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Abstract: Despite the number of cholera outbreaks reported worldwide, only a few cases are recorded
among returning European travellers. We describe the case of a 41-year-old male, returning to Italy
after a stay in Bangladesh, his origin country, who presented with watery diarrhoea. Vibrio cholerae
and norovirus were detected in the patient’s stools via multiplex PCR methods. Direct microscopy,
Gram staining, culture and antibiotic susceptibility tests were performed. The isolates were tested
using end-point PCR for the detection of potentially enteropathogenic V. cholera. Serotype and cholera
toxins identification were carried out. Whole genome sequencing and bioinformatics analysis were
performed, and antimicrobial resistance genes identified. A phylogenetic tree with the most similar
genomes of databases previously described was built. Sample of the food brought back by the patient
were also collected and analysed. The patient was diagnosed with V. cholerae O1, serotype Inaba,
norovirus and SARS-CoV-2 concomitant infection. The isolated V. cholerae strain was found to belong
to ST69, encoding for cholera toxin, ctxB7 type and was phylogenetically related to the 2018 outbreak
in Dhaka, Bangladesh. Adopting a multidisciplinary approach in a cholera non-endemic country
ensured rapid and accurate diagnosis, timely clinical management, and epidemiological investigation

at national and international level.

Keywords: cholera; Vibrio cholerae; diarrhoea; management; Bangladesh; non-endemic; molecular
characterization; whole genome sequencing; VFR

1. Introduction

Cholera is an infectious disease caused by the Gram-negative bacterial pathogen Vibrio
cholerae of serogroups O1 and O139; they are facultative anaerobic, motile bacteria that
appear to be comma shaped when observed microscopically. The disease is caused by
the ingestion of contaminated food or water and is mainly related to insufficient access to
potable water and inadequate hygienic conditions [1]. The incubation period is between
twelve hours and five days after ingestion of contaminated food or water [2,3]. Strains of
V. cholerae are classified into serogroups based on the structure of the outer membrane O
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antigen and into biotypes based on biochemical and microbiological characteristics. The
seventh cholera pandemic, which is considered to be still ongoing, is caused by the El Tor
biotype of V. cholerae of serogroup O1 (El Tor O1) [4], which replaced the “classical” biotype
and spread globally since its appearance in Indonesia in 1961 [5]. V. cholerae O139 emerged
in the early 1990s in southern India, causing diseases closely resembling V. cholerae O1 El
Tor with large outbreaks in India and southern Bangladesh, and continued to spread across
Asia until the year 2000 [6,7]. Although the aim of the roadmap planned by the Global
Task Force on Cholera Control (GTFCC) of WHO [8] is to eliminate the disease in at least
20 countries by 2030 and to reduce deaths by 90% worldwide, cholera remains among the
most common intestinal infectious disease with the highest morbidity and mortality rate,
especially for children and older individuals.

The global burden of cholera is high and it is estimated that the number of cases is
much higher than those officially notified. Based on researchers’ estimates, each year there
are 2.86 million cases of cholera (ranging from 1.3 to 4.0 million), and 95,000 deaths (ranging
from 21,000 to 143,000) in endemic countries worldwide, and Bangladesh is one of the
countries with the highest number of cases and deaths [9]. In Bangladesh, the incidence
of severe cholera in 2010 was estimated to range from 0.3 to 4.9 per 1000 population [10]
and in 2015 about one out of six individuals were infected by V. cholerae O1 [11]. Sub-
Saharan Africa accounts for the majority of this burden, but virtually all WHO regions are
affected, with an estimated incidence rate ranging from 0.10 per 1000 population at risk (in
AMR-B, EUR-B and WPR-B), to 25.60 in AMR-D (Haiti), and a case fatality rate ranging
from 1.0% to 3.8% in both AFR-D and AFR-E [12]. In addition, diarrhoeal diseases, such
as cholera, continue to pose a serious threat to the global human population and public
health after natural disasters, such as earthquakes and floods [8]. While in high-income
countries, owing to the access to safe water and good sanitation conditions, cholera is
diagnosed as an imported and travel-related rare disease, in some low-income countries,
the disease is endemic and epidemics can arise. In 2020, a large outbreak of cholera started
in the Americas. Recurrent outbreaks have recently been reported in West and Central
Africa with a fatality rate of about 2% [13]. The ECDC'’s reporting activity suggests that
cholera cases have continued to be reported in western Africa and south-east Asia over the
past months and outbreaks have also been notified in the eastern and southern parts of
Africa as well as in some parts of the Middle East [14]. Cholera, therefore is still a major
challenge worldwide.

Despite the frequency of cholera outbreaks noted worldwide, only a few cases are
reported each year among returning European travellers. The risk of cholera infection in
this population is low, even though sporadic importation of cases in European countries
remains possible after visiting cholera-affected areas. From 2018 to 2021, 55 cases were
reported in Europe and European Economic Area (EU/EEA) countries; 26, 26, 0 and 3 cases
were reported in 2018, 2019, 2020 and 2021, respectively, with at least 96% of cases linked
to a recent travel history. Information on cases is not yet available for 2022. One out of
fifty-five EU/EEA cases was reported in Italy in 2019 [15,16].

Herein, we describe the case of a young man returning to Italy from his home country
of Bangladesh along with other family members (visiting friends and relatives—VFR), who
was simultaneously affected by V. cholerae, norovirus and SARS-CoV-2 infection.

2. Materials and Methods
2.1. Microbiological Methods for Bacterial Identification

Stool samples from the patient were first processed in the microbiology laboratories of
the “Policlinico Casilino” hospital and then at “Lazzaro Spallanzani” National Institute for
Infectious Diseases where the patient was referred (both hospitals are located in Rome).
V. cholerae and norovirus were detected using multiplex PCR methods in both laboratories
(FilmArray® bioMérieux SA, Marcy-1'Etoile, France, and QIAStat-Dx gastrointestinal panel,
QIAGEN, Hilden, Germany, respectively); both assays simultaneously amplify more than
20 different targets for the most common pathogens causing infectious diarrhoea, including
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viruses, bacteria, and parasites. Subsequently, standard methods (direct microscopy, Gram
staining and culture on selective media for 24 h at 37 °C) were performed: MacConkey
II Agar, MacConkey Agar with sorbitol, Hektoen Enteric Agar (Becton Dickinson, Inc.,
Sparks, MD, USA), and Thiosulfate Citrate Bile Sucrose Agar (T.C.B.S. Biolife Italiana,
Monza, Italy) were used for culture. The identification of V. cholerae was confirmed, with a
score > 2, by Maldi-TOF mass spectrometry on plate-cultured colonies (Bruker Daltonik
GmbH, Bremen, Germany). The antibiotic susceptibility test was performed using the
MIC gradient strip test (Liofilchem, Roseto degli Abruzzi, Italy) and interpreted according
to the European Committee on Antimicrobial Susceptibility Testing guidelines (EUCAST;
http:/ /www.eucast.org, accessed on 8 April 2022).

2.2. Serological and Molecular Characterization

Both isolates were sent to the Regional Reference Laboratory for foodborne pathogens
of human origin (LRPTAU) of the Experimental Zooprophylactic Institute of Latium and
Tuscany (IZSLT), central division of Rome, according to regional regulations. The isolates
were tested using end point PCR for the detection of potentially enteropathogenic V. cholerae
according to the ISO 21872-1: 2017. The isolates were then sent to Superior Institute of
Health (ISS) to perform serotype identification. The strains were streaked on T.C.B.S. cholera
medium (Oxoid, UK), on CHROMagar Vibrio (CHROMagar™, Paris, France) and Tryptone
Soya Agar (T.S.A. Oxoid, UK). O serotyping analysis was performed using serological slide
agglutination with commercial anti-V. cholerae O1, anti-V. cholerae 0139, anti-O1 Inaba and
anti-O1 Ogawa antisera (Denka Seiken Co., LTD, Tokyo, Japan). Furthermore, PCR for the
presence of the classical cholera toxin and Haitian types of CtxB gene was carried out [17].

2.3. Whole Genome Sequencing and Bioinformatics Analysis

Genomic DNA was extracted with the automatic extraction system QIAsymphony
(QIAGEN, Hilden, Germany) for whole genome sequencing analysis. Libraries were
prepared using Nextera XT DNA Library Prep and pair-end (2 x 250 bp) run with a MiSeq
sequencer (Illumina, CA, USA).

Raw reads quality was assessed using Fast QC (v0.11.5) [18] and low-quality reads and
adapters were trimmed using Trimmomatic (v0.39) [19] with the following quality filters:
minimum quality of Q30, a window size of 10 with Q20 as average quality, and a minimum
length read of 50 bp. The high quality reads were de novo assembled into contigs using
SPAdes (v3.13.0) with the careful option on [20], draft assemblies were improved using
Pilon (v1.23) [21] and contigs shorter than 500 bp were removed [22]. The assembly quality
was assessed with QUAST (v5.0.2) [23]. In silico subtyping was performed with Multi-locus
Sequence Typing (MLST v2.11) [24] that used the seven housekeeping genes (adk, gyrB, mdh,
metE, pntA, purM, and pyrC). Antimicrobial resistance genes were identified using BLAST
(Camacho et al., 2009) based on the ResFinder database [25] (last access 3/10/2022) and
using Comprehensive Antibiotic Resistance Database (CARD, [26]) with the tool Resistance
Gene Identifier (RGI). Both methods were used with a threshold of >95% identity. VicPred
(Vibrio cholerae Genotype Prediction Tool) [27] (accessible on http:/ /vicpred.hanyang.ac.kr/,
accessed on 1 September 2022) was used for the prediction of cholera toxins (CTX), Vibrio
pathogenicity island (VPI) and Vibrio seventh pandemic island (VSP) genetic elements. The
characterization of the gene responsible for the determination of the serotype (wbeT) was
performed to evaluate the presence of mutations, insertions or deletions that could cause
the gene disruption and the inactivation of its product(an S-adenosylmethionine-dependent
methyl transferase) [28]. The insertion described in the results was identified using the
Blast tool [29] implemented in the IS finder [30].

Similar Genome Finder Service [31] was used to find similar public genomes on
BV-BRC platform [32], using the GenBank public genome database [33] and the refer-
ence genome database. The NCBI Reference Sequence Database is a comprehensive,
non-redundant and well-annotated set of reference genome sequences [34]. On the same
platform, the Phylogenetic Tree Building Service was used to construct Maximum Like-
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lihood phylogenetic trees with the most similar genomes of both databases previously
described [35,36]. For the phylogenetic analysis with the most similar genome found in
all public databases, the closer one hundred were selected and three internal reference
strains were added. Five strains isolated in previous years in different countries were
used as outgroups (CP028827-CP028828, Bangladesh, 1975; PQBQ00000000, Russia, 1972;
CP025936—CP025937, USA, 1992; CWRQ00000000, Vietnam, 2003; and JIDH00000000, India,
1941). The Phylogenetic Tree Building Service was performed using the RaxML tool [37]
with 500 or 1000 single copy genes partitioned, and a rapid bootstrap of 100 [38]. The trees
were visualised using the tool FigTree [39].

2.4. Epidemiological Investigation and Food Sample Collection

Following the diagnosis of a cholera case, the Local Health Authorities (LHA) im-
mediately started an epidemiological investigation, taking samples of the food brought
back home by the patient. They promptly contacted the patient’s relatives while he was
in a serious condition in hospital, and conducted a thorough epidemiological interview.
An interview with the patient was conducted as soon as his clinical condition allowed,
which led to acquiring further details on general habits, meals and water consumed in the
period before the onset of symptoms. The food samples collected by LHA were sent to the
Food Microbiology Unit laboratories of IZSLT. Analyses for detection of V. cholerae were
performed according to ISO 21872-1: 2017.

3. Results
3.1. Case Presentation and Epidemiological Investigation

We report the case of a 41-year-old patient, with history of a recent one-month stay
in Cumilla, a rural area 100 km southeast from Dhaka, Bangladesh. The flight had a
stopover in Saudi Arabia and landed in Rome Fiumicino airport on 3 April 2022. The
patient reported nausea on the same day, followed by diarrhoea with watery stools and
vomiting; he never presented fever. On 5 April he went to the Emergency Department
of the “Policlinico Casilino” Hospital where his blood and stool tests were carried out.
The blood test showed the following results: leukocytes 17.220/uL, haemoglobin 21 g/dL
(hematocrit 61.9%), procalcitonin 0.83 ng/mL, and RCP 21.2 mg/L. The patient had acute
renal failure (creatinine 2.08 mg/dL and eGFR38 mL/min). A Filmarray gastrointestinal
panel resulted positive for V. cholerae and norovirus. The strain of V. cholerae was isolated
on a specific culture media from the patient’s stools. The SARS-CoV-2 nasopharyngeal
swab for the N gene and the Orflab region (Ustar Biotechnologies Hangzhou, China) was
negative and the chest CT scan revealed no signs of pneumonia. The patient was referred
to the National Institute for Infectious Diseases (INMI) “Lazzaro Spallanzani” for treatment
and further investigations.

The patient had received a full-SARS-CoV-2 vaccine cycle (three doses) and had a
negative remote pathologycal history. At admission, he was in severe clinical condition,
with more than 20 watery diarrhoeal discharges per day and severe dehydration (low blood
pressure, dry skin, hypohydrated mucosae, breaded tongue, and hypo-sphygmic pulses).
His blood pressure was 80/50 mmHg, and heart rate was 120 bpm. The patient presented
tachypnoea (the respiratory rate was 32 per minute) and anuria. The abdomen was globular
due to adiposity and tense due to meteorism but treatable on palpation. The patient was in
pain but alert and conscious; no meningeal signs were found. Creatinine was 3.81 mg/dL
at admission, 5.98 mg/dL the day after, and CPK was 2148 U/L. A severe metabolic
acidosis was found (pH 7.2) with a low level of bicarbonate (HCO3 13.6 Mmol/L). Viral
hepatitis markers and HIV test were negative. The SARS-CoV-2 nasopharyngeal molecular
swab at admission was positive at high cycle threshold (Ct value 37) with negative anti
nucleocapsid IgG and positive anti Spike IgG (504 BAU/mL). Widal tests and blood
cultures, performed at admission, resulted negative. Toxin detection for Clostridium difficile
using the immunochromatographic test was negative.
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Patient's arrival at Fiumicino
airport (Rome).
Symptoms onset

At admission, a new multiplex PCR performed on stool sample confirmed the pos-
itive result for V. cholerae and norovirus. The stool culture was positive for V. cholerae
on 5 April, and negative on 9 April. The phenotypic susceptibility profile of the identi-
fied V. cholerae strain highlighted antibiotic resistance to ciprofloxacin (MIC 0.38 ug/mL),
levofloxacin (MIC 0.5 pg/mL), and trimetoprim/sulfametoxazol (MIC > 32 pug/mL) and
showed susceptibility to azithromycin (MIC 1.5 pg/mL), cefotaxime (MIC < 0.016 pug/mL),
ceftazidime (MIC 0.38 pg/mL), meropenem (MIC 0.38 ug/mL), piperacillin/tazobactam
(MIC 0.5 ng/mL), and tetracycline (NA).

During his hospital stay, the patient received intravenous (Ringer lactate solution
of 6000 mL the first day, then gradually reduced) and oral fluid therapy associated with
electrolyte correction and sodium bicarbonate to restore normal hydration and acid-base
balance. Antibiotic therapy was given intravenously (azithromycin 500 mg daily for
three days and ceftriaxone 2 g daily for six days) since the patient had uncontrollable
vomiting. On 6 April, the patient’s renal function and clinical conditions improved; the
frequency of diarrhoeal discharges gradually decreased and the diarrhoeal syndrome
resolved completely on 8 April, when intravenous fluids were discontinued.

During the epidemiological investigation, the patient stated that he ate rice, chicken
and potatoes and did not drink tap water but only packaged water in the days before the
onset of symptoms. He did not perform ritual baths and always stayed in Cumilla. No
family member who had travelled and stayed with the patient (his sister and his nephew)
neither his relatives living in Bangladesh presented similar symptoms.

On 7 April, the food sampling in patient’s home was performed. The food collected
by the local health authorities included dragon fruit, sliced orange fruit (melon or mango),
crushed fruit (probably maracuja), a typical rice flour dessert (Nokshi Pitha) and two
different kinds of bakery products. No sample was found positive for V. cholerae.

Nasopharyngeal swabs for SARS-CoV-2 RNA performed on 9 and 11 April were
negative. On 13 April the patient was discharged in good health with the diagnosis
of V. cholerae and norovirus enterocolitis complicated by hypovolemic shock, metabolic
acidosis, dehydration, acute renal failure and SARS-CoV-2 infection. The timeline of the
main events of the case is reported in Figure 1.

Patient ER admission.
Stool tested positive for V. cholerae and
Norovirus.
SARS-CoV-2 test negative.

Food microbiological test negative.
Confirmed potentially
enteropathogenic V. cholerae with PCR
End-Point of the clinical strain

Stool tested negative for V. cholerae.
SARS-CoV-2 test negative

I
Transfer to INMI.
SARS-CoV-2 test positive

Food sampling
at patient's home

|

|

3 Apr 4 Apr

5 Apr

6 Apr 7 Apr 8 Apr 9 Apr 10 Apr 11 Apr 12 Apr 13 Apr

Improvement of renal function
and general conditions

End of patient symptoms.
Start of food microbiological test.

SARS-CoV-2 test negative

Confirmed identification and typing of
the clinical strain as O1 INABA,
Ctx positive

Patient discharged
in good health condition

Figure 1. Timeline of the patient’s medical history. Timeline and boxes representing the succession
of the main events of the reported cholera case referring to dates. ER—Emergency Department
(Policlinico Casilino Hospital, Rome), INMI— National Institute for Infectious Diseases (“Lazzaro
Spallanzani”, Rome).
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3.2. V. cholerae Strain Molecular Characterization

Both isolated V. cholerae strains were identified as belonging to the O1 Inaba serotype.
The end-point PCR for the detection of potentially enteropathogenic V. cholerae and PCR
for the presence of the cholera toxin gene CtxB provided positive results (Haitian variant
Ctx). The sequence type of the strain was identified as ST69.

The isolate carried the genes (with identity > 95%) for resistance to the following drug
classes: carbapenems (varG), peptide antibiotics (almE, almF, and almG), diaminopyrimi-
dine antibiotics (trimethoprim) (dfrA1), sulfonamide antibiotics (sulfamethoxazole) (sul2),
aminoglycosides (streptomycin) (genes APH(3")-Ib and APH(6)-1d), phenicol antibiotics
(florfenicol, and chloramphenicol) (genes floR and catB9), macrolides, fluoroquinolones and
penam (CRP).

The genomic region encoding for cholera toxin subunit B, ctxB7 type (named Haitian
variant), showed 100% identity with different genomic sequences of V. cholerae O1 In-
aba and Ogawa, isolated between 2010 and 2022 in Haiti (GenBank Accession number
CP003069-CP003070) [40] and Australia from cases linked to travel to Pakistan (CP102927-
CP102928) [41]. Whole genome sequence (WGS) analysis revealed four copies of the repeat
(TTTTGAT) in the ToxR binding region, as observed in V. cholerae Inaba strain CNRVC190243
(OW443147, OW443148, and OW443149) isolated in Yemen in 2019, instead of the five copies
of the original Haitian strains of the 2010 outbreak, as described by Kim EJ et al. (2014) [42]
(KJ540264). The strain also presented the cholera toxin genetic elements belonging to CTX-1
group (ace, cep, ctxA, orfU and zot genes). Accessory cholera enterotoxin (Ace) and zonula
occludens toxin (Zot) contribute to pathogenesis of V. cholerae by inducing changes in the
intestinal barrier [43]. The detailed list of the elements of VPI-I, VPI-II, VSP-I and VSP-II is
reported in Table S1.

Similar Genome Finder tool detected a high similarity with the reference strain
V. cholerae O1 biovar ElTor str. N16961 (AE003852, and AE003853), with a Mash distance of
0.93 x 1073, isolated in 1971 in Bangladesh [44].

The phylogenetic analysis of the strain sequence (named Vibrio cholerae VUM) with the
100 most similar sequences of the reference database confirmed that the strain belonged to
the V. cholerae clade (Figure S1).

The phylogenetic analysis with the 100 most similar genomes in public databases
(Figure 2) showed that the strain was placed in the clade composed by strains of V. cholerae
O1 biovar ElTor from Bangladesh isolated in 2017-2018 during a seasonal outbreak in the
city of Dhaka.

The gene wbeT, responsible for the determination of serotype Inaba or Ogawa, was
identified in the genome with an insertion of 1261 bp, corresponding to the I1S3-like element
ISVch4 family transposase (Figure S1). This evidence confirms the serological identification
of the strain as Inaba serotype.
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Figure 2. V. cholerae maximum likelihood phylogenetic tree based on public database. Maximum
Likelihood phylogenetic tree based on the 100 most similar genomes found in the public database
with V. cholerae clinical strain (highlighted in red, named Vibrio cholerae VUM). In blue, the available
genomes of reference strains used for the characterization of cholera toxins. In bold, the bootstrap
values > 95.

4. Discussion

Here, we describe the case of a VFR diagnosed with cholera (imported from Bangladesh),
its prompt diagnosis, detailed molecular characterization and clinical management. The
concomitant detection of norovirus and SARS-CoV-2 probably did not substantially con-
tribute to the clinical picture because the symptoms were mainly related to cholera. In



Trop. Med. Infect. Dis. 2023, 8, 266

8of 13

fact, although norovirus is one of the viral pathogens most frequently recognised using
PCR in travellers’ diarrhoea [45], it is possible to find co-infection results, even if at a low
frequency, when using highly sensitive multiplex molecular assays, such as those used in
our study [46], but it is very difficult to determine the relevance of each of these pathogens
detected. To our knowledge, no other cases of coinfection of V. cholerae with norovirus
have been found in the literature. In this case, the clinical assessment was that the patient’s
symptoms were attributable almost exclusively to V. cholerae. Cholera is a worldwide
infection, and as a communicable disease, can spread across continents within days via
air. Even if most people infected with V. cholerae do not develop any symptoms, infected
subjects can shed bacteria in their faeces for one to ten days after infection, potentially
contaminating the environment, and posing a risk of infection to other people [47].

Diagnosis and reporting of cholera cases in non-endemic countries is very rare. Ri-
caboni et al. described only 14 single imported cases diagnosed in Europe and the United
States of America and in the literature published in the years from 1994 to 2018, only
three of these cases were observed in Italy, in 2005, 2013 and 2017, respectively [48]. It is
noteworthy that the characteristics of the case reported herein are similar to previous cases
reported in Italy and other high-income countries. In fact, most of the patients were VER or
travellers and all recovered. In the last five years only another imported case, out of nine
sent to ISS for validation, was confirmed as a case of cholera: a strain of V. cholerae O1 Inaba
serotype, positive for toxin gene variant CtxB, was isolated in 2019 from a patient who had
eaten food imported from Bangladesh [15,16].

Following the WHO recommendations and definition, when confronted with a patient
aged two years or more who developed severe dehydration from acute watery diarrhoea
in a non-endemic area, a case of cholera was suspected [3]. The patient was then identified
as a probable case in presence of a strong epidemiological link (patient returning from an
endemic area). The diagnosis was later microbiologically confirmed, following ECDC case
definition (Commission Implementing Decision EU 2018/945, Annex I, 3.7).

Although rapid diagnostic tests can facilitate diagnosis, especially in regions with
limited laboratory capacities [49], these assays’ performance ranges widely, showing sen-
sitivities of 58-100% and specificities of 60-100%. In our case, both the multiplex PCR
assays showed high values of sensitivity and specificity for V. cholerae. In particular, for
the FilmArray® gastrointestinal panel, the analytical sensitivity (or limit of detection LoD)
reported by the manufacturer is 100% for a LoD of 8 x 103 cells/mL and the specificity is
99.9% (95% Confidence Interval 99.6-100%). For the QIAstat-Dx® Gastrointestinal Panel the
sensitivity value declared by the manufacturer is 100% (95% Confidence Interval 34.2-100%)
with a specificity of 100% (95% Confidence Interval 98.9-100%). Both assays gave con-
cordant results, with a low turnaround time (TAT) (shorter than two hours), which is
crucial in confirming an initial suspicion. Bacterial identification by matrix assisted laser
desorption/ionization time of the flight mass spectrometry (MALDI-TOF technique), per-
formed on the strains isolated after 24 h of culture confirmed the species identification. [50].
However, rapid diagnostic tests are only able to identify V. cholerae species, but not the
serogroup, which is crucial for cholera definition. In fact, at present, cultural and serological
techniques remain the gold standard for diagnosis and appropriate case notification and
management [51], as they allow to identify serogroups O1 and O139, which are responsible
for cholera cases. Most importantly the development of next generation sequencing strate-
gies in support of epidemiological investigations for foodborne diseases, allows in-depth
characterization of the strain, detection of virulence determinants and the implementation
of phylogenetic and outbreak investigations.

Cholera is a treatable disease through prompt administration of an oral rehydration so-
lution and antibiotics in severe cases. Nevertheless, antimicrobial resistance is an emerging
problem. Since the 1990’s, antimicrobial resistance to streptomycin, chloramphenicol and
cotrimoxazole has been reported [52] and has been associated with genetic modifications.
Antimicrobial susceptibility testing of V. cholerae isolated strains is recommended because
the resistance patterns vary in different countries and across different times [3]. Currently,
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most strains are sensitive to tetracyclines, with doxycycline being the gold standard treat-
ment. An emerging resistance to azithromycin has been reported in China, India, and
Bangladesh [2], but a recent study showed susceptibility of nearly 100% of isolates for
azithromycin and ciprofloxacin in Bangladesh throughout the period 2000-2018, except
for V. cholerae O1 Ogawa in 2010 when the susceptibility to azithromycin was found to be
69% [53]. Multidrug resistance is an emerging problem for V. cholerae in Bangladesh too [54].
In our case, although molecular analysis reported the presence of resistance genes for
eight different drug classes, phenotypical resistance was shown for only two drug classes,
fluoroquinolones and sulfonamides, as partly expected, and this matched the favourable
clinical response of the patient to the administered azithromycin. The divergent phenotypic
and genotypic antimicrobial profiles was already described in V. cholerae Non-O1/Non-
0139 [55]. In light of the changing patterns, phenotypic characterization of antimicrobial
resistance of the isolates is important to guide the therapeutic strategies.

Molecular characterization allowed the identification of CtxB7 (or Haitian Cholera
toxin) of V. cholerae O1 isolate, known as a hypervirulent strain, which together with the
presence of all the main virulence factors can be a cause of severe disease and resistance to
ciprofloxacin [56], as in our case.

The interruption of the wbeT gene (previously called rfbT) causes disruption of the
gene and the inactivation of the methyltransferase enzyme which catalyses the methylation
of the lipopolysaccharides (LPS) [57]. Strains with methylated LPS are identified as Ogawa
serotype, whereas strains with a non-methylated LPS (due to inactivation of the enzyme
by mutations in the wbeT gene) are identified as Inaba serotype strains. In our case, the
gene was interrupted by the presence of a transposable element, the ISVch4 of IS3 family,
different from the one previously described in the Inaba serotypes described by Baddam
et al. in 2020 [58]; such an interruption was not described before. The phylogenetic analysis
showed that the isolated clinical strain belonged to the clade composed of isolates from the
seasonal outbreak that occurred in Dhaka, Bangladesh during 2017-2018 [58], showing a
significant high similarity. All isolates belonging to this outbreak cluster were identified as
serotype Ogawa. The clinical isolate described in this study could probably descend from
this outbreak and may have, over the years, shifted from Ogawa to Inaba. The serotype
shift (from Ogawa to Inaba) is considered a frequent phenomenon, already described,
which helps the pathogen to escape acquired immunity [59]. The city visited by the patient
is about one hundred kilometers away from the capital of Bangladesh, Dhaka. This country,
together with Syria, Afghanistan, and Pakistan, had the highest notification rate worldwide
in 2022, that is more than 100 per 100,000 persons, as shown in the geographical distribution
map provided by ECDC [14]. The high rate of spread, the lapsed time and geographical
dispersion are consistent with the V. cholerae genomic reconstruction, which may have
contributed to the serotype change responsible for the increase in reinfections.

The prompt evaluation of sampled food brought back from the trip allowed to assess
further risks for other people and, from an epidemiological point of view, it is of great
importance in preventing and limiting the spread of a potentially severe disease in a
non-endemic country; it should always be performed as an essential part of the public
health policy for the control and management strategy. In addition, the present work
emphasises the importance of a concerted management of a serious communicable disease
by the network of health institutions (hospitals, microbiology laboratories, regional and
national reference laboratories, regional and national competent authorities, and regional
and national surveillance centres) to guarantee rapid diagnosis and disease control.

5. Conclusions

The above-reported case highlights the need for prompt recognition and diagnosis,
early treatment, and proper and safe management of cholera. It is crucial that the disease
is rapidly diagnosed and treated even in settings where V. cholerae infection rarely occurs.
The molecular characterization and whole genome sequencing and the resulting phyloge-
netic analysis corroborated the epidemiological data as they allowed to classify the strain
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with respect to those circulating in the patient’s native area. From a diagnostic point of
view, we strongly recommend the adoption of rapid cholera screening tests in Emergency
Departments’ laboratories and a close cooperation with advanced diagnostic laboratories
for a better characterization of V. cholerae isolates to support epidemiological investigations
and national and international surveillance activities.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/tropicalmed8050266/s1, Table S1. List of genomic virulence
factors found. The detailed list of the elements of VPI-I, VPI-II, VSP-I and VSP-II found; Figure S1.
Visualisation of the gene wbeT. The gene wbeT identified in the genome with an insertion of 1261 bp,
corresponding to the IS3-like element ISVch4 family transposase, wbeT primers (WF1-WR1) were
used. DR—direct repeat; IRL—left inverted repeat; IRR—right inverted repeat.
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