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ABSTRACT

Background: Shigella species (spp.) are a leading cause of moderate to severe diarrhea in children
worldwide. The recent emergence of quinolone-resistant Shigella spp. gives cause for concern, and
South Asia has been identified as a reservoir for global spread. The influence of socioeconomic
status on antimicrobial resistance in developing countries, such as those in South Asia, remains
unknown.

Methods: We used data collected from 2009 to 2014 from a hospital specializing in the treatment
of diarrhea in Dhaka, Bangladesh, to determine the relationship between ciprofloxacin-resistant
Shigella spp. isolates and measures of socioeconomic status in Bangladeshi children less than 5
years of age.

Results: We found 2.7% (230/8,672) of children who presented with diarrhea had Shigella spp.
isolated from their stool, and 50% (115/230) had resistance to ciprofloxacin. Using multivariable
logistic regression analysis, we found that children from families where the father’s income was
in the highest quintile had significantly higher odds of having ciprofloxacin-resistant Shigella spp.
compared to children in the lowest quintile (OR=6.1, CI 1.9-19). Factors protective against the
development of resistance included access to improved sanitation (OR=0.27, CI 0.11-0.7), and
improved water sources (OR=0.48, CI 0.25-0.92). We did not find a relationship between cipro-
floxacin resistance and other proxies for socioeconomic status, including the presence of animals
in the home, nutritional status, paternal education level, and the number of family members in
the home.

Conclusions: Although the associations between wealth and antimicrobial resistance are not fully
understood, possible explanations include increased access and use of antibiotics, greater access
to healthcare facilities and thus resistant pathogens, or greater consumption of commercially pro-
duced foods prepared with antibiotics.

Keywords: Socioeconomic determinants, Shigella, antimicrobial resistance, diarrheal disease

INTRODUCTION

Antimicrobial resistance (AMR) undermines one of the most important advances in modern
medicine and is recognized as one of the greatest threats to global health [1]. Resistance to first-
line antibiotics has led to increased morbidity and mortality due to infectious diseases in coun-
tries of all income levels. This problem is accentuated in low-income countries where antibiotic
use is difficult to control, the population is exposed to a higher frequency of infectious diseases,
the quality of antibiotics may be poor, and duration of treatment may be suboptimal [4].

Although there is increased awareness of AMR, limited data exists regarding the impact of so-
cioeconomic status (SES) on AMR patterns. A study conducted in the Amazonian region of Peru
found that children from the wealthiest quartile had significantly higher odds of fecal coloniza-
tion with AMR Escherichia coli compared to the least wealthy quartile [5]. However, the study was
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limited in scope as wealth and education were the only proxies used to assess SES. A recent study
described how increased health care costs in low- and middle-income countries have shifted the
demand for purchasing antimicrobials to the private, and often unregulated sector [4]. This shift
may result in a socioeconomic-dependent barrier that may unequally drive antibiotic resistance.
Knowledge of how SES affects antimicrobial resistance patterns is necessary in order to make
critically informed interventions targeting this problem in low-income countries.

The impact of SES on clinically relevant enteric infections is not well known. Ciprofloxacin-re-
sistant Shigella species (spp.) have emerged over the past decade [6-9], and are an increasingly
recognized public health threat in both developed and developing countries, with South Asia be-
ing identified as a reservoir for global spread [10]. Several recent studies have implicated Shigella
spp. as leading etiologic agents of moderate to severe diarrhea in children in South Asia, sub-Sa-
haran Africa, and South America [11, 12]. Shigella resistance threatens to worsen an already dire
situation for children in developing countries worldwide, and thus there is a need to understand
the socioeconomic forces driving resistance. The Dhaka Hospital of the International Centre

for Diarrhoeal Disease Research, Bangladesh (icddr,b), is uniquely positioned to study SES and
Shigella spp. resistance in South Asia; the hospital provides care free of charge to inhabitants of all
socioeconomic levels in Dhaka, Bangladesh and also maintains one of the world’s largest databas-
es of both bacterial isolates and patient socioeconomic characteristics. Using quinolone-resistant
Shigella as a model enteric pathogen, the primary objective of our study is to determine socioeco-
nomic predictors of antimicrobial-resistant enteric pathogens in Bangladesh.

METHODS

Setting

The icddr,b Dhaka Hospital is an urban treatment center for diarrhea that treats approximately
140,000 patients each year free of charge. Approximately 60% of the patients are children less
than 5 years of age [13]. Although patients may have co-morbidities, admission is dependent on
presenting with diarrheal disease.

The University of Utah IRB determined that this study does not meet the definitions of Human
Subjects Research as data or specimens will not be collected specifically for the currently pro-
posed research project through interaction or intervention with living individuals and no identifi-
able, individual, or private information is being obtained.

Surveillance

The Diarrhoeal Disease Surveillance System (DDSS) maintained at the icddr,b has previously
been described [14]. In short, the DDSS prospectively collects demographic, clinical, and enteric
pathogen data from every 50th patient. As part of this surveillance, a questionnaire is adminis-
tered to an adult guardian and information is gathered about socio-demographics, medical histo-
ry, and behaviors. The definitions of key socioeconomic variables used in this study are described
in Table 1. Of note, previous antibiotic use was a binary variable with no further detailed history
of antibiotic use. A physician then performed a physical examination and collected a stool sample
or a rectal swab from each patient who underwent surveillance.
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Table 1. Definitions of key variables used in the present study

Condition Definition

Income Quintile Household head (father) monthly income.

Drinking Water Source
Tap Water Primary source of drinking water is tap water

Non-Tap Water Primary source of drinking water is from a tube well, pond,
river, or ditch.

Place of Defecation

Non-Sanitary Dug hole, open pit, hanging (defecation platform over a pond,
lake, river or other water source), or open defecation (no
facility).

Flush or pour-flush latrine/toilet with a latrine pit, septic tank,
or piped sewer system, or a pit latrine with slab (dry toilet

with a raised squatting slab or platform), or a composting toi-
let (dry toilet designed and maintained to produce inoffensive

Sanitary/Semi-sanitary

compost).
WAZ Weight-for-age Z-score
Normal Weight WAZ>-2.00
Underweight WAZ<-2.00

Shigella spp. were isolated by conventional culture methods. Antimicrobial testing was performed
by the disc diffusion method on Mueller-Hinton agar plates. Susceptibility was determined as
recommended by the Clinical Laboratory Standards Institute (CLSI) [15].

Study design

We conducted a retrospective case-control study to determine risk factors for ciprofloxacin-resis-
tant Shigella spp. between children from differing SES. We limited our study to children less than
5 years of age because this population makes up 60% of cases of Shigella at our institution, and as
a group they are more homogeneous than adults. The DDSS data were extracted between Janu-
ary 2009 and December 2014. The inclusion criteria were children less than 5 years of age and a
positive stool culture for Shigella spp. Cases were defined as children who had ciprofloxacin-resis-
tant (or reduced-susceptibility) Shigella spp. isolates. Controls were defined as children who had
ciprofloxacin-susceptible Shigella spp. isolates.
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Data analysis

A univariate logistic regression was conducted on each independent variable with the outcome
variable, Shigella spp. resistance, to identify unconditional associations. Independent variables
with a significant P value (P<0.10) from the univariate analysis were included in the multivari-
able logistic regression. For these comparisons, we performed statistical analyses using SAS Uni-
versity Edition (SAS Institute, Cary NC). Statistical significance was defined as a P value <0.05.

RESULTS

Between the years of 2009 to 2014, a total of 16,362 patients were entered into the DDSS. Chil-
dren less than 5 years of age accounted for 53% (n=8,672) of patients entered. Among these chil-
dren, 2.7% (n=230) had Shigella spp. identified in their stools, of which 115 (50%) had either re-
duced susceptibility or were resistant to ciprofloxacin. From those patients aged 5 or more years,
37% of isolates had either reduced susceptibility or were resistant. The median age of the children
was 1 year (IQR=2) and was not significantly different between cases and controls (Figure 1). For
the following analyses, we classified children whose strains were either intermediate or resistant
by CLSI guidelines as “resistant”.
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Figure 1. Shigella susceptibility by age

We found the 2 most frequent Shigella spp. were Shigella flexneri (n=107) and Shigella sonnei
(n=76), accounting for 46% and 33%, respectively (Table 2). A higher proportion of S. sonnei iso-
lates were ciprofloxacin resistant (63/76; 83%) than S. flexneri (52/107, P<0.001; 49%), S. dysen-
teriae (1/ 10, P<0.001; 10%) or S. boydii (0/34, P<0.001). Ciprofloxacin-resistant Shigella spp.
increased from 14% in 2009 to 53% in 2010. Thereafter, resistance rates have remained relatively
stable over time (Figure 2).
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Figure 2. Shigella susceptibility by year

Table 2. Shigella species by susceptibility

Isolate Cipro S (n=117) Cipro R/I (n=116)
Shigella flexneri 55 52
Shigella sonnei 13 63
Shigella spp. 6 0
Shigella dys. 11 6 0
Shigella dys. 3-12 3 0
Shigella dys. 13-15 0 1
Shigella boydii 10 0
Shigella boydii 7-11 5 0
Shigella boydii 12-15 16 0
Shigella boydii 16-18 3 0

We conducted a univariate logistic regression to identify unconditional associations (Table 3). We
found that 68% (28/41) of children from the highest economic quintile (calculated from the fa-
ther’s income) harbored ciprofloxacin-resistant species compared to 38% (15/40) of children with
resistance in the lowest economic quintile (P=0.006). A larger proportion of children who took
antibiotics before arriving at the hospital harbored ciprofloxacin-resistant Shigella (P=0.09).
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Table 3. Univariate Logistic Regression

Variable Cipro S (%) Cipro R/I (%) P-value

N=118 N=122

Sex, Female 44 (40) 55 (48) 0.19

Income Quintile $USD/Year

Lowest (0-80) 25 (23) 15 (13) Ref
Lower Middle (80-114) 19 (17) 22 (19) 0.15
Middle (114-189) 33 (29) 31(27) 0.28
Upper Middle  (189-315) 21 (19) 18 (16) 0.44
Highest (>315) 13 (12) 28 (25) 0.006

Antibiotics Before Arrival

Yes 34 (31) 50 (44) Ref
No 36 (32) 30 (26) 0.09
Unknown 41 (37) 34 (30) 0.08

Drinking Water
Treated 60 (54) 56 (49) 0.46

WAZ
Normal Weight 68 (61) 83 (73) Ref
Underweight 43 (39) 13 (11) 0.07

Walls, Brick 84 (76) 77 (68) 0.18

Goat in Kitchen, Yes 55/64 (86) 71/84 (85) 0.61
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Table 4. Multivariate logistic regression. Probability modeled is Ciprofloxacin = Resistance

Risk Factor Odds Ratio [95% CI] P-value
Age, Median (IQR) 0.83 .64-1.1 0.14
Sex

Male Ref Ref Ref

Female 2.0 1.1-3.6 0.03
Income Quintile

Lowest Ref Ref Ref

Lower Middle 3.5 1.3-9.8 0.02

Middle 2.5 0.93-6.6 0.07

Upper Middle 2.1 0.73-6.2 0.17

Highest 6.1 1.9-19 0.002
Antibiotics Before Arrival

Yes Ref Ref Ref

No 0.99 0.48-2.1 0.51

Unknown 0.65 0.32-1.3 0.22
Drinking Water Source

Non-Tap Water Ref Ref Ref

Tap Water 0.48 0.25-0.92 0.03
Place of Defecation

Non-sanitary Ref Ref Ref

Sanitary/Semi-sanitary 0.27 0.11-0.7 0.007
WAZ

Normal Weight Ref Ref Ref

Underweight 0.77 0.4-1.5 0.42

To determine the magnitude of association, we included variables with P<0.10 from the univar-
iate analysis in a multivariate logistic regression (the probability modeled is ciprofloxacin = resis-
tance) (Table 4). We found that children from the highest quintile had significantly higher odds of
having resistant Shigella compared to the children from the lowest quintile (OR 6.1, CI 1.9-19, P=
0.002). Children that defecated in a sanitary or semi-sanitary fashion had significantly lower odds
of having resistance compared to children that defecated in a hole that had been dug, an open pit,
or hanging (OR 0.27, CI 0.11-0.7). Children whose drinking water source was tap water had sig-
nificantly lower odds of having resistance compared to children whose drinking water source was
a tube well, pond, river, or ditch (OR 0.48, CI 0.25-0.92, P=0.03). Exposure to antibiotics prior to
hospital arrival was no longer statistically significant after adjusting for covariate interaction and
confounders in the multivariate logistic regression model.
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DISCUSSION

Antimicrobial-resistant (AMR) Shigella spp. are an urgent threat to public health, and global
spread of ciprofloxacin-resistance Shigella spp. is thought to have originated in South Asia [10].
Despite this threat, factors driving Shigella spp. resistance have yet to be discerned, and thus
interventions to mitigate these trends have not been attainable. However, SES has been postulated
as a driver of AMR in developing countries. Indeed, limited studies have shown an association
between wealth, increased use of antimicrobials, and AMR both in developing and developed
nations [5, 16]. Accordingly, this study aimed to characterize the relationship between ciproflox-
acin-resistant Shigella spp. and wealth, access to improved sanitation and water sources, educa-
tion level, and several other proxies of SES among children at an urban hospital specializing in
the treatment of diarrhea in Dhaka, Bangladesh. The study site was chosen specifically because
patients of broad socioeconomic levels are treated at this hospital and because of its location in
South Asia.

We found that young children from higher-income families are significantly more likely to have
ciprofloxacin-resistant Shigella spp. This finding is consistent with a Peruvian study that showed
a correlation between wealth and antimicrobial resistance in the Amazonian region [5]. Similar-
ly, a study conducted in Malmo, Sweden demonstrated increased consumption of antimicrobials
in children from families with a higher per capita income [16]. In our study, the AMR patterns
seen could be driven by higher-income families having the resources available to seek care in the
private sector, which is an important risk factor for developing resistance [4]. One hypothesis

is that the wealthy are more likely to overuse antibiotics and thus develop resistance. This asso-
ciation between antibiotic use prior to arrival and resistance was found on univariate analysis;
however, it was no longer significant with adjusted analyses. While antibiotic use prior to arrival
could be an indicator of antibiotic overuse, our study did not evaluate the degree of antimicrobial
use prior to the acute diarrheal illness. Alternatively, the increased propensity for wealthy patients
to harbor resistant organisms could be driven by an altogether different mechanism. A study in
Nepal demonstrated that the frequency of antibiotic-resistant microbial carriage in feces was not
associated with contact with health care or antibiotics, but rather the community in which one
lived, with people from more urban areas harboring more resistance [17]. Wealthy people may
live closer to epicenters of resistance because of their employment in major cities. A mechanism
for this resistance could be consumption of commercially produced livestock with increased
exposure to antimicrobials rather than animals raised on the land free of these exposures [4, 5].
An additional contributor may be city-dwellers’ access to unregulated drug vendors, which may
facilitate antibiotic self-medication.

Improved sanitation and water sources were independently associated with decreased resistance,
after controlling for income and other factors in the multivariable analysis. Despite being proxy
measures of income status, these practices likely decrease the overall risk of exposure to resistant
bacteria. In our study we did not find an association between ciprofloxacin-resistant Shigella spp.
isolated in Bangladeshi children and the number of family members present in a child’s home,
antibiotic exposure prior to arrival, the type of material used to build the home, the presence of
animals in the home, or the patients’ nutrition scores. These findings argue that other yet-to-be-
determined factors related to SES are increasing Shigella spp. resistance in South Asia.
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Several factors independent of SES are also likely to contribute to Shigella spp. resistance in
Bangladesh and South Asia. Use of antimicrobials in agricultural practice has been postulated

to contribute to AMR both via contact with treated livestock and consumption of animals treat-
ed with antibiotics [4]. Our study could be expanded by investigating the relationship between
livestock exposure to antibiotics and AMR in household members exposed to those livestock.
Plasmid-mediated quinolone resistance has been described recently and is mediated by a pen-
tapeptide protein repeat family that protects DNA gyrase, one of the targets of fluoroquinolones
[6]. In addition, plasmid-mediated resistance to trimethoprim (TMP) has rapidly become one of
the widest circulating strains of TMP-resistant Chilean S. sonnei, underscoring the importance of
plasmids in disseminating Shigella spp. resistance [18]. Lastly, AMR is thought to be disseminated
in wastewater via incomplete treatment of human waste, ultimately bringing humans in contact
with feces contaminated by drug-resistant bacteria [3]. Further studies examining the relationship
between proximity to wastewater, SES, and AMR are warranted.

This study has several limitations. Notably, the data collected on prior antimicrobial use was
collected as a binary variable, thus it was not possible to account for all previous antimicrobial use
prior to acute diarrheal illness. Because we used data from a hospital-based surveillance system,
our findings are limited to those who sought medical attention. Data collected on income, hous-
ing, sanitation, and prior antibiotic use is self-reported, and as such may include errors in self-ob-
servation and social desirability bias. Nevertheless, in a large cohort of children with shigellosis,
we have shown an association between higher income and infection with ciprofloxacin-resistant
Shigella. Our findings emphasize the need for prospective studies regarding antimicrobial dis-
pensing in the private sector in low-income countries as well as the antibiotic purchasing habits of
higher-income families.
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