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a b s t r a c t 

Background: Non-O1, non-O139 Vibrio cholerae (NOVC) bacteraemia is an uncommon infection and could be 

associated with life-threatening conditions in susceptible hosts. Definitive management guidelines are lacking. 

Aim: To describe the clinical spectrum, treatment practices and outcome of NOVC bacteraemia. 

Methods: Eight patients with NOVC bacteraemia admitted to two large tertiary care hospitals in Oman were 

identified over a 10-year period (2010–2020). Data were extracted retrospectively from the hospital patient data 

management. 

Results: Six (75.0%) patients were male, and the median age of patients was 67.5 years. The majority of cases 

(87.5%) were not associated with travel and no clear sources were identified. All patients had predisposing 

factors including diabetes mellitus, chronic liver disease or malignancies. Gastrointestinal symptoms were the 

predominant manifestations in 75.0% of cases, but diarrhoea was only reported in one patient. 

Conclusions: Early presentation (median interval from symptom onset to presentation 1.5 days), appropriate 

management and highly susceptible isolates may have contributed to the favourable outcome, as there were 

no cases of death or severe course of infection. All patients were discharged home after a median of 9 days of 

hospitalization. 
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ntroduction 

Cholera is caused by the Gram-negative bacterium Vibrio cholerae,

ommonly found in aquatic environments. The main symptom is acute

atery diarrhoea. Serogroups O1 and O139 produce the toxin responsi-

le for severe gastroenteritis, and are associated with epidemic cholera

 Harris et al., 2012 ). V. cholerae belonging to other serogroups are

ollectively designated as ‘non-O1, non-O139 Vibrio cholerae’ (NOVC),

hich often cause sporadic self-limiting gastroenteritis ( Deshayes et al.,

015 ). NOVC bacteraemia is an uncommon infection; however, more

xtra-intestinal infections associated with these serogroups have been

eported in recent years. Invasive, life-threatening NOVC bacteraemia

s mainly seen in high-risk hosts such as immuno-suppressed patients

nd those with underlying liver disease ( Chen et al., 2015 ). Oman is

ree of endemic cholera, and the majority of cases are imported. Non-

1/O139 strains were occasionally isolated from environmental sam-

les upon epidemiological investigations of indigenous V. cholera O1

ases reported between 2000 and 2003 ( Ministry of Health Sultanate

f Oman, 2017 ). The authors have observed an increase in the number

f NOVC bacteraemias in their setting recently. As such, and in view
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f the lack of definitive management guidelines, all NOVC bacteraemia

ases from two main tertiary care hospitals over the past 10 years were

eviewed in order to examine infection risk factors, clinical spectrum,

reatment practices and outcome. It is hoped that this may add to local

nd global knowledge. 

ethods 

atients and study period 

This was a retrospective, multi-centre, observational study. The med-

cal records of all patients who had a positive blood culture with NOVC

etween January 2010 and December 2020 at the Royal Hospital (RH)

r Sultan Qaboos University Hospital (SQUH), the two main tertiary

are hospitals in Muscat, Oman, were reviewed. Demographic data,

ravel history, presence of co-morbidities, clinical presentations, inves-

igations, management and outcomes were obtained from the Al-Shifa

nd TrackCare hospital information systems at RH and SQUH, respec-

ively. 
ical Specialty Board, Al Azaiba, 130 Muscat, Oman. 
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icrobiological investigations 

Blood cultures were collected using BACTEC aerobic and anaerobic

lood culture bottles, and incubated in the BACTEC machine for 5 days.

ny positive blood culture bottles were subjected to Gram staining and

ubcultured on to various solid culture media in accordance with stan-

ard laboratory procedures. 

Organisms were identified using Phoenix (Becton Dickinson,

ranklin Lakes, NJ, USA), API 20E (bioMérieux, Marcy l’Etoile, France)

nd matrix-assisted laser desorption ionization-time of flight mass spec-

rometry (MALDI-TOF, Bruker, Billerica, MA, USA). MALDI-TOF was in-

roduced at SQUH and RH in 2017 and 2020, respectively. All isolates

ere sent to the national reference laboratory (Central Public Health

aboratory) for further confirmation and serotyping. Serotyping was

erformed using slide agglutination (Remel Agglutinating Sera, Vibrio

holerae ). 

Antimicrobial susceptibility testing was performed using the disc dif-

usion method, and interpreted based on the guidelines of the Clinical

nd Laboratory Standards Institute ( Clinical and Laboratory Standards

nstitute, 2016 ). 

esults 

Nine patients were admitted to SQUH and RH between January 2010

nd December 2020 with NOVC bacteraemia ( Table 1 ). One patient was

xcluded as confirmation of the serotyping result was not documented.

s such, eight patients were included in this study. The median age of

atients was 67.5 years (range 64–80 years), and six were male. None of

he patients had a recent history of overseas travel prior to admission,

xcept for one patient who had been to India. Seven patients had no

ignificant exposure to water or seafood. One patient had a history of

raditional wet cupping, known as ‘Hijama’ locally, to relieve lower limb

ain. Four patients had diabetes, and three patients (37.5%) had chronic

iver disease. Three patients (37.5%) had solid organ malignancy (pan-

reatic, renal and thyroid cancer), but none of them were on chemother-

py at the time of presentation. All cases were community acquired and

ccurred between the months of August and December, except for one

ase that occurred in April. 

linical presentations 

Abdominal pain and fever were the most common presenting symp-

oms in six (75.0%) patients, with a median interval of 1.5 days (range

–21 days) between symptom onset and presentation. One patient ex-

erienced diarrhoea and one presented with left foot cellulitis 4 days

fter cupping therapy. Of the eight cases, two (25.0%) had hypoten-

ion (blood pressure < 90/60 mmHg) on initial presentation, which re-

ponded to intravenous fluids. Acute ascending cholangitis was identi-

ed as the source of bacteraemia in four (50.0%) patients; one of these

ases was complicated by multiple pyogenic liver abscesses. 

aboratory investigations 

Leukocytosis was found in three cases, and the median C-reactive

rotein (CRP) was 183 (range 14–371) mg/L at presentation. Two pa-

ients had a deranged coagulation profile, and two patients had acute

idney injury. Antimicrobial susceptibility testing was performed for

he eight isolates. They were generally susceptible to all tested antibi-

tics, including ampicillin (8/8), amoxicillin-clavulanic acid (3/3), ce-

uroxime (3/3), ceftriaxone (2/2), ceftazidime (2/2), cefotaxime (4/4),

iperacillin-tazobactam (3/3), meropenem (4/4), ciprofloxacin (5/5),

rimethoprim-sulfamethoxazole (8/8), ciprofloxacin (5/5), tetracycline

5/5) gentamicin (3/3) and amikacin (3/3). 
77 
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reatment 

Piperacillin-tazobactam was used empirically for six (75.0%)

atients, which was upgraded to meropenem in three patients

ue to worsening inflammatory markers or continuous fever. One

12.5%) patient with cellulitis received meropenem, vancomycin

nd clindamycin as empirical therapy. Ciprofloxacin was used

s targeted therapy for four patients. Other patients were de-

scalated to trimethoprim-sulfamethoxazole, doxycycline, azithromycin

r amoxicillin-clavulanate. The median duration of antibiotic therapy

as 14.5 days (range 7–24 days). 

rogression and outcome 

All patients had a favourable outcome, improved clinically and were

ischarged home after a median of 9 days of hospitalization (range 5–12

ays). None of the patients required intensive care or inotropic support.

ne (12.5%) patient had an incidental finding of cholangiocarcinoma

ith liver metastasis that required follow-up and referral to oncology. 

iscussion 

The number of NOVC bacteraemias has increased in recent years

ue to ongoing climate change, human behaviours, aging and a grow-

ng number of susceptible hosts in the world population ( Vezzulli et al.,

020 ). All patients were aged > 60 years and had at least one risk fac-

or, including diabetes mellitus, pre-existing liver disease or malignancy.

his is consistent with previous studies showing that people with dia-

etes mellitus, pre-existing liver disease and malignancies are at high

isk of invasive vibrio infections ( Chen et al., 2015 ; Li et al., 2020 ). Al-

hough NOVC are associated with exposure to the aquatic environment

r consumption of seafood, the source of bacteraemia remained unclear

n seven of eight (87.5%) patients in this study, similar to previous re-

ults ( Deshayes et al., 2015 ; Engel et al., 2016 ; Shanley et al., 2019 ).

his may suggest that other routes of infection, such as asymptomatic

uman carriage, may act as an endogenous or exogenous source of infec-

ion. This is supported by a local epidemiological investigation in which

OVC were isolated from asymptomatic carriers upon investigation of

. cholera O1 cases ( Patel et al., 2006 ). In the present cohort, cupping

herapy was reported in one case, which could be the source of NOVC

acteraemia secondary to cellulitis. Tissue or wound samples for cul-

ure were not obtained as surgical intervention was not required and

linical improvement was achieved by medical therapy alone. Soft tis-

ue infections associated with cupping therapy have been reported due

o Pseudomonas spp. and Mycobacterium massiliense ( Lee et al., 2014 ;

lajmi et al., 2021 ). 

Abdominal pain and fever were the predominant presenting symp-

oms in the study cases. Diarrhoea only manifested in one case. Stool cul-

ure was submitted, but it was not tested for the presence of V. cholerae

s this was not requested specifically. 

There were no deaths among the study patients despite the presence

f comorbidities. All patients had good outcomes, did not require admis-

ion to an intensive care unit, and were hospitalized for < 2 weeks. This

iffers from previous studies which showed significant mortality (8–

7%) in Taiwan, China and Australia ( Trubiano et al., 2014 ; Chen et al.,

015 ; Li et al., 2020 ). Early presentation (median interval from symp-

om onset to presentation 1.5 days), appropriate antimicrobial therapy,

ighly susceptible isolates and (possibly) low-virulence strains may have

ontributed to the favourable outcome in the cases in the present study.

The study isolates were generally susceptible to all primary tested an-

ibiotics, in contrast to some studies which demonstrated the emergence

f multi-drug resistance ( Dua et al., 2018 ; Morita et al., 2020 ). There is

ignificant heterogeneity in antimicrobial therapy used for NOVC bac-

eraemia, and there are no established guidelines for the management of

uch infections. In the present case series, piperacillin-tazobactam was

tarted empirically in six patients, but then upgraded to meropenem or
78 
witched to ciprofloxacin in four of these patients due to slow clinical

esponse or worsening inflammatory parameters despite in-vitro suscep-

ibility. There was no clear reason for such failure of clinical response.

ntimicrobial therapy should be guided by antimicrobial susceptibility

esults. Ciprofloxacin showed a good clinical response, but this should

e assessed in a larger study. 

In conclusion, NOVC are widely present in the environment. Al-

hough the source of infection was not identified in most of the study

ases, patients with predisposing risk factors, such as diabetes melli-

us, liver cirrhosis and immunosuppression, should be warned about the

isks of unusual infections that may arise from exposure to aquatic en-

ironments. Early presentation, prompt diagnosis and appropriate an-

imicrobial therapy can improve patient outcomes and prevent a severe

ourse of infection. Ciprofloxacin appears to be an appropriate targeted

herapeutic option for NOVC bacteraemia, but this should be evaluated

n a larger study. 
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