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Abstract

Pakistan is one of the leading countries where the high childhood mortality 
(under the age of 5 years) as well as is a country where >33% of children are 
underweight and 38% show stunted growth. The current study investigated 
the presence or absence of Salmonella and Shigella sp. in stunted children 
under five years of age from the lower socioeconomic background of Pakistan. 
Besides, the antibiotics susceptibility patterns were studied along with the socio-
demographic and clinical information demographic factors using a questionnaire. 
The stool samples from stunted children have processed following standard 
bacteriological protocols and presumptive colonies of Salmonella and Shigella 
species were identified and sub-cultured on selective media and confirmed 
by using the standard biochemical test as well as molecular tests. Antibiotics 
susceptibility of the isolates to 10 antibiotics was tested using disk diffusion 
assay. The results suggested that 10.5% and 5.7% of the stool samples were 
positive for Salmonella and Shigella sp. respectively. Moreover, the antibiotics 
susceptibility test results of the isolates showed that Salmonella sp., were 
showing higher resistance to amoxicillin whereas Shigella sp. were more 
resistant to gentamycin. All Salmonella and Shigella isolates were resistant to 
Rifampicin and 80% of isolates of both were susceptible to ciprofloxacin and 
cefotaxime. The study suggested that environmental enteric dysfunction (EED), 
is widespread among malnourished children and may result in stunted growth. 
The contributory factors such as unsafe farming practices or close association 
to poultry or livestock animals and prevailing sanitation & hygiene conditions are 
the potential source of entero-pathogens.
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Introduction
Almost 3.5 million children die annually, due to maternal and 

childhood undernutrition [1]. Malnutrition encompasses both over-
nutrition (overweight & obesity) and under-nutrition (underweight, 
stunting & wasting). Moreover, it is the key problem with detrimental 
impacts on normal survival, development and economic productivity 
of individuals and societies at large [2]. Nearly 1.1 billion populations 
from developing countries have no access to safe drinking water, 
consequently, they develop enteric infections and besides, due to 
extreme poverty, most vulnerable children population, in particular, 
suffer from undernutrition/malnutrition and malabsorption 
of nutrients and low immunity levels which lead to enhanced 
susceptibility to infections. This malicious cycle of stunting starts 
from in utero during the pregnancy and it prevails for several 
generations resulting in low Body Mass Index (BMI) and IQ of a 
newly born and continues in early childhood [3]. Various studies have 

found a correlation between diarrheal pathogens and malnutrition in 
children with a cumulative 50 per cent of annual deaths of children 
under five years of age [4]. The most prevalent form of undernutrition 
is stunting; which results from failure to receive adequate nutrition 
over an extended period [6].

According to World Health Organization (WHO), wasting, 
underweight and stunting can be defined as Z-scores more than -2 (>-
2) standard deviation of weight for height, weight for age and height 
for age respectively [7]. Moreover, children with height for age below 
Three Standard Deviations (-3SD), considered severely stunted, from 
the median of the reference population [8]. According to World 
Health Organization (WHO), stunting or lower linear growth have 
several short as well as long term consequences. The short term 
consequences of stunting among children are morbidity and mortality 
due to infections such as pneumonia and diarrhoea. Moreover, 
stunting can significantly affect the development of the brain in 
the fetus or newborn, poor cognitive and educational outcomes in 
later childhood as well as in adolescence [9]. Pakistan is among the 
countries, with the highest rates of stunting globally [10]. According 
to the Demographic and Public Health survey of Pakistan, conducted 
in 2019, 38 per cent of Pakistani children who are under five have 
stunted growth [11]. The determinants of childhood undernutrition 
can be grouped into; primary factors and secondary factors. The 
primary factors are the inherent factors (child’s age and gender), 
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whereas the secondary factors are distal factors which include the 
socioeconomic status of children, next are the intermediate factors i.e. 
environmental and maternal factors and the proximate factors such 
as child feeding, personal hygiene and health status [12]. Children 
from underprivileged backgrounds have a higher burden of mortality 
from diarrhoea in developing countries, whereas the annual mortality 
rate is 1.5-5.1 million [13]. Pakistan is a large livestock raising country 
[14] and poultry farming has become a common household business 
and women from the low-income group in rural and urban areas are 
heavily involved in domestic farming and hence the risk of frequent 
exposure of vulnerable children population at a very early age to 
enteropathogens including E. coli, Campylobacter sp., and Shigella sp. 
which correlate with stunted growth and subsequent life-long physical 
and cognitive impairments The abundance of such pathogenic 
bacteria of animal origin interferes with the normal functioning 
of the gut or small intestine [15], which inhibits the absorption 
of nutrients, consequently leading to either frequent episodes of 
diarrhoea while long term asymptomatic association/carriage may 
lead to stunting [16]. Moreover, the presence of antibiotics resistance 
among these enteropathogens affects the recovery process. However, 
their asymptomatic association with the gut of a child with stunted 
growth has not been systematically investigated and the present study 
has investigated the occurrence or persistence of Shigella sp. and 
Salmonella sp. in stunted Pakistani children [17] (Figure 1). 

The present study has investigated the positive correlation 
between gut diarrheagenic pathogens i.e. Shigella sp. and Salmonella 
sp. and childhood stunting in Pakistani children. Moreover, enhanced 
resistance to commonly used antibiotics to Shigella sp. and Salmonella 
sp. has become a global public health concern in particular when it 
is associated with such vulnerable children population. Therefore, 
this study aimed at determining the prevalence and antimicrobial 
resistance patterns of Salmonella and Shigella sp. among stunted 
children of Pakistan, under five years of age.

Materials and Methods
Sampling

The stool samples were collected from 105 children, under five 
years of age, who have confirmed stunted growth, based upon the 
World Health Organization (WHO) formula of height-for-age 
(HAZ). The children were at more than -2 standard deviation (>-2) 
from normal growth. Total 20 samples were collected from Swat KPK, 
12 from Thar Sindh, 32 from Mayo Hospital Lahore and 41 from PIMS 

Hospital Islamabad Pakistan between November 2018 to November 
2019. All samples were collected in sterilized tubes containing Carry- 
Blair media. Immediately after collection, samples were shipped on ice 
to the microbiology laboratory of COMSATS University Islamabad. 
Moreover, consent forms were filled by the parents or caretakers 
of children along with the detailed questionnaires that contain 
particulars of children and families, including dietary intake, water 
source, health status, sanitary condition and household possession of 
poultry-livestock animal etc.

Isolation and biochemical identification of Salmonella and 
Shigella sp.

The stool samples were inoculated in selective sterilized media i.e., 
Xylose Lysine Deoxycholate (XLD) agar and Salmonella Shigella (SS) 
agar plates and were at an incubator for 18-24 hrs at 37° Presumptive 
colonies were based on growth and morphology of colonies were 
subjected to biochemical tests i.e., Motility test, Gram Staining, 
Urease, Citrate, Oxidase and Catalase. After the confirmation of 
Salmonella and Shigella sp. isolates were further confirmed through 
molecular analysis.

Molecular identification of Salmonella and Shigella sp.
Genomic DNA was extracted from all isolates of Shigella sp. and 

Salmonella sp., by Ethanol precipitation method [20]. Molecular 
identification of Shigella sp. isolated from stool samples of stunted 
children was done by Polymerase Chain Reaction (PCR) using specific 
primers and probes. Two sets of primers targeting invC gene (F 5’TGC 
CCA GTT TCT TCA TAC GC 3’ and R 5’GAA AGT AGC TCC CGA 
AAT GC 3’) and ipaH (F 5′-CTCGGCACGTTTTAATAGTCTGG-3′ 
and R 5′-GTGGAGAGCTGAAGTTTCTCTGC-3′) with a product 
size of 875bp and 933bp respectively were used for the detection 
of Shigella sp. The primer sequences presented in Table 1. The final 
volume of PCR was 25µl [21,22]. A plasmid containing the target 
ipaH gene i.e., pOG392 (as a precious gift from Oscar G. Gomez-
Duarte, International Enteric Vaccines Research Program [IEVRP], 
University of Iowa Children’s Hospital, Iowa City, IA) was used as 
the positive control. The molecular analysis of Salmonella sp. isolates 
from stool samples of stunted children was carried by PCR using 
specific primers and probes. A set of primers (invA), forward 5’AAA 
CGT TGA AAA ACT GAG GA 3’ and reverse 5’TCG TCA TTC 
CAT TAC CTA CC 3’ with a product size of 119bp were used for the 
detection of Salmonella sp. The primer sequences presented in Table 
1 and the final volume of PCR was 25µl [23]. 

Antibiotic susceptibility
The antibiotics susceptibility of the isolates was tested using 

disc diffusion method using Rifampicin (5µg), Cefotaxime (30µg), 
Amoxicillin (25µg), Ceftazidine (30µg), Gentamicin (10µg), 
Ciprofloxacin (5µg), Streptomycin (10µg), Nalidixic Acid (30µg), 
Norfloxacin (10µg) and Ampicillin (10µg). The zone of inhibition was 
recorded after 24 hours of incubation and the results were interpreted 
using Clinical Laboratory Standard International Guidelines (2016).

Statistical analysis
The data were edited and analyzed using SPSS version 25. 

Multivariate logistic regression test, Adjusted Odds Ratio (AOR), 
and 95% CI (P<0.05 significance level) were used to assess the level 
of association among prevalence of the pathogens and associated risk 

Figure 1: 2% Agarose gel image showing the combination of Shigella genus 
isolated from stunted growth children. First lane M is 100 bp ladder, while A 
(G069 strain), D (G088 strain), E (G092 strain) shows the Shigella genus. B 
and C are negative control for invC and ipaH genes of Shigella sp.
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factors.

Results
Prevalence of stunting in different age groups

It has been recorded that the prevalence of stunting in Pakistan is 
higher among children below 1 year of age e.g. out of the total of 105 
samples collected in this study, 46.6 per cent of children were below 1 
year of age and the remaining 53.4 per cent were between 1 to 5 years 
of age. Table 2 shows that the prevalence of stunting among the 4-5-
year age group is lowest i.e. 7.9%, whereas 14% in the 3-4 year, 9.5% 
in the 2-3-year age group (Figure 2).

Sociodemographic and clinical characteristics of the 
patients

The majority (91.1%) of the partakers were urban dwellers. 
Moreover, most (55%) of the children’s source of drinking water was 
tap, whereas 13% of them consumed boiled water (Table 2).

Prevalence of Salmonella sp. and Shigella sp.
Molecular analysis was performed by PCR for the detection 

of the Shigella genus. The incidence ratio for Shigella sp. was 5.7% 
among the samples collected from stunted children. 50% of the 
Shigella sp. isolates were obtained from female children, whereas, 
83% of the isolates were obtained from children with age less than 
24 months. Our study has found no significant correlation (P<0.05) 
between gender (P<0.57), age group (P<0.943), source of drinking 
water (P<0.820), area of residence (P<0.351) of studied children and 
prevalence of Shigella sp.

The presence of Salmonella sp. was confirmed through molecular 
analysis or PCR. The incidence ratio for Salmonella sp. was 10.5% 
among the samples collected from stunted children. Almost 54.5% 
of the Salmonella sp. isolates were obtained from female children. 
Moreover, this study has found no significant correlation (P<0.05) 
between gender (P<0.621), age group (P<0.733), source of drinking 
water (P<0.998), of the participants and prevalence of Salmonella 
sp. Whereas, a significant correlation has been found between urban 
dwellers (P<0.097) and the prevalence of Salmonella sp.

Interestingly, this study has found a significant association 
(P<0.05) between the prevalence of Salmonella sp. in stunted children 
with isolation of Shigella sp (AOR: 6.4, P<0.001) from them. However, 
a large study cohort may give a more clear picture.

Antibiotic susceptibility pattern of the isolates
Of all Shigella sp. isolates, 100% were resistant to Rifampicin 

(5µg), whereas 80.95%, 66%, 52.38%, 16%, 33%, 83% and 83% were 
resistant to Cefotaxime (30µg), Amoxicillin (25µg), Gentamicin 
(10µg), Streptomycin (10µg), Nalidixic Acid (30µg), Norfloxacin 
(10µg) and Ampicillin (10µg) respectively. Almost 83.00% of Shigella 
sp. isolates were susceptible to Ceftazidime (30µg) and all the Shigella 
sp. isolates were susceptible to Ciprofloxacin (5µg) (Figure 3).

Figure 2: 2% Agarose gel image showing the combination of Salmonella 
genus isolated from stunted growth children. First lane M is 100 bp ladder, 
while A (S025 strain), C (S062 strain), D (S0100 strain), shows Salmonella 
sp. B is the negative control for the invA gene of Salmonella sp.

Target 
Gene Primer Primer Sequence Product 

size Ref.

invC SgenDF TGC CCA GTT TCT TCA TAC GC 875bp [22]SgenDR GAA AGT AGC TCC CGA AAT GC

invA invAF AAA CGT TGA AAA ACT GAG GA 119bp [23]invAR TCG TCA TTC CAT TAC CTA CC

ipaH ipaHF 5′-CTCGGCACGTTTTAATAGTCTGG-3′ 933bp [21]ipaHR 5′-GTGGAGAGCTGAAGTTTCTCTGC-3′

Table 1: List of primer sequence used for Shigella sp. and Salmonella sp.

Variables Frequency %age

Gender   

M 49 46.67%

F 56 53.33%

Age   

0-1y 49 46.66%

1y-2y 33 31.42%

2y-3y 10 9.50%

3y-4y 15 14.28%

4y-5y 8 7.60%

Source of Drinking Water   

Filtered 33 31.00%

Boiled 14 13.00%

Well water 58 55.00%

Residence Area   

Urban 96 91.00%

Rural 9 8.60%

Prevalence of Salmonella & Shigella sp.   

Salmonella sp. 11 10.50%

Shigella sp. 6 5.70%

Total prevalence 13 12.40%

Table 2: Sociodemographic characteristics and prevalence of Salmonella and 
Shigella sp. among stunted children attending Mayo and PIMS Hospital, February 
2019 to February 2020.

Figure 3: Chart presents resistance pattern of isolated Shigella sp. strains 
against antibiotics used. 
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From all isolates of Salmonella sp. 100% were resistant to 
Cefotaxime (30µg) and Rifampicin (5µg). Moreover, 80.00%, 30.30%, 
20.00%, 40.00%, 80.90%, and 90.32% were resistant to Amoxicillin 
(25µg), Gentamicin (10µg), Streptomycin (10µg), Nalidixic Acid 
(30µg), Norfloxacin (10µg) and Ampicillin (10µg) respectively. 
Whereas, 80% of the Salmonella sp. isolates were susceptible to 
Ciprofloxacin (5µg) and Cefotaxime (30µg) (Figure 4). Multiple Drug 
Resistance (MDR) was observed in Shigella sp. and Salmonella sp. 
isolates where, one Salmonella sp. isolate showed resistance to four 
antibiotics i.e. Cefotaxime, Rifampicin, Ampicillin and Norfloxacin, 
while 80% of the isolates exhibited multiple drug resistance to various 
antibiotics tested in the study.

Discussion
Enteric pathogens and their potential role in developing 

malnutrition and stunting have been the subject of interest in 
research in particular keeping in view prevailing environmental 
stress or sanitation & hygiene conditions in Africa and Asia. Enteric 
pathogens introduced in earlier life may compromise the intestinal 
barrier, increase inflammation, lead to micronutrient deficiencies and 
chronic immune stimulation, which may increase the susceptibility 

to infections and impair growth [23]. Many pathogenic bacteria 
and viruses have been associated with stunted growth along with 
socioeconomic factor. However little is known about the factor 
that leads to stunting among children in the Pakistani pediatric 
population, therefore the main objective of this study was to determine 
the prevalence and antibiotics resistance pattern of Salmonella and 
Shigella sp. in stunted children under five years of age from the lower 
socioeconomic background of Pakistan. In the present study, the 
Salmonella sp. (10.5%) was found to be predominantly associated with 
stunted children (having no sign and symptoms of diarrhoea), which 
higher than the earlier report from Pakistan (7.6%) and Bangladesh 
(2%) [24,25]. Pathogenic non-typhoid Salmonella sp. disrupts the 
commensal microbiota of the host and capable to colonize in the gut 
region [26]. Salmonellosis has been associated earlier with Protein-
Calorie Malnutrition (PCM) which compromises mucosal epithelial 
barriers in the gastrointestinal tract. The loss of the protective blanket 
increases susceptibility to infection by pathogenic microbes [27].

Shigella sp. and toxigenic E. coli were found in asymptomatic, 
malnourished children as well as with poor sanitation and hygienic 
conditions [28,29]. The current study has shown a significant 
correlation between the presence of Shigella sp. with childhood 
malnutrition & stunting. These findings can be interpreted by 
peculiar socio-cultural conditions, socio-economic parameters and 
general hygienic practices of the referred societies. In contrast to the 
earlier report, the higher number of samples were positive of shigella 
among stunted children i.e., 5% [30] (Figure 5). According to this 
study, the resistance of Salmonella sp. was 80% to amoxicillin and 90 
% to ampicillin, which is following the earlier reports from Karachi 
Pakistan [31,32]. The possible explanation could be due to the wide 
use of this drug in the country and frequent exposure of microbes to 
this antibiotic. However, the current study has shown the association 
of lower resistance of Salmonella sp. to gentamycin i.e. 30.30%, this is 
in deviation from a study conducted in Al-Qasimi Hospital Sharjah, 
where Salmonella sp. have shown 100% sensitivity to gentamycin [33]. 
Moreover, this study has reported 80% susceptibility of Salmonella sp. 
isolated from stunted children to ceftazidime, which is following a 

Figure 4: Chart presents resistance pattern of isolated Salmonella sp. strains 
against antibiotics used.

Figure 5: Map for Sample collection.
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previous study conducted in Lahore Pakistan, in which Salmonella sp. 
showed 85% sensitivity to ceftazidime [34]. In a study from India, less 
than 2% isolates of Salmonella sp. showed resistance to ciprofloxacin 
[35], whereas, in our study all the isolates of Salmonella sp. exhibited 
sensitivity towards ciprofloxacin.

A study conducted in Bangladesh has reported a rise in resistant 
strains of Shigella sp. towards ciprofloxacin from 0% in 2004 to 44% 
in 2010 [36], perversely in this study all the isolates of Shigella sp. have 
exhibited susceptibility towards ciprofloxacin. In Pakistan, nalidixic 
acid is an inexpensive drug and it is frequently administered to treat 
acute diarrhoea in children from poor resource settings. But the role 
of nalidixic acid as an empirical antibiotic for shigellosis has been 
compromised in our population, as 33% of Shigella sp. isolates were 
found to be resistant to nalidixic acid.

Poultry and livestock are a good source of protein in the form of 
eggs, meat and milk, however various studies on poultry and poultry 
feed have reported the increased incidence of multidrug-resistant 
Salmonella and Shigella in poultry feed [37], which can lead to 
possible vertical and horizontal transmission from an infected bird to 
the consumers [38,39]. Moreover, close association with the livestock 
and poor sanitation/hygiene may lead to frequent exposure to these 
enteropathogens. Safe livestock farming to prevent exposure to 
enteropathogens such as Salmonella and Shigella sp. will help children 
to grow to full potential by allowing their small intestine absorptive 
capacity to work to full potential.

Conclusion
It’s an alarming situation that Pakistan is ranked top of the 

list, with 38% of children showing stunted growth. Poor socio-
economic condition, undernutrition, unhygienic food handling close 
association with animals and behavioural issues of communities and 
contaminated water are highly associated with enteric dysfunction 
or enteropathy leading to stunting in the pediatric population. 
Diarrheal pathogens Shigella sp. and Salmonella sp. (associated 
asymptomatically & symptomatically) have been highly prevalent 
among children < 5 years of age interfering in their linear growth. 
Although poultry and livestock are a good source of proteins, their 
proximity to children at the very early age of their life may expose 
them to enteropathogens which alters their gut functions and 
hence their nutrient absorption capacity. Moreover, frequent use 
of antibiotics as growth promoters in the poultry/livestock industry 
may engender the MDR of enterobacteria in human consumers. The 
study suggested the strong positive correlation of co-occurrence of 
multidrug-resistant Shigella sp. and Salmonella sp. with the gut of 
stunted children from a low socioeconomic group of Pakistan.
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