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Extensive�Drug-Resistant�Typhoid�Fever�
Prevention�and�Management�in�Pakistan:�
A�Challenge�to�Public�Health
B I LAL �I R FAN ,  I H S A A N  Y A S I N ,  A N D  D E N I S E  K I R S C H N E R

Typhoid fever is a bacterial infection that largely spreads through contamination in 
food and water, as well as by close contact, and displays many cold-like symptoms 
in addition to more severe gastrointestinal, muscle, and life-threatening states. The 
emergence of a new, extensive drug-resistant (XDR) strain in Hyderabad, Pakistan, 
in 2016 resulted in the need for stronger antimicrobials to combat the pathogen. 
Despite vaccination and contact tracing interventions, the multi-drug resistance 
and fitness of the H58 strain Salmonella enterica serovar Typhi contributed to the 
rapid spread of typhoid fever in Pakistan. Vaccination is at the forefront of efforts 
attempting to combat XDR typhoid fever cases in Pakistan, and public education 
systems and schools should prioritize health classes that pertain to the spread of 
the disease and what steps individuals can take to be safe, as well as social media 
infographics circulated through Instagram and Facebook with popular hashtags to 
reach target audiences. A robust and forward-thinking approach needs to be taken 
by the Pakistani government to use its budget and international funding in the 
sectors of health and education to ensure disease prevention.

Introduction

Typhoid fever, a result of the Salmonella enterica serovar Typhi (S. typhi), is a bac-
terial infection that largely spreads through contamination in food and water, as 
well as by close contact. Those infected by S. typhi may develop typhoid fever 
(typhoid), displaying many cold-like symptoms in addition to more severe 
gastrointestinal, muscle, and life-threatening states. Fevers of up to 103–104°F 
(39–40°C) are commonplace alongside coughs, stomachaches, and lethargy.1,2 
South Asia is a leading region in the world in the number of typhoid cases, with 
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exacerbate the spread of typhoid.9 In Pakistan, economic turmoil and foreign 
debts, which leave just $151 million for the country’s whole healthcare system, are 
important contributors to the outbreak of typhoid. Given that over 40% of the pop-
ulation that falls below the poverty line reside in slums and congested regions, the 
current rates of investment in healthcare fall acutely short of fulfilling the country’s 
needs.10 Airborne infections are caused by inadequate sanitation facilities, lack of 
clean food supply, and inaccessibility of clean drinking water.11 In addition, insuf-
ficient money prevents the provision of acceptable residential infrastructure and 
common sanitary practices despite the development of basic health services estab-
lished by government agencies in neighboring municipalities. Thus, a lot of doctors 
hesitate to work in rural regions. As a result, many people are unable to access 
medical care or guidance, increasing the incidence and mortality of typhoid.12

Potential carriers from impoverished regions go to urban centers in pursuit 
of secure employment or as a last resort to escape poverty, leading to an increase 
in typhoid fever cases among city residents.11 Although plenty of individuals 
prefer food from the streets, there are significant rates of typhoid infections that 
are brought on as a result. Estimates range from 70% to 90% in reports of see-
ing animals, flies, other insects, or liquid waste in locations where meals are 
prepared.13 Food goods are frequently contaminated by dust and animal drop-
pings when carts are parked near or over drains. Drains can be a source of water 
and food remnants, thus attracting insects, rodents, birds, as well as pests and 
other contaminants if not cleaned properly. There is also the potential for air-
borne transmission through windblown particles of dust and debris entering 
food products. Many vendors handle food without following standard sanitary 
procedures, such as cleaning their hands with soap and water after handling raw 
ingredients, cash, or food packaging.14 Cross-contamination is common since 
improperly cleaned surfaces can still have food preparation residue on them.

Most rural communities do not have access to services like faucets, wash 
basins, and individual hygiene supplies; thus, rivers and water wells are the 
main sources of drinking water there. In addition, a lot of the water they receive 
is not fit for human consumption because it has not undergone quality testing 
and may have high bacterial loads.15 Furthermore, companies that use their 
property as a landfill pollute their water supplies. All of these elements work 
together to severely pollute the environment and contaminate their sole water 
supplies, raising the possibility of developing Salmonella infections. Due to poor 
personal as well as sanitary hygiene practices, rural communities are more sus-
ceptible to typhoid. This is clearly given in that over 25 million individuals in 
Pakistan practice open defecation in vegetation, waterways, and on highways, 
further increasing the potential for pathogen transmission.16

Karachi has been noted to also have the presence of many microbial contam-
inants within its various water supplies, suggesting how the consumption of 
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typhoid cases were reported to have occurred within a span of 10 days in the 
summer of 2020 with co-infections of SARS-CoV-2.5

Healthcare practitioners all around the country are finding it difficult to 
control the XDR-typhoid strain given the variety of challenges faced. Azithro-
mycin, an antibiotic used to treat a wide range of bacterial infections, is still 
the sole accessible oral treatment choice among the three medicines frequently 
used to treat XDR-typhoid fever, making it the final line of defense for treating 
patients in an outpatient environment. Nevertheless, XDR-typhoid is becom-
ing more resistant to the administration of azithromycin, according to recent 
investigations.22 As a result of this, physicians are being forced to inject both 
tigecycline and carbapenem, which are typically reserved as the last-resort 
treatment for typhoid fever. Due to their high cost and relative inaccessibility 
to the impoverished population in developing nations, many of these medica-
tions require in-patient treatment.11 In addition, when instances of XDR-typhoid 
fever epidemics started to climb at an alarming rate, authorities in a number 
of nations expressed worry over the coming global impact of these outbreaks. 

Figure 1: Extensive Drug-Resistant Typhoid Cases per Year in Sindh Province, Pakistan 
(2017–2021) (This graph was formulated using data released in the Pakistan Weekly Field 
Epidemiology Report (08/25/2021) by the National Institute of Health (NIH) Islamabad. 
Data for 2021 is only until August 21.8)
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produce acid shock proteins and its strong outer membrane and cell wall. The outer 
membrane of Salmonella is asymmetric, with the inner layer consisting of a phos-
pholipid layer and the outer layer a lipopolysaccharide layer, which is divided into 
three regions: lipid A, core, and O polysaccharides.26 This complex outer region 
of Salmonella has been suggested to have provided high virulence since the poly-
saccharide layer has a number of benefits, including but not limited to retaining 
water, providing protection against antibiotics, and containing efflux pumps that 
can remove antibiotics Jamilah. This gives Salmonella a high level of survivability, 
which has been essential in allowing it to spread throughout Pakistan.

Haplotype 58 has the above structural characteristics, but there are a number 
of genetic mutations that have provided it with even more increased resistance. 
These mutations consist of genes that code for polysaccharides and a more effec-
tive typhoid toxin, which causes typhoid fever.26 Furthermore, Haplotype 58 
strains have undergone a mutation that causes increased expression in the rpoS 
gene, which is a stress response regulator. This allows increased survivability 
in extreme environments and more resistance to antibiotics due to the release 
of pertinent proteins for protection.27 To conclude, Haplotype 58 has expressed 
a variety of mutations, many not yet understood, that have directly led to 
increased transmission and drug resistance, which has made it difficult to con-
tain its spread within Pakistan and provide potential treatments to the people.

Conclusions

Treatment, Preventative Measures, and Recommendations

Vaccination is at the forefront of efforts attempting to combat XDR-typhoid 
fever cases in Pakistan. Vaccines can be administered to children who are 6 
months old with long-lasting effects, which is quite relevant, given that 60–70% 
of typhoid-related cases and deaths in Pakistan were in children under the age 
of 15, per a 2017 study.28 The efficacy of the vaccines is also undoubtedly evi-
dent, as the number of cases of typhoid fever in unvaccinated children was over 
double that in vaccinated children.12 Furthermore, according to the information 
obtained from Pakistan, the typhoid fever vaccine is 95% effective directed at 
Salmonella typhi strains that have been verified by culture, and it is 97% effective 
versus strains that have become resistant to the vaccine.29 Such efficacy rates 
underline the vaccine’s potency and may contribute to a decrease in the over-
use of antibiotics that caused the establishment of several different strains of 
typhoid. XDR was initially noted to be within the southern province of Sindh, 
where a two-week vaccination program had been implemented in 2019 with 
the goal of immunizing 10 million children between the ages of 9 months and 
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Table 1: Recommendations for XDR-Typhoid Prevention and Management10 

Recommendations Individuals Local 
Government

NGOs

Basic hygiene practices X X X
Implementing health classes on typhoid 
fever in schools

X X

Collaboration with state governments 
and local hospitals to spread awareness

X X

Public postings on the effects of typhoid 
fever and preventative measures

X X

The National Assembly should pass bills 
that raise the threshold for physicians 
employing prescriptions

X

Azithromycin should be reserved for a 
case-by-case basis

X

Allocating bonuses for healthcare 
workers in rural areas to incentivize 
working in these communities

X

Investing in an integrated accessible 
telehealth system to allow reduction in 
costs of transport from remote areas

X

Increasing the supply of diagnostic tools 
and testing kits

X X

Passing stronger laws on the prohibition 
of open defecation

X

Government-subsidized workshops on 
constructing water filters, with priority 
in rural areas

X

Long-term investment in the education 
sector to ensure meals and other 
resources are provided to children 

X X

Construct sanitation centers in publicly 
accessible areas of Pakistan that are 
regularly maintained

X X

Distribution of chlorine tablets to slums 
and neighborhoods to ensure soap and 
cleaning products are available

X X
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Table 1: (Continued)

Recommendations Individuals Local 
Government

NGOs

Developing an integrated system of 
sewage disposal that enables rainwater 
to be stored and harvester for local 
drinking

X X

Financing efforts for healthcare workers 
to go to different neighborhoods to 
provide an in person training on health 
practices

X

systems to enhance the provision of care for infectious illnesses. In addition, it is 
imperative to make certain that the effort to respond to XDR-typhoid is equitable 
and just, considering the requirements of populations who are vulnerable and 
those who live in places with a lack of resources. This necessitates a focus on 
social justice and health equity, as well as an understanding that some commu-
nities bear a disproportionate amount of the burden of sickness. The core causes 
of health disparities, such as poverty and prejudice, which contribute to the 
development of contagious illnesses like XDR-typhoid, must also be addressed.
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