Mirza IA, Imtiaz A, Nadeem S, Hameed F: Current trends of antimicrobial susceptibility
of typhoidal salmonellae isolated at tertiary care hospital. J Coll Physicians Surg Pak. 2017, 27:690-2.

32. Pramod P, Binod L, Ritu A, Sharad B, Prakash P: Enteric fever caused by Salmonella enterica serovar
paratyphi A: an emerging health concern in Nepal. Afr J Microbiol Res. 2016, 10:1784-91.
10.5897/AJMR2016.8281

33. Malik N, Ahmed M: In vitro effect of new antibiotics against clinical isolates of Salmonella typhi . J Coll
Physicians Surg Pak. 2016, 26:288-92.

34. Fatima G, Kazmi SS, Kainat S: XDR/MDR Salmonella: an experience from a tertiary care hospital, Karachi,
Pakistan. Int J Infect Dis. 2020, 101:37. 10.1016/j.ijid.2020.09.131

35. Chatham-Stephens K, Medalla F, Hughes M, et al.: Emergence of extensively drug-resistant Salmonella
typhi infections among travelers to or from Pakistan - United States, 2016-2018. MMWR Morb Mortal Wkly
Rep. 2019, 68:11-3. 10.15585/mmwr.mm6801a3

36. Sharma P, Kumari B, Dahiya S, et al.: Azithromycin resistance mechanisms in typhoidal salmonellae in
India: a 25 years analysis. Indian J Med Res. 2019, 149:404-11. 10.4103/ijmr.IJMR_1302_17

2022 Ashraf Hussain et al. Cureus 14(6): e26189. DOI 10.7759/cureus.26189 8 of 8

https://dx.doi.org/10.1136/bmj.k4766
https://dx.doi.org/10.1136/bmj.k4766
https://dx.doi.org/10.1371/journal.pone.0127962
https://dx.doi.org/10.1371/journal.pone.0127962
https://dx.doi.org/10.1371/journal.pntd.0002324
https://dx.doi.org/10.1371/journal.pntd.0002324
https://dx.doi.org/10.4269/ajtmh.2010.10-0038
https://dx.doi.org/10.4269/ajtmh.2010.10-0038
https://dx.doi.org/10.1258/td.2010.100132
https://dx.doi.org/10.1258/td.2010.100132
https://dx.doi.org/10.1179/136485906X112158
https://dx.doi.org/10.1179/136485906X112158
https://pubmed.ncbi.nlm.nih.gov/19556580/
https://dx.doi.org/10.1186/s12879-017-2764-3
https://dx.doi.org/10.1186/s12879-017-2764-3
https://dx.doi.org/10.3126/ijim.v1i1.6938
https://dx.doi.org/10.3126/ijim.v1i1.6938
https://pubmed.ncbi.nlm.nih.gov/29132479/
https://dx.doi.org/10.5897/AJMR2016.8281
https://dx.doi.org/10.5897/AJMR2016.8281
https://pubmed.ncbi.nlm.nih.gov/27097699/
https://dx.doi.org/10.1016/j.ijid.2020.09.131
https://dx.doi.org/10.1016/j.ijid.2020.09.131
https://dx.doi.org/10.15585/mmwr.mm6801a3
https://dx.doi.org/10.15585/mmwr.mm6801a3
https://dx.doi.org/10.4103/ijmr.IJMR_1302_17
https://dx.doi.org/10.4103/ijmr.IJMR_1302_17

	Extensively Drug-Resistant Typhoidal Salmonellae: Are These Bugs Swarming Into Suburban and Rural Areas of Pakistan?
	Abstract
	Background
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Results
	TABLE 1: Age Groups of Cases
	TABLE 2: Isolated Salmonella enterica (combined Salmonella typhi and Salmonella paratyphi A) Sensitivity
	TABLE 3: Salmonella typhi Sensitivity
	TABLE 4: Sensitivity of Salmonella paratyphi A

	Discussion
	Limitation of study

	Conclusions
	Additional Information
	Disclosures

	References


