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Abstract. Typhoid fever is endemic in Pakistan, with high annual incidence rates. An outbreak of extensively
drug-resistant typhoid fever that ﬁrst started in the Hyderabad district of Sindh province in November 2016 immediately
spread to the whole province. We conducted an age-matched case–control study to assess the risk factors of typhoid
fever in an outbreak setting of Lyari Town, Karachi. We enrolled 82 patients with blood culture-conﬁrmed Salmonella
typhi between August 2019 to December 2019, 82 age-matched hospital and 164 age-matched community control subjects. In a matched conditional logistic regression model, consumption of meals outside the home more than once per
month was associated signiﬁcantly with developing culture-conﬁrmed typhoid fever compared with no consumption of
food outside the home (odds ratio, 4.11). Hygiene of the environment in which food is prepared, practices of adult food
handlers, access to clean water, and food legislation play signiﬁcant roles in the spread of typhoid fever.
consumption of contaminated water and food with the intestinal content of the cases or the carriers.7
Various similar food exposures and hygiene habits have
been identiﬁed as risk factors for typhoid fever in different
countries.8 The role of water as a medium for disease transmission has been acknowledged since the late 1800s, and
the role of food in disease transmission was recognized centuries ago.6 Eating unsafe food, using contaminated utensils,
or living in unhygienic conditions favorable for the growth
and survival of microorganisms, food cooked at inadequate
cooking temperatures, and poor sanitation are the identiﬁed
risk factors for the spread of the disease in endemic areas.
Several studies indicate that street foods indeed have high
microbial loads. Unclean water or people handling food who
may be carriers can cause food contamination.8 Unhygienic
food preparation is an indisputable factor contributing to the
incidence of foodborne diseases, especially people with
inadequate personal hygiene handling food who have had
typhoid and exhibit poor self-hygiene.9
Even as the typhoid conjugate vaccine poses an auspicious tool for typhoid elimination, targeted water, sanitation,
and hygiene interventions are necessary. Comprehensive
knowledge of context-speciﬁc risk factors for typhoid fever
is crucial to appraise non-vaccine control measures.10
Previous studies have identiﬁed various food and water
exposures as risk factors for typhoid fever. Among food
items, consumption of any type of ice, including ﬂavored ices,
ice cream, and ice cubes, has been identiﬁed as a vehicle for
the infectious agent. Eating from roadside vendors and consumption of water from outside that is unsafe or untreated
have been associated signiﬁcantly with the potential risk of
infection.8 In Karachi, eating ice cream, prophylactic antibiotics, consumption of food from roadside vendors during hot
weather, and consumption of contaminated water were
associated signiﬁcantly with the risk of typhoid fever.11
We proposed a study to identify the factors associated
with the risk of typhoid fever in the XDR typhoid outbreak
setting of Lyari Town, Karachi. This study targeted the population of children who were 6 months to 15 years old,
because children younger than 15 years of age comprise
more than 90% of the XDR typhoid cases.12
We conducted an age-matched case–control study from
August 2019 to December 2019 in the slum area of Lyari

Typhoid has remained an important public health concern
in impoverished populations of developing countries. Typhoid
fever is a commonly observed etiological source of bacteremia in many developing countries of South Asia, Southeast
Asia, and sub-Saharan Africa, where it is a major cause of
morbidity and mortality among children.1 The annual burden
of typhoid and paratyphoid fever is estimated at 14.3 million
cases and 135,900 deaths worldwide.2 In Pakistan, typhoid
is the well-known cause of bacteremic illness in children,
with rates more than 451.7 per 100,000 among children 2 to
15 years old.3 The data from the Surveillance for Enteric
Fever in Asia Project, which is a large, multicenter, prospective surveillance study capturing data on the burden of
enteric fever and the antimicrobial susceptibility of the isolates in Bangladesh, Nepal, and Pakistan, identiﬁed an
extremely drug-resistant (XDR) typhoid outbreak in Hyderabad, Pakistan.3 First reported in November 2016, the disease
spread quickly to the entire Sindh Province and infected
thousands of children and adults. The associated Salmonella
Typhi (S. Typhi) H58 strain was resistant to ﬁve classes of
antimicrobials (chloramphenicol, ampicillin, trimethoprim–sulfamethoxazole, ﬂuoroquinolones, and third-generation cephalosporins) and was labeled an XDR S. Typhi. This strain of
XDR S. Typhi was sensitive only to azithromycin and meropenem.4 These drug-resistant strains threatened the role of
antibiotics in typhoid control, increased the treatment cost,
and inﬂated signiﬁcantly the morbidity and mortality rates.5
The causative agent of typhoid, Salmonella enterica serovar Typhi (Salmonella Typhi), is a human host–restricted
organism. The risk factors for typhoid include poverty, unhygienic environmental conditions, lack of access to safe drinking water, absence of appropriate sanitation amenities, and
hazardous foods.6 The disease burden is distributed heterogeneously within different Southeast Asian countries, with
the greatest incidence reported in the areas with the most
deﬁcient hygiene and sanitation, including urban slums.
Transmission is via the fecal–oral route indirectly by the
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Town, Karachi, after a mass immunization campaign with
Typbar typhoid conjugate vaccine was conducted in Lyari
Town to control the immediate spread of XDR typhoid in
children 6 months to 15 years of age. Lyari Town is a
peri-urban slum settlement that is sub-divided into 11 union
councils. The study was conducted in three key hospitals
serving the town, including Lyari General Hospital, Kharadar
General Hospital, and Aga Khan Secondary Care Hospital. It
was one of the towns in Karachi ﬁrst hit critically by the XDR
typhoid outbreak and was where the outbreak was ﬁrst identiﬁed with the greater number of cases. Age-matched controls were enrolled in the case-to control ratio of 1:1 and 1:2
for case to health facility-based controls and case to community-based controls, respectively.
A case was deﬁned as an individual with blood cultureconﬁrmed Salmonella typhoid between the ages of 6 months
to 15 years, and a resident of Lyari Town visiting any of the
three sentinel hospitals. Control subjects were enrolled if
they were at least 7 months of age and 66 months of the
age of a case 6 to 36 months old or 63 years of the age of a
case 3 to 15 years old. Health facility controls were afebrile
children who lived in Lyari Town for at least one month,
admitted or presented to the emergency department, pediatric ward, orthopedic ward, surgical ward and outpatient
department of the same health facility without a history of
fever and infection or elective surgery or trauma and found
eligible to be enrolled as hospital controls within seven days
of the visit date of the case.
Community control subjects were deﬁned as afebrile children living in the neighborhood, Lyari Town, for at least
1 month who had no febrile illness in the 4 weeks before the
time of enrollment. Once at the case’s house, the investigator
went either to the left or to the right (determined by a coin
toss) and interviewed the third neighbor to determine whether
a child meeting the selection criteria lived in the household. If
no child met the inclusion criteria, then the investigator went
to the fourth house and proceeded sequentially until a control
subject was enrolled. If there was more than one eligible child
in the same household, chits were picked to decide who
would be recruited. The trained team member interviewed
the parents of all the eligible and enrolled children using a
structured questionnaire in the local language. Information
was collected on the age, gender, area of residence, and various risk factors for typhoid fever including water, hygiene,
and sanitation.
Data were cleaned and imported into STATA version 12
(StataCorp, College Station, TX) for analysis. For univariate
analysis differences in demographic, environment and food,
and personal hygiene risk factors exposure between cases
and control subjects were evaluated. Matched odds ratios,
P values, and 95% CIs were calculated using maximum likelihood estimates.
We expected that various risk factors might be accountable for disease transmission. Because certain foods and
other exposures were closely related, multicollinearity was
considered among different variables. We included independent variables with P # 0.10 on univariate analysis in a ﬁnal
regression model. Matched conditional logistic regression
was performed to deal with the potential confounders and
effect modiﬁers.
The study was approved by the Ethical Review Committee
of Aga Khan University Hospital. A child was enrolled into

the study if their parent/legal guardian was willing and able
to provide informed consent. If the participant was 7 years of
age or older, child assent was also sought.
Of 82 cases, 28 were enrolled from Lyari General Hospital,
28 were enrolled from Kharadar General Hospital, and 26
were enrolled from Aga Khan Secondary Care Hospital.
A total of 164 community age-matched control subjects and
82 hospital control subjects were enrolled as well.
Participant age ranged from 6 months to 15 years, with a
mean age of culture-conﬁrmed typhoid cases of 54.6 months;
community control subjects, 58.9 months; and hospital control
subjects, 55.1 months. Of the enrolled cases, 68.3% were
male, 51.8% of community control subjects were male, and
56.1% of hospital control subjects were male.
Male gender, water bought from local vendors in reﬁllable
containers, positive history of family/household member ever
in contact with or having had typhoid, frequency of meals
eaten outside the home, consumption of food at a restaurant in past 4 weeks, and consumption of cold beverages
outside the home in past 4 weeks were associated with
typhoid fever in the univariate analysis.
We adjusted for age, gender, source of drinking water,
family/household member ever in contact with or having had
typhoid, frequency of meals eaten outside the home, consumption of food at a restaurant in past 4 weeks, and
consumption of cold beverages outside the home in past
4 weeks in the ﬁnal multivariable matched conditional logistic
regression model. We found that the consumption of meals
outside the home more than once per month was associated
signiﬁcantly with the development of culture-conﬁrmed XDR
typhoid fever compared with no food consumption outside the home (odds ratio, 4.11; 95% CI, 1.77–9.54; P 5
0.001) (Table 1).
Enteric fever persists as an important public health concern, especially in Asia, the Middle East, Africa, Latin America, and the Paciﬁc islands, where it is endemic.13 The
dilemma is the emergence and worldwide spread of Salmonella Typhi strains resistant to most previously useful antibiotics in these regions, which is subsequently increasing
typhoid-related morbidity and mortality.6 Epidemic typhoid
is different from endemic typhoid. We matched age in our
study to evaluate other risk factors of typhoid fever in an outbreak setting.
The association between consumption of meals outside
the home and typhoid fever allegedly resulted from contamination of food during preparation and handling, use of unsafe
drinking water, poor hygiene practices of adult food handlers,
and the use of contaminated utensils used to serve food.
Restaurants in Lyari Town are small, dark, and damp.
Some of them have outdoor seating, typically without freezers for storage of food items, and with minimal amenities for
washing raw food (chicken and vegetables) and utensils.
There are rarely any toilets or handwashing facilities with
soap available. The unboiled, unchlorinated water or tap
water stored or served in contaminated containers and used
in the preparation of food and for drinking purposes at these
small restaurants in the impoverished area can cause disease spread.
The results of our study are in agreement with the ﬁndings
of studies conducted in Karachi11 and Indonesia, in which
eating from an outside food cabin was reported to be associated signiﬁcantly with a greater risk of typhoid infection.14
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TABLE 1
Univariate and multivariate analyses using conditional logistic regression for risk factors of Salmonella typhi among 82 patients
and 246 age-matched hospital and neighborhood control subjects in the extensively drug-resistant typhoid outbreak setting of
Lyari Town, Karachi
Univariate analysis
Risk factors

Control subjects
(n 5 246), n (%)

Patients (n 5 82),
n (%)

Gender
Male
131 (53.3)
56 (68.3)
Female
114 (46.7)
26 (31.7)
Age, y
#2
68 (27.6)
24 (29.3)
2–15
178 (72.4)
58 (70.8)
Type of household
Pucca†
6 (2.4)
1 (2.4)
Semi-pucca/kaccha‡
80 (97.6)
80 (97.6)
Method of garbage disposal
Carried away by
108 (43.9)
34 (41.5)
sweeper/garbage
dump
Thrown on the street
49 (19.9)
19 (23.2)
Others
89 (36.2)
29 (35.3)
Source of drinking water
Municipal supply
162 (65.9)
44 (53.7)
within the house
(running water)
Water bought from
63 (25.6)
28 (34.1)
local vendors
community tap/
21 (8.5)
10 (12.2)
underground
well/others
Method of water puriﬁcation used
None
145 (58.9)
47 (57.3)
Boiling/others
101 (41.1)
35 (42.7)
Source of ice
Homemade
185 (75.2)
68 (82.9)
Others (ice depots,
61 (24.8)
14 (17.1)
neighbors)
Family/household member ever in contact with or had typhoid
No
219 (89.0)
68 (82.9)
Yes
27 (11.0)
14 (17.1)
No. of times a day food is prepared at home
Once
131 (53.3)
37 (45.1)
Twice
96 (39.0)
39 (47.6)
Thrice
19 (7.7)
6 (7.3)
Food reheated before cooking
Always
148 (60.2)
53 (64.6)
Sometimes/never
98 (39.8)
29 (35.4)
Food stored in the refrigerator
Always
137 (55.7)
45 (54.9)
Sometimes/never
109 (44.3)
37 (45.1)
Frequency of meals eaten outside the home
Never
90 (36.6)
14 (17.1)
Once per month
74 (30.1)
22 (26.8)
More than once per
82 (33.3)
46 (56.1)
month
Consumption of food
96 (39.0)
42 (51.2)
at a restaurant in
past 4 weeks
Consumption of cold
102 (41.5)
43 (52.4)
beverages outside
the home in past 4
weeks

Total (N 5 328)

OR (95% CI)

Multivariate analysis
P value

aOR (95% CI)

P value

187 (57.0)
141 (43.0)

1.86 (1.10–3.15)
Ref.

0.020
–

1.52 (0.88–2.65)
Ref.

0.132
–

92 (28.1)
236 (71.9)

Ref.
0.57 (0.13–2.46)

–
0.452

Ref.
0.44 (0.09–2.18)

–
0.313

7 (2.1)
317 (96.6)

Ref.
1.50 (0.32–6.94)

–
0.604

–
–

–
–

142 (43.3)

Ref.

–

–

–

68 (20.7)
118 (36.0)

1.47 (0.61–3.53)
1.00 (0.47–2.19)

0.390
0.981

–
–

–
–

206 (62.8)

Ref.

–

Ref.

–

91 (27.7)

1.91 (0.99–3.69)

0.055

1.70 (0.83–3.48)

0.146

31 (9.5)

1.87 (0.75–4.63)

0.178

1.60 (0.60–4.30)

0.351

192 (58.5)
136 (41.5)

0.93 (0.56–1.56)
Ref.

0.791
–

–
–

–
–

253 (77.1)
75 (22.9)

Ref.
0.61 (0.32–1.18)

–
0.142

–
–

–
–

287 (87.5)
41 (12.5)

Ref.
3.00 (1.01–8.90)

–
0.048

Ref.
1.62 (0.72–3.65)

–
0.243

168 (51.2)
135 (41.2)
25 (7.6)

Ref.
1.48 (0.86–2.54)
1.13 (0.42–3.05)

–
0.155
0.812

–
–
–

–
–
–

201 (61.3)
127 (38.7)

Ref.
0.54 (0.24–1.21)

–
0.139

–
–

–
–

182 (55.5)
146 (44.5)

Ref.
1.04 (0.62–1.73)

–
0.896

–
–

–
–

104 (31.7)
96 (29.3)
128 (39.0)

Ref.
2.40 (1.05–5.47)
4.96 (2.29–10.77)

–
0.037
, 0.001

Ref.
1.98 (0.82–4.78)
4.11 (1.77–9.54)

–
0.130
0.001

138 (42.1)

2.16 (1.14–4.11)

0.019

1.29 (0.60–2.80)

0.508

145 (44.2)

2.25 (1.12–4.52)

0.023

2.11 (0.96–4.64)

0.063

aOR 5 adjusted odds ratio; OR 5 odds ratio; Ref. 5 reference.
* Adjusted for age, gender, source of drinking water, main food preparer ever in contact or had typhoid, frequency of meals outside home, consumption of food at restaurant in past 4 weeks, and
consumption of cold beverages outside home in past 4 weeks.
† A pucca household is a dwelling that is designed to be solid and permanent, usually built of stone, burnt bricks, cement, concrete, or timber.
‡ A semi-pucca household is a dwelling in which either the roof or the walls but not both are made of substantial materials such as burnt bricks, stone, cement, concrete, or timber. A kaccha
household is built of mud bricks; none of roof or walls are made of solid material.
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Eating out exposes children to a wide variety of food preparers, some of whom can be chronic carriers of Salmonella
Typhi. Street-side vendors and cheap restaurants buy ice from
ice factories, which is made of unclean water not safe for
human consumption. Salmonella Typhi survives for prolonged
periods in ice, and ice used by the street-side vendors and
small restaurants is a potential source of infection. Consumption of cold beverages in Santiago15 and the Philippines,16 and
ice in Pakistan was reported previously to be associated with
developing typhoid fever.7 Moreover, most people with outdoor eating habits often consume ice, chicken, meat, or
eggs.17
In Pakistan, food stalls and cheap roadside restaurants do
not apply for a license or registration, and the food authority
does not inspect their food or beverages regularly.9 Adult
food handlers in slum areas with low literacy rates are not
educated on safe food production and personal hygiene precautions to avert enteric infections. They have no idea that
they can be chronic carriers of typhoid disease. None of the
food department or restaurant owner inspects food preparation and food-handling practices to ensure food safety. Ideally, if food handlers have diarrhea or vomiting or any symptoms of enteric fever, they should go for testing.12 In these
cases, food handlers should be prohibited from work until 48
hours after the resolution of diarrhea and/or vomiting. In the
case of conﬁrmed typhoid fever, public health authorities
recommend that the food handlers should not be allowed to
work until two stool cultures, taken and tested 2 weeks
apart, test negative for Salmonella Typhi.18,19
The consumption of meals outside the home increased
the risk of typhoid fever signiﬁcantly in Lyari Town, Karachi.
In a typhoid outbreak setting with poor environmental
hygiene and sanitation, this high rate indicates wide dissemination of the typhoid pathogen through people involved in
food handling, and reveals one of the probable reasons for
the typhoid epidemic in Lyari Town.
The introduction of the novel typhoid conjugate vaccine
poses an imperative addition to current tools used to prevent
typhoid and possibly eradicate the emergence of XDR
typhoid.6 The vaccination strategies pose prospects for
enhancing indirect protection of those at risk through targeted vaccination campaigns and the potential introduction
of typhoid vaccines into the national Expanded Program on
Immunization.20
There are some limitations to this study worth noting. This
was a cross-sectional study, and temporal associations
could not be ascertained with certainty and there is no way
to ascertain whether the factors preceded the outcome.
Another limitation of our study is its small sample size. However, the study was carried out in an urban slum of Karachi.
There is enough information available to suggest the factors
identiﬁed in our study are representative of other areas
within Pakistan and other urban slums of South Asia. Hence,
the results can be generalized for comparable context and
study population.
We recommend that the local food regulatory authority
should enact legislation for licensing all restaurants to ensure
public access to safe food. Pre-employment screening and
medical clearance should be made mandatory for all food
handlers; screening of food handlers for Salmonella should
be done periodically.9,21 The quality of food served in the
restaurants should be inspected regularly or periodically.

Free access to safe drinking water should be ensured in the
slum settlements. To assess food handlers’ practices and
level of contamination, assessment of the level of personal
hygiene practices during work is suggested.22 Awareness
programs should be organized periodically for food handlers
to inspire and educate them about appropriate
food-handling practices.22,23 We need to put collective
efforts into place to reduce the burden of typhoid endemicity
and other enteric diseases in Karachi.
A multipronged strategy is required to make collective
efforts at the national, regional, and global levels toward
typhoid elimination. It demands continued investments in
reducing risks associated with poverty, poor environmental
hygiene, inadequate water and sanitation infrastructures, and
sustained investments in safe drinking water and food. We
should focus on health equity, accessible health care, rapid
diagnosis, efﬁcient management and treatment, and targeted
immunization strategies within health systems.6,24
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