Am. J. Trop. Med. Hyg., 103(2), 2020, pp. 652-658
doi:10.4269/ajtmh.20-0058
Copyright © 2020 by The American Society of Tropical Medicine and Hygiene

Changing Susceptibility Pattern of Vibrio cholerae O1 Isolates to Commonly Used Antibiotics in
the Largest Diarrheal Disease Hospital in Bangladesh during 2000-2018

Irin Parvin," K. M. Shahunja,? Soroar Hossain Khan,! Tahmina Alam," Lubaba Shahrin,! Mst. Mahmuda Ackhter, Monira Sarmin,’

Sampa Dash,® Muhammad Waliur Rahman,! Abu Sadat Mohammad Sayeem Bin Shahid,"* Abu Syed Golam Faruque,’
Tahmeed Ahmed,! and Mohammod Jobayer Chisti

"Nutrition and Clinical Services Division, International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b), Dhaka, Bangladesh;

2University of Queensland, Brisbane, Australia; ®Infectious Diseases Division, International Centre for Diarrhoeal Disease Research, Bangladesh

(icddr,b), Dhaka, Bangladesh

Abstract. The efficacy of commonly used antibiotics for treating severe cholera has been compromised over time
because of the reduced antibiotic susceptibility. This study aimed to describe the rate of detection of Vibrio cholerae O1
from fecal samples and antimicrobial susceptibility profiles of V. cholerae O1 serotypes to commonly used antibiotics.
During January 2000-December 2018, V. cholerae O1 was detected in fecal samples of 7,472 patients. Vibrio cholerae O1
Inaba serotype was predominant, ranging from 60% to 86% during the period 2000-2006 except for 2003 and 2005 when
the Ogawa serotype was predominant. Later on, the Ogawa serotype became predominant from 2007 to 2015, fluctuating
between 52% and 100%. However, in 2016 and 2017, isolation rates declined to 2% and 1%, respectively, but surged
againto 75% in2018. Nearly 100% of V. cholerae O1 strains were sensitive to tetracycline during 2000-2004. Thereafter, a
declining trend of sensitivity was observed to be continued and dropped down to < 6% during 2012-2017 and again
increased to 76% in 2018. Susceptibility to azithromycin and ciprofloxacin was nearly 100%, and susceptibility to
cotrimoxazole and furazolidone was 01% throughout the study period. We also found the emergence of resistance
to erythromycin in 2005 and sensitivity to cotrimoxazole in 2018. Thus, the rapid decline of the sensitivity of V. cholerae O1

to tetracycline and a reversed peak after 6 years need continued monitoring and reporting.

INTRODUCTION

Cholera is known to be caused by the toxigenic strains of
Vibrio cholerae, which belongs to O1 or 0139 serogroups.
Vibrio cholerae O1 is also classified into two biotypes, Clas-
sical and El Tor, and two surviving serotypes, Inaba and
Ogawa (another unstable serotype is Hikojima).! The disease
is caused by ingestion of V. cholerae, commonly present in
contaminated water and food.? Globally, epidemics and en-
demics of cholera have been reported in 47 countries.® Ban-
gladesh is well known for endemicity of cholera that breaks out
in epidemic proportion almost every year. Two peaks are
observed each year in Dhaka, one in the hot summer and
another during the fall.* Cholera is characterized by the pas-
sage of voluminous watery stools and most often accompa-
nied by profuse vomiting; thus, the patient becomes
dehydrated, may even develop hypovolemic shock, and, if not
properly treated, death may occur within few hours of onset.®
The most important part of the treatment of cholera is re-
hydration therapy and replacement of comparable amount of
water and salts lost in stool. The rehydration and replacement
is performed using intravenous (l.V) fluid or oral rehydration
salt solution as recommended by the WHO.® Antibiotic treat-
ment is recommended to reduce the total stool volume and
limit the duration of fecal excretion of V. cholerae.'*?

Tetracycline is a broad-spectrum antibiotic compound that
has a common basic structure and is either isolated directly
from several species of Streptomyces bacteria or produced
semi-synthetically from those isolated compounds. Doxycy-
cline is one of the semi-synthetic, second-generation, long-
acting tetracyclines. Erythromycin and azithromycin are
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macrolides (bacteriostatic, inhibit bacterial protein synthesis,
a class of natural product, and consist of a large macrocyclic
ring). Tetracycline, doxycycline, and erythromycin were the
antibiotics of choice for treating severe cholera in Bangladesh
before late 2004, except young children and pregnant
women."?*7 However, the effectiveness of these commonly
used antimicrobials in treating cholera suddenly lost credibility
because of development of resistance. Later on, ciprofloxacin
became the drug of choice in treating cases of cholera caused
by V. cholerae O1 or 0139 serotypes because of its significant
susceptibility. Whatsoever, soon the clinical outcome turned
out to be poor because of the observed substantially de-
creased susceptibility and a higher increase in minimum in-
hibitory concentration (MIC) of the drug.” Currently, single oral
dose of azithromycin is the antimicrobial of choice for man-
aging cholera in children and adults in Bangladesh.®® Recent
published literature exhibits worldwide public health threats
and concerns for the consequences of antimicrobial re-
sistance. Such expanding resistant infections are over-
burdening the economy of individuals and health systems
persistently. Individuals with resistant infections are more
prone to hospital visits, longer hospital stays, deferred re-
covery, excess medical cost, and higher case fatality."® In-
creasing antimicrobial resistance in V. cholerae infections has
become an emerging public health concern in cholera-
endemic settings of low- and middle-income countries.
Changes in susceptibility of various commonly used antimi-
crobials in cholera have been reported over time in the recent
past. This warrants the necessity of regular monitoring and
reporting of the current sensitivity status of various antibiotics
so that appropriate drug therapy can be prescribed in treating
cases of cholera following a more realistic approach. Thus,
such efforts would help clinicians to detect the antimicrobial
resistance pattern of cholera. Simultaneously, this would help
the policy makers and public health experts to revise the
treatment guideline of cholera and keep them updated about
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the current strains. Ultimately, this will help clinicians in
treating cholera cases with appropriate antibiotics.

This study was undertaken to describe the antimicrobial
susceptibility patterns of V. cholerae O1 serotypes Inaba and
Ogawa against commonly used antibiotics (tetracycline,
ciprofloxacin, azithromycin, cotrimoxazole, furazolidone, and
erythromycin) for the treatment of cholera in patients who
sought clinical care from the Dhaka Hospital of International
Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b),
over the last 19 years.

METHODS

Study site. The Dhaka Hospital of the icddr,b, established in
1962, is a specialized research and training health facility
which primarily provides cost-free care to all patients, mostly
from poor socioeconomic strata, presenting with diarrheal
illnesses. For the last 10 years, patient attendance ranged
between 140,000 and 170,000 each year. The catchment area
consisted of the Dhaka metropolitan city and its outer edge,
although some patients seek care from rural areas, too. Since
1979, the icddr,b has been running a hospital-based diarrheal
disease surveillance system (DDSS) that systematically
samples patients to collect information using a structured
questionnaire. Relevant information includes socioeconomic
and demographic characteristics, housing and environment
situation, feeding behaviors of infants and young children, and
use of drugs and oral rehydration therapy at home before
seeking care from the facility. Information on presenting fea-
tures, nutritional measurements, and treatments received
during hospital stay and their outcome are also recorded on
prescribed forms.

Extensive microbiological assessments of fecal sam-
ples (culture and ELISA) are performed to identify diarrheal
pathogens. The diarrheal disease surveillance system also
monitors antimicrobial susceptibility of common bacterial
pathogens, including V. cholerae. The activity provides valu-
able information to hospital clinicians in their clinical decision-
making processes and enables the icddr,b to detect the
emergence of new pathogens as well as early identification of
outbreaks and their locations, thereby alerting the host gov-
ernment to take adequate and appropriate preventive and
control measures. The system also monitors changes in pa-
tients’ characteristics and antimicrobial susceptibility of bac-
terial pathogens. These population-based surveillance data
constitute an important database for conducting epidemio-
logical studies, validating the result of clinical studies, de-
veloping new research ideas and study designs, improving
patient treatment strategies, and introducing preventive pro-
grams. All these activities have been approved by the Re-
search Review Committee and Ethical Review Committee,
collectively known as the Institutional Review Board of the
icddr,b.™

Study period. Relevant data collected from all patients
enrolled in the DDSS of the Dhaka Hospital of the icddr,b
between January 2000 and December 2018 were used to form
the database for this analysis.

Study population. The study population consisted of pa-
tients of all ages admitted with diarrheal disease (three or more
loose stools per 24 hours) and enrolled in the DDSS of the
Dhaka Hospital of the icddr,b during the study period.

Laboratory methods. A single, fresh, stool specimen
was collected from all enrolled patients and submitted im-
mediately to the clinical microbiology laboratory in Dhaka. All
stool samples were routinely screened for common enteric
pathogens, including Enterotoxigenic Escherichia coli,'?
V. cholerae,'® Shigella spp.,'® and rotavirus'* following stan-
dard laboratory procedures. Isolation, identification, sero-
grouping, and biotyping of V. cholerae were performed using
standard laboratory procedures.'®'® Susceptibility to anti-
microbials was determined by the standard disc diffusion
method on Muller-Hinton agar with commercial discs (BD,
Becton, Dickinson, and Company, Franklin Lakes, NJ), and
the results were reported as S, |, R (sensitive, intermediate,
and resistant) by a method based on the cutoff of the zone size
for different antibiotics according to the latest available Clin-
ical and Laboratory Standards Institute guidelines for
V. cholerae.’®”

Data analysis. Data analysis was performed using the
Statistical Package for the Social Sciences, version 20.0
Windows (SPSS, Chicago, IL). Data were summarized. Sta-
tistical analyses included descriptive methods, including
percentages of detection, serotype distribution, and suscep-
tibility of tetracycline, azithromycin, ciprofloxacin, cotrimox-
azole, furazolidone, and erythromycin.

RESULTS

A total of 47,283 diarrheal patients (irrespective of age and
gender) were enrolled in the DDSS during the study period;
among them, 7,472 (16%) had microbiologically proven cholera
(Figure 1). Of the 7,472 patients, 4,391 (59%) were adults and
3,081 (41%) were children (< 18 years). Among the children,
1,553 (21%) were younger than 5 years. The male-to-female ratio
in both adults and under-five children was 1.3:1.

Figure 2 shows the overall patterns of the isolation rate of
V. cholerae O1. The rate of isolation ranged between 13% and
31% during 2000-2005, and it was 31% in 2005 (which was
higher during the study period). In the successive years, the
isolation rate of V. cholerae O1 gradually decreased, and it was
only 6% in 2016. Thereafter, an increasing trend was ob-
served, and it was 12% in 2018.

Patients enrolled in DDSS during 2000-2018
n=47283

Microbiological culture of stool specimen |—

Culture proven Cholera cases Non-cholera cases

n=7472 n=39811

Analyzed (n=7472)
none excluded

Ficure 1. Study flowchart summarizing the selection and inclusion
processes of the study.
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Ficure 2. Rate of isolation of Vibrio cholerae O1 by standard lab-
oratory methods at Dhaka Hospital from 2000 to 2018. This figure
appears in color at www.ajtmh.org.

Figure 3 shows the pattern of detection rates of V. cholerae
O1 in Dhaka Hospital. Throughout January 2000 and De-
cember 2006, V. cholerae O1 Inaba was the predominant se-
rotype; however, in 2003 and 2005, the prime serotype was
V. cholerae O1 Ogawa. During January 2007-December 2015,
Ogawa was the predominant serotype (ranged from 52% to
100%). However, in 2016 and 2017, a sharp decline in the
isolation rate of V. cholerae O1 Ogawa (2% in 2016 and 1% in
2017) was observed, followed by a sharp increase in the de-
tection of Ogawa serotype in 2018, and it was as high as 75%.
Areversal in the detection of Inaba strains was noted, and the
rates were 98% and 99% in 2016 and 2017, respectively.
However, the detection rate declined to 25% in 2018.

The isolated V. cholerae O1 strains were examined for
susceptibility to tetracycline. It was nearly 100% throughout
2000 and 2004. Afterward, a declining trend was observed. In
2009, only 19% of the isolates of V. cholerae O1 were sensitive
to tetracycline, but during 2010 and 2011, susceptibility to
tetracycline increased to 63% and 64 %, respectively. During
the next 6 years, there was a decline in tetracycline suscep-
tibility, and it decreased to as low as 0.4% in 2017. However, a
dramatic change in susceptibility patterns was observed
throughout the year 2018, and sensitivity to tetracycline
reached as high as 76% in 2018 (Figure 4).

100 o 99 W0 % 98 99

90 86
80 75
70
60
50

40
40 38|

Cholera patient (n%)

30| 29
30 26 a

20
14|

10

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Year

® Ogawa ®Inaba

Ficure 3. Rate of isolation of Vibrio cholerae O1 (Ogawa and Inaba)
by standard laboratory methods at Dhaka Hospital from 2000 to 2018.
This figure appears in color at www.ajtmh.org.
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Ficure 4. Sensitivity pattern of Vibrio cholerae O1 to tetracycline by
standard disc diffusion methods on Muller-Hinton agar with com-
mercial discs from 2000 to 2018. This figure appears in color at
www.ajtmh.org.

The susceptibility pattern of V. cholerae O1 Ogawa and
Inaba to tetracycline was similar during the period January
2000 through December 2004, and it was nearly 100%.
Thereafter, a sharp decline in the sensitivity pattern of
V. cholerae O1 Ogawa was observed, which continued for the
next few years. Figure 5 shows the reversal of the suscepti-
bility pattern of V. cholerae O1 Ogawa serotype (86%) to tet-
racycline in Dhaka in the year 2018. Such reversal of the
susceptibility pattern of serotype Inaba to tetracycline was
also found to be as high as 47% in 2018.

Vibrio cholerae O1 isolates were also examined for sus-
ceptibility to azithromycin, ciprofloxacin, cotrimoxazole, fu-
razolidone, and erythromycin. The susceptibility pattern was
uniform for azithromycin and ciprofloxacin throughout the
study period, which was nearly 100%, except for V. cholerae
01 Ogawa in 2010; during that period, the susceptibility to
azithromycin was 69% (Table 1). A reverse scenario was ob-
served for cotrimoxazole and furazolidone. The susceptibility
was 01% for both the antibiotics, although a rising suscepti-
bility pattern was observed for V. cholerae O1 Inaba to cotri-
moxazole, which was nearly 76% in 2018. We stopped
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Ficure 5. Sensitivity pattern of Vibrio cholerae O1 (Ogawa and
Inaba) to tetracycline by standard disc diffusion methods on Muller-
Hinton agar with commercial discs from 2000 to 2018. This figure
appears in color at www.ajtmh.org.
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consistently testing for sensitivity to furazolidone after 2008
because of its high resistance levels. Erythromycin showed a
higher rate of susceptibility up to 2005 and then a sharp de-
cline to nearly 0% in the rest of the study period (Table 1).

DISCUSSION

Various studies have reported changing drug susceptibility
patterns of bacterial pathogens which are increasingly be-
coming more resistant to commonly used antimicrobial
agents.'®'® Such increasing antimicrobial resistance poses a
detrimental effect on global health and the country’s devel-
opment in general. These undesirable effects are taking place
regardless of age, gender, and geographic location.2>2" The
emergence and spread of resistance are more extensive
where antibiotics are readily available for human and animal
use without any prescription.?22® Moreover, in countries
lacking standard antibiotic treatment guidelines, antibiotics
are overused by the general population because of their ready
availability from drug stores without any prescription and
frequent over-prescribing by health workers and veterinar-
ians.2* Contaminated soil and water of surroundings can
cause the spread of drug-resistant bacteria present in animal
feces.?® Treatment for a wide range of infectious diseases has
become less effective in many parts of the world because of
rapidly increasing antimicrobial resistance against conven-
tional antibiotics.?® Development of antibiotic resistance oc-
curs either spontaneously via random mutation of genes as a
natural selection process or by transfer of the genetic in-
formation from bacteria by plasmid exchanges following a
horizontal manner (individual to individual). It has been re-
ported that the absence of antibiotic pressure causes loss
of a resistance allele that leads to reversal of antibiotic
resistance.'®?! Studies have indicated that V. cholerae can
acquire resistance genes from resistant bacteria present in the
environment either by close contact or from commensals or
other bacterial pathogens present in the human gut. Thus,
antimicrobial resistance can render the treatment of cases of
cholera difficult.®#°

A study conducted in the Alborz Province of Iran during the
cholera outbreak of 2011 reported that among the rectal swab
specimens of diarrheal patients examined (n = 9,844), 244
(2.5%) reported growth of V. cholerae O1. All cases belonged
to serotype Ogawa.?” The antibiotic susceptibility to tetracy-
clineinthat study was 81.2%, which was similar to the findings
of our study in 2018. A comparable result was found in
Mozambique during cholera outbreaks that occurred from
2012 to 2015. It was revealed that in 2012, 25% of the
V. cholerae O1 El Tor Ogawa isolates were resistant to tetra-
cycline, which increased to 100% in the case of doxycycline in
2015.28 Another study conducted in a rural area of Mozam-
bigue during 2002-2004 showed that 97.3% of V. cholerae O1
Ogawa isolates were resistant to tetracycline. None of the
isolates was resistant to ciprofloxacin.?® On the other hand, in
our study, the sensitivity pattern of V. cholerae O1 Ogawa to
tetracycline reversed. In Kelantan, Malaysia, during 1992 and
1994, all the V. cholerae isolates tested (n = 37) for drug sus-
ceptibility were sensitive to tetracycline. During the 1998
outbreak, the treating physicians observed that the duration of
illness was prolonged in some of the cases, which prompted
antibiotic sensitivity testing and revealed that only 12.5%
(3/24) of isolates of V. cholerae were sensitive to tetracycline.°

In December 1979, V. cholerae O1 resistant to tetracy-
cline, ampicillin, kanamycin, streptomycin, and cotrimoxazole
(trimethoprim-sulfamethoxazole) was observed in cholera
patients seeking care from the Matlab Hospital of the icddr,b,
located in rural Bangladesh.31 In November 2004, once more
multidrug-resistant strains of V. cholerae (strains resistant
to furazolidone, cotrimoxazole [trimethoprim— sulphamethox-
azole], tetracycline, and erythromycin) were isolated in Dhaka
Hospital among both Ogawa (13%) and Inaba (5%) serotypes.
By February 2005, all the Ogawa isolates became multidrug re-
sistant. For the first time, a unique multidrug resistance due to
resistance to erythromycin among V. cholerae O1 in Bangladesh
was encountered.” A study noted a consistent increase in the
median MIC (ciprofloxacin) of V. cholerae O1 strains detected at
the Dhaka Hospital of the icddr,b over the years: 0.003 pg/mL in
1994, 0.023 pg/mL in 2001, and 0.38-0.5 pg/mL in 2005. These
observations were alarming because any further increase in the
MIC may cause ciprofloxacin to be more ineffective in the clinical
response of cholera patients infected with multidrug-resistant
strains of V. cholerae O1.7%2

Periodic interconversion (genetic reversion) of V. cholerae
strains have been reported between Inaba and Ogawa sero-
types. Such conversion of Ogawa to Inaba is common; how-
ever, conversion from Inaba to Ogawa is less frequent. During
two consecutive cholera seasons (1989-90) in Calcutta, India,
serotype Inaba dominated in 1989 and Ogawa in 1990. The
present study observed that V. cholerae Inaba serotype sud-
denly disappeared, whereas Ogawa strains have emerged
along with widespread tetracycline susceptibility patterns that
were similar to that of Inaba observed in the recently prevailing
V. cholerae O1 Inaba El Tor biotype. Such genetic conversion
has been reported in other cholera-endemic countries of the
developing world. In addition, the absence of drug pressure
due to conventional antibiotics no longer being used in the
management of cholera cases might have contributed to the
reversal of the antibiotic resistance patterns. In August 2006, a
re-emergence of the Inaba serotype and a sharp reduction in
the detection of the Ogawa serotype were observed in the
Dhaka Hospital of urban Bangladesh.”-3%34

According to researchers of different countries of the world,
an appropriate antibiotic for cholera reduces the total diarrheal
stool volume, 1.V fluid requirement, duration of diarrhea, and
excretion of V. cholerae in the stool.*>*” Moreover, as an
adjunct to rehydration therapy, the effective role of tetracy-
cline in different doses in Bangladeshi cholera patients was
also observed. Researchers have indicated that although
multiple doses of tetracycline are the best preferred, single
dose remains a reasonable alternative in the clinical man-
agement of cases of cholera.®® Single-dose therapy is re-
ported to be less expensive and has better patient compliance
and simplicity in dispensing, particularly during the epidemic
situation with an escalating patient load.*®

A single 300-mg dose of doxycycline, a second-generation,
long-acting tetracyclines, has also been found to be as ef-
fective as multiple doses of tetracycline in the treatment of
cholera.®® A clinical trial in Bangladesh reported a higher rate
of clinical (cessation of watery stool within 48 hours of the
initiation of the study drug without recurrence in the sub-
sequent 72 hours) and bacteriological cure (inability to isolate
V. cholerae from stool or rectal swab samples after study
day 2) with single-dose (1 g) ciprofloxacin than with single-
dose doxycycline (300 mg) among patients infected with
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V. cholerae. According to a clinical trial in Bangladesh, single-
dose azithromycin (1 g) was effective in the treatment of severe
cholera in adults. Patients who received azithromycin had a
shorter duration of diarrhea than patients who were treated
with ciprofloxacin, as well as lower frequency of vomiting,
fewer stools, and a lower stool output.*?

A study was conducted in different parts of Odisha state of
India during 2004 and 2013. Nine hundred nine V. cholerae
isolates were obtained from 4,886 rectal swabs during the
study period. Vibrio cholerae O1 showed uniformly high re-
sistance to cotrimoxazole and furazolidone throughout the
study period, which was similar to the report of this study.*°
Another study was conducted in the rural coastal area of
Mathbaria, Bangladesh, during 2010 and 2014. All V. cholerae
O1 isolates were highly susceptible to azithromycin, and as
high as 95% of the V. cholerae O1 isolates reported suscep-
tibility to ciprofloxacin.*! Similar susceptibility has also been
reported by our study during the 19-year study period. We do
not have any ready explanation for such a susceptibility pat-
tern that remains consistently high and close to 100% over a
similar study period.

During the multidrug-resistant cholera outbreaks in Dhaka,
antibiotic treatment guidelines for cases of severe cholera-like
illnesses were changed, and single-dose ciprofloxacin was
considered as the antibiotic of choice instead of tetracycline or
doxycycline*?; however, sooner, treating physicians anec-
dotally observed that the duration of iliness was prolonged in
most of the cases treated with ciprofloxacin. The questionable
effectiveness of the ciprofloxacin prompted the review of the
MIC levels of the drug, and the findings of the consistently
increasing trend of MIC levels prompted clinicians to switch
overto azithromycin in treating cases of cholera, both in young
children and adults.”

CONCLUSION

As many antibiotics have shown their changing suscepti-
bility patterns over time, close monitoring of antibiotic sus-
ceptibility and simultaneous reconsideration of switching to
old conventional tetracycline to treat cases of cholera have
become imperative. Such a notion is based on the increased
susceptibility of the vast majority of V. cholerae O1 isolates to
tetracycline in recent years.
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