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Abstract

Objectives: Few studies have evaluated determinants of multidrug-resistant (MDR) Vibrio
cholerae O1 in older children and adults. This study aimed to characterize the prevalence of MDR
V/ cholerae O1 and associated risk factors among patients over five years of age in Bangladesh.

Methods: Stool culture and antimicrobial susceptibility testing were performed as a part of a
larger study at Dhaka Hospital in Bangladesh from March 2019-March 2020. Univariate statistics
and multiple logistic regression were used to assess the association between a range of variables
and MDR V. cholerae O1.
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Results: MDR was found in 175 of 623 (28.1%) V/ cholerae O1 isolates. High levels of
resistance were found to erythromycin (99.2%), trimethoprim-sulfamethoxazole (99.7%), and
ampicillin (88.9%), while susceptibility was high to tetracyclines (99.7%), azithromycin (99.2%),
ciprofloxacin (99.8%), and cephalosporins (98.6%). MDR was associated with prior antibiotic use,
longer transport time to hospital, higher income, non-flush toilet use, greater stool frequency,
lower blood pressure, lower mid-upper arm circumference, and lower percent dehydration.

Conclusions: MDR V/ cholerae O1 was common among patients over five in an urban hospital
in Bangladesh. Significant factors associated with MDR may be actionable in identifying patients
with a high likelihood of MDR.
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Introduction

Cholera, caused by toxin-producing strains (O1 and 0139) of the bacterium Vibrio cholerae
(V. cholerae), is characterized by acute watery diarrhea, vomiting, and muscle cramps and
can lead to massive fluid losses and death within hours if untreated (Leibovici-Weissman et
al., 2014; Mandal et al., 2011). While rehydration is the mainstay of cholera treatment,
antibiotics are recommended by the World Health Organization (WHO) to reduce the
volume and duration of diarrhea as well as bacterial shedding and transmission (Global Task
Force on Cholera Control, 2018; Leibovici-Weissman et al., 2014). Despite global efforts for
cholera control, cholera remains a significant cause of diarrhea-related morbidity and
mortality in low- and middle-income countries (LMICs) due to unsafe water and poor
sanitation (Mandal et al., 2011). Alarmingly, antimicrobial resistance (AMR) is rapidly
increasing among V/ cholerae as well as other enteric pathogens in large part due to
unregulated antimicrobial overuse among humans and animals (Ventola, 2015). In response
to these global trends, the WHO has identified AMR as a serious global public health
concern (Ventola, 2015).

V/ cholerae serogroup O1 is responsible for the majority of cholera cases globally and has
been treated with multiple antibiotic classes over the years (e.g., tetracyclines,
fluoroquinolones, macrolides) (Leibovici-Weissman et al., 2014; Sjélund-Karlsson et al.,
2011). However resistance to all commonly used drugs has been documented, due to
chromosomal mutations or acquisition of mobile genetic elements such as plasmids,
transposons, and integrating conjugative elements (Ceccarelli et al., 2016; Global Task Force
on Cholera Control, 2018). The WHO recommends first-line treatment of adults with
doxycycline, followed by azithromycin or ciprofloxacin, while acknowledging that local
resistance patterns must be considered (Global Task Force on Cholera Control, 2018).
Currently, a single-dose of the macrolide azithromycin is the antimicrobial of choice for
treating moderate-to-severe cholera in children and adults in Bangladesh (Parvin et al., 2020;
Saha et al., 2006). Multidrug-resistant (MDR) V. cholerae has become an urgent issue,
challenging clinical management, increasing healthcare costs, and straining fragile
healthcare systems (Sjélund-Karlsson et al., 2011). Antibiotics such as third-generation
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cephalosporins, often unavailable or prohibitively expensive, are increasingly used, although
reduced susceptibility to extended-spectrum B-lactamase (ESBL) producing strains (which
can hydrolyze most B-lactams such as ampicillin, amoxicillin as well as third-generation
cephalosporins) has been reported (Ceccarelli et al., 2016; Mandal et al., 2011).

AMR patterns of V/ cholerae O1 strains vary significantly between regions and over time
(Mandal et al., 2011). While the true burden of cholera remains severely under-reported,
Bangladesh has one of the world’s highest cholera incidence rates, with a recent serosurvey
estimating that up to 28 million cases of cholera occur annually in the country (Azman et al.,
2020). Additionally, although cholera’s mortality risk is highest among children under five, a
substantial burden of morbidity and mortality exists among older children, adults, and the
elderly in whom MDR remains poorly characterized (Troeger et al., 2018). This study aimed
to characterize the susceptibility pattern and prevalence of MDR among V/ cholerae Ol in
patients with acute diarrhea over five years of age in Bangladesh and assess individual
factors associated with MDR. This knowledge may assist clinical and public health decision-
making regarding appropriate antibiotic use and lead to more effective management of
outbreaks in comparable LMIC settings.

Materials and methods

Study design

This was a secondary analysis of data collected from the “Novel, Innovative Research for
Understanding Dehydration in Adults and Kids” (NIRUDAK) study, a prospective cohort
study of patients over five years of age presenting with acute diarrhea to the rehydration unit
at Dhaka Hospital of the International Centre for Diarrhoeal Disease Research, Bangladesh
(icddr,b). The primary aim of the NIRUDAK study is to derive and validate age-specific
clinical diagnostic models for the assessment of dehydration severity in older children,
adolescents, adults and the elderly, and later incorporate these models in a mobile health tool
as previously described (Gainey et al., 2019). Ethical approval for the NIRUDAK Study was
obtained from the icddr,b Ethical Review Committee and Rhode Island Hospital Institutional
Review Board.

Study setting and population

The study was conducted between March 2019 - March 2020 at icddr,b Dhaka Hospital, an
urban referral hospital that provides free clinical services for over 100,000 patients annually.
The inclusion and exclusion criteria used for the present study were the same as the parent
(NIRUDAK) study. All patients over five years of age with acute diarrhea (defined as three
or more loose stools in the past 24 h lasting less than seven days) were eligible for
enrollment (Levine et al., 2015). Patients were screened for enrollment on arrival 24 h per
day, seven days a week. Exclusion criteria included: having less than three loose stools in the
past 24 h, diarrhea lasting more than seven days, a clear alternative diagnosis to
gastroenteritis, and previous enrollment in the study (Gainey et al., 2019). Research staff
provided patients and/or their guardians with information about the study’s risks and
benefits and obtained verbal and written consent in the local language, Bangla. In cases
where the patient or legal guardian could not read or write, research staff obtained verbal
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consent and asked the parent or guardian to mark the consent form with a thumbprint. For
children over the age of eight and under 18, verbal or written assent was also obtained.

Study procedures

Enrolled subjects were assessed by a study nurse for historical, demographic, and socio-
environmental data as well as clinical signs. Mid-upper area circumference (MUAC) was
measured using standard measuring tapes. Study procedures were not allowed to delay
emergent care. After an initial assessment, patients were treated according to standard
icddr,b protocols for managing acute diarrhea and per physician discretion, including oral or
intravenous rehydration and antibiotics. Percent weight change with rehydration was used as
the criterion standard for percent dehydration (Hooper et al., 2015; Shirreffs, 2003; Steiner
et al., 2004). Patients were then categorized as having severe (>9%) dehydration, some (3-
9%) dehydration, or no (<3%) dehydration (Duggan et al., 1992; Levine et al., 2015).

All microbiological tests were performed under the supervision of a senior clinical
microbiologist (co-author DA; Head of Clinical Microbiology and Immunology at icddr,b).
Two stool specimens (at least 2 ml/vial) were collected from each subject—one for analysis to
the clinical microbiology laboratory and one for storage in 70% ethanol. Each specimen was
screened for common enteric pathogens using stool culture. Isolation, identification,
serogrouping, and biotyping of stool samples were performed using standard procedures
(Murray et al., 1995). V. cholerae was isolated by growth on tellurite taurocholate gelatin
agar (TTGA) media with enrichment in bile peptone broth. Antimicrobial susceptibility
testing (AST) was determined by the Kirby-Bauer standard disc diffusion method on
Muller-Hinton agar. The selection of antibiotics used for AST followed the Clinical and
Laboratory Standards Institute (CLSI) guidelines and the icddr,b Clinical Microbiology, and
Immunology laboratory committee, which are regularly updated based on local
susceptibility patterns (Clinical Laboratory Standards Institute, 2018). There were no issues
relating to the availability of discs for disc diffusion testing that influenced AST. The results
were reported as sensitive, intermediate, or resistant by a method based on the cutoff of the
zone size for different antibiotics according to CLSI guidelines (Clinical Laboratory
Standards Institute, 2018). Antibiotics tested included: amoxicillin/clavulanate, ampicillin,
azithromycin, cefepime, cefotaxime, cefoperazone-sulbactam, cefuroxime, ciprofloxacin,
trimethroprim-sulfamethoxazole (TMP-SMX), doxycycline, erythromycin, tetracycline, and
tigecycline. Pathogens resistant to at least one agent in >3 antimicrobial categories were
defined as MDR based on consensus definitions from the European Centre for Disease
Prevention and Control (ECDC) and the Centers for Disease Control and Prevention (CDC).
(Magiorakos et al., 2012) Isolates with a result of “intermediate” and “resistant” were
grouped together for the purpose of this analysis.

Statistical analysis

Categorical variables were described using frequencies with percentages. Continuous
variables with normal distribution were presented as means with standard deviations (SD)
and compared using t-tests. Univariate analysis was performed to evaluate differences
between those with presence of MDR V. cholerae O1, with magnitudes of effect given as
odds ratios (OR) and their respective 95% confidence intervals (CI). Multiple logistic
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regression analysis was performed to identify variables independently associated with the
dependent variable of MDR and expressed in adjusted ORs with 95% Cls. All clinically
relevant candidate variables were retained in the multiple logistic regression analysis.
Continuous variables were recoded as binary variables by using the median value of the
distribution or clinically relevant cutoff points. Nagelkerke’s pseudo-R?, a measure
analogous to the R2 used in logistic regression, was calculated to provide a global measure
of the estimated explained variance of the final model on a new data set; the pseudo-R?
ranges between 0 and 1 where 1 is a fully explained model (Nagelkerke, 1991). The multiple
regression model discrimination was assessed using the area under the receiver-operator
characteristic (ROC) curve (AUC) to predict MDR. For all analyses, a two-tailed p-value of
0.05 was considered statistically significant. STATA Version 14 (Stata Corp; College Station,
USA) was used for all analyses.

During the study period, 2172 patients =5 years of age with acute diarrhea were enrolled.
Stool culture was completed for 2135 subjects, and 1198 had a growth on stool culture. V/
cholerae was the most common pathogen isolated, representing 641 (30.0%) of those with
positive cultures (Figure 1). Nearly all (623 of 641 or 97.2%) of the V/ cholerae isolates were
found to be O1 and were included for further analysis. The median age of subjects was 26
years (IQR, 15-60; range 5-90), and 346 (55.5%) were male. Antibiotic use prior to hospital
presentation was reported by 199 (31.9%) subjects overall. Among included subjects, 76
(12.2%) were classified as no/mild dehydration, 226 (36.3%) as some, and 318 (51.0%) as
severe. Mean percent dehydration was lower in those with MDR (5.9%; 95% CI 5.5-6.3)
compared to those without MDR (6.4%; 95% CI 6.1-6.7).

The AST profile of V/ cholerae O1 isolates is shown in Figure 2. Isolates demonstrated the
highest resistance to TMP-SMX (99.7%), erythromycin (99.2%), ampicillin (88.9%), and
amoxicillin-clavulanate (61.6%). In contrast, there was high susceptibility to tetracycline and
doxycycline (both 99.7%), ciprofloxacin (99.8%), and azithromycin (99.2%). Susceptibility
was high to all cephalosporins tested. Isolates had 100% sensitivity to cefoperazone-
sulbactam and tigecycline. A total of 175 (28.1%) isolates were found to have MDR with
TMP-SMX + erythromycin + ampicillin or amoxicillin-clavulanate as the most common
MDR patterns.

In univariate analysis, prior antibiotic use (OR 2.17; 95% CI 1.51-3.13) and greater stool
frequency (>10 episodes OR 1.80; 95% CI 1.20-2.70; >20 episodes OR 2.61; 95% CI 1.48—
4.59) were positively associated with the presence of MDR (Table 1). Flush toilet use
(versus other waste facility such as pit latrine or open defecation) was negatively associated
(OR 0.33; 95% CI 0.23-0.48; Table 1). Mean heart rate, temperature, and arterial blood
pressure (MAP) were lower in those with MDR compared to those without (Table 2).

In multiple logistic regression analysis, prior antibiotic use (OR 2.25, 95% ClI 1.42-3.36),
>90-minute transport time to hospital (OR 1.71; 95% CI 1.01-2.92), greater stool frequency
(>10 episodes OR 1.52; 95% CI 0.95-2.42; >20 episodes OR 2.21; 95% CI 1.14-4.27),
higher monthly household income (OR 1.22; 95% CI 1.04-1.43), lower MAP (OR 0.98;
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95% ClI 0.97-0.99), lower MUAC (0.89; 95% CI 0.83-0.96) and lower percent dehydration
(0.89; 95% CI 0.82-0.96) were associated with MDR (Tables 1 and 2). Flush toilet use was
negatively associated with MDR (OR 0.41; 95% CI 0.27-0.63). The AUC of the multiple
regression model for the outcome of MDR was 0.794. Nagelkerke’s pseudo-R? was 0.298,
indicating the modest explanatory power of the model.

Discussion

Multidrug-resistant V/ cholerae O1 presents a major challenge for treating patients in areas
with endemic cholera such as Bangladesh. While antimicrobial use and selection decisions
should be guided by microbiological testing, these tests are unavailable in the vast majority
of LMIC clinical settings. As a result, clinicians often decide on antimicrobial treatment
empirically, based on syndromic guidelines and clinician suspicion, although a few studies
have evaluated patient risk factors of MDR among enteric pathogens. This study found that
MDR V. cholerae O1 was common in older children and adults with diarrhea in urban
Bangladesh, with nearly one-third of V/ cholerae O1 isolates demonstrating MDR. This rate
is higher than the 18% MDR rate found in V/ cholerae from a study in Dhaka in 2013,
suggesting a potential increase of MDR in recent years (Das et al., 2013). This is a
concerning finding given that 100% MDR V. cholera rates have been reported in two studies
(2015 and 2019) in Nepal, as well as in a five-country study in sub-Saharan Africa in 2015
(Rijal et al., 2019; Smith et al., 2015; Thapa Shrestha et al., 2015).

Multiple individual-level factors were found to be significantly associated with MDR V/
cholerae O1, which may enable more informed use of antimicrobial testing and selection in
patients at high-risk for MDR. Reported antibiotic use before hospital presentation was
strongly associated with MDR, emphasizing the critical role of assessing an individual’s
antibiotic exposure history in determining risk for MDR infections. This finding is
consistent with multiple other studies and known mechanisms of acquired resistance,
demonstrating that patient antibiotic use places selective pressure towards MDR (Das et al.,
2013). Antibiotic use was common, with nearly one-third of subjects reporting antibiotic use
prior to hospital presentation, consistent with a study that found 39% home (non-
prescription) antibiotic use among young children in rural Bangladesh (Mirzapur) (Ahmed et
al., 2018).

Several physiologic characteristics were also found to be associated with MDR, including
lower MAPs (6 mm Hg) and temperature (0.6 degrees F) than non-MDR subjects. As fever
is rare in cholera, lower body temperatures and MAPs found in patients with MDR may
reflect progression towards shock states, although, given the fairly small temperature
difference, this finding’s clinical significance is unclear. Greater stool frequency (>20
episodes/24 h) was also associated with MDR and consistent with prior studies’ findings that
MDR enteric infections are associated with greater severity of illness (Das et al., 2013). The
mean percent dehydration was slightly lower (5.9%) in patients with MDR versus those with
non-MDR (6.4%). However, this may be confounded by patients with access to antibiotics
prior to presentation also having greater access to oral or intravenous rehydration fluids prior
to arrival.
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Several socio-environmental factors, including non-flush toilet use, longer transport time to
hospital, and higher household income, were also associated with MDR. Patients living a
greater distance from the hospital are more likely to come from suburban/rural areas with
less access to trained health professionals, and more unprescribed antibiotic use may account
for this finding. Higher household income has been associated with AMR in prior studies,
possibly related to more antibiotic overuse in the private sector or higher AMR in more
wealthy urban centers (Gruninger et al., 2017). Additionally, patients with more severe
illness (such as from difficult-to-treat MDR pathogens) may prompt individuals to travel
longer distances to the hospital versus seeking care at closer primary care facilities or may
reflect differences between rural and urban locations (Das et al., 2013). While flush toilet
use may be considered a proxy for higher income levels, flush toilet use (versus other waste
facility use) was associated with lower odds of having MDR after adjusting for household
income in the multivariate analysis. This finding suggests the vital role of improved
sanitation systems in disrupting cycles of oral-fecal transmission of enteric pathogens.

Patients with lower MUAC (a marker of malnutrition) were also found to have greater odds
of MDR. Malnutrition is strongly associated with an increased likelihood and greater
severity of enteric infections, although there is a lack of research on the association
specifically with MDR (Mata, 1992). Malnutrition is both a cause and consequence of acute
infections, with increased frequency and severity of enteric infections due to impaired
intake, digestion and absorption, nutrient losses, and altered immune responses (Bourke et
al., 2016; Mata, 1992; Mondal et al., 2012). Given the small difference in mean MUAC
between MDR and non-MDR groups, this finding’s clinical relevance may be spurious,
although the link between malnutrition and enteric infections in older individuals is poorly
described and warrants further study. A 2017 study of MDR among children under 15 years
with diarrhea in Kenya showed that younger children (particularly those <24 months), acute
malnutrition, and poor sanitation contributed to an increased risk of MDR enteric pathogens
(Brander et al., 2017). However, age was not found to be associated with MDR in this
population. Reasons for this may be due to a consistently high overall use of antibiotics
among older children and adults, whereas more significant discrepancies in antibiotic use
may exist in early childhood (Brander et al., 2017). These findings suggest that age-specific
antimicrobial recommendations for cholera may not be warranted in older individuals.

V. cholerae O1 isolates in this study showed high susceptibility to azithromycin,
ciprofloxacin, and cephalosporins and high levels of resistance to TMP-SMX, penicillins,
and erythromycin, similar to findings from recent years in South Asia (Parvin et al., 2020).
Resistance to these drugs has been hypothesized to be driven by overuse of these antibiotics,
for both diarrheal illness as well as a multitude of other acute infectious illnesses. Notably,
TMP-SMX and erythromycin have been previously used as first-line treatment for cholera in
the region, which is a likely reason for the notably high resistance of the V/ choleraeisolates
to these antibiotics (Ceccarelli et al., 2016). However, susceptibility to tetracycline and
doxycycline was notably higher (>99% susceptibility) than previously reported at icddr,b,
which found a reversal in susceptibility to 76% in 2018 after <6% susceptibility between
2012-2017 (Parvin et al., 2020). A reversal to complete susceptibility has also been shown
in Nepal’s recent national surveillance study (Rijal et al., 2019). AMR patterns have been
shown to fluctuate rapidly in V/ cholerae because it cannot stably carry resistance plasmids,
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and the organism naturally resides in aquatic environments without selective pressure from
antibiotics (Rijal et al., 2019). Recent calls to change antibiotic guidelines to return to use of
highly cost-effective tetracyclines for V/ cholerae O1 have been suggested (Parvin et al.,
2020). The study findings support this and highlight the vital role of antibiotic stewardship
efforts in influencing AMR rates in LMICs.

Limitations & future directions

This data was obtained from a single study site and year and may not be generalizable to
other populations or time periods. Selection bias may have occurred as icddr,b is a non-
profit, urban referral hospital and may not reflect patients with more mild illness, those in
rural areas, or wealthier patients more likely to attend private clinics. However, our findings
are likely generalizable to other urban healthcare facilities in Bangladesh, a country with an
extremely high burden of diarrheal disease. Additionally, while a wide variety of variables
was included, unmeasured variables, including those shown to be associated with MDR
(e.g., frequency of antibiotic use, prior hospitalizations, and chronic comorbidities), may
confound the present results (Bischoff et al., 2018; Kristinsson, 1997). However, additional
variables could not be assessed given the study’s retrospective nature. The modest pseudo-
RZ suggests that other variables should be considered, to build a more robust predictive
model of MDR V/ cholerae O1. However, the model’s AUC for MDR was good (0.794),
indicating that the included variables may accurately discriminate MDR in this population.
Lastly, while the disk diffusion method of AST is common in LMICs due to its simplicity
and low cost, these tests provide only a qualitative (sensitive, intermediate, or resistant)
result, rather than quantitative result such as provided by dilutional methods, which generate
a minimum inhibitory concentration (MIC) (Reller et al., 2003).

This study’s strengths include the large sample size, the broad age range included, and the
robust clinical data collected to contextualize the AMR data. Further research is needed to
confirm if MDR V. cholerae O1 is associated with more severe infections and the best
strategy for clinical management of MDR cholera. Given the variability in AMR patterns,
there is a great need to monitor resistance patterns locally and to continuously adapt
treatment recommendations. Research developing similar models into clinical tools may
help clinicians better identify patients at the highest MDR risk. More informed decision-
making regarding antibiotic use and selection may subsequently help curb the development
of MDR among V. cholerae and other enteric pathogens in LMICs.
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Figure 1.
Study flow chart.
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Figure 2.
Antibiotic susceptibility profile of Vibrio cholerae O1 isolates.
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