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Abstract

In recent decades, increasing numbers of human infections have been linked to non-O1/non-O139

Vibrio cholerae. Septicemia resulting from non-O1/non-O139 V. cholerae infection is rare but has high

mortality. The pathogenesis of non-O1/non-O139 V. cholerae septicemia is poorly understood. Here,

we report two sporadic cases of septicemia following non-O1/non-O139 V. cholerae infection from an

inland area of China. Patient 1 died rapidly within 24 hours, while patient 2 gradually recovered from

septic shock. To explore the reasons for these divergent outcomes, we compared the two cases, tested

the antibiotic sensitivity of the two isolates, and investigated their virulence genes and sequence types.
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Introduction

Vibrio cholerae is a Gram-negative bacillus

present in aquatic environments. Based on

differences in the O antigen on the bacterial

cell surface, V. cholerae can be divided into

more than 200 serogroups.1 The O1 and

O139 serogroups are associated with epi-

demic and pandemic cholera,2 while
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non-O1/non-O139 V. cholerae strains can
cause sporadic local cholera-like diarrhea
and extraintestinal infection. The clinical sig-
nificance of non-O1/non-O139 serogroups
has long been neglected. However, in
recent decades, more human infections asso-
ciated with these species have been reported.
Gastroenteritis is the most common disease
caused by non-O1/non-O139 V. cholerae,
and the pathogen is isolated from approxi-
mately 1.2% of patients with diarrhea in
China.3 In addition, there have been reports
of extraintestinal infection in recent years,
including bacteremia, skin and soft tissue
infections, pneumonia, urinary tract infec-
tion, meningitis, endophthalmitis and empy-
ema.4–6 Bacteremia resulting from non O1/
non-O139 V. cholerae infection is a very seri-
ous complication with a mortality rate of
more than 25%.7 Non-O1/non-O139 V.
cholerae strains are highly heterogeneous
with considerable serological diversity and
variation in virulence. Our understanding
of clinical and therapeutic aspects remains
incomplete.8 In the absence of clinical
trials, a summary of case reports can provide
therapeutic history and experience. In this
study, we report two sporadic cases of sep-
ticemia caused by non-O1/non-O139 V.
cholerae in Guizhou Province, an inland
area of China. Both cases developed septic
shock. While case 1 died rapidly within 24
hours of symptom onset, case 2 was dis-
charged in good clinical condition after 12
days of treatment. We also investigated the
virulence genes and the genetic relatedness of
the isolates. Because of the rarity of such
cases and their potential lethality, our
report serves as a reminder for clinicians to
be aware of this pathogen.

Case report

Case 1

A 36-year-old male suffered from sudden
left abdominal pain, vomiting and

intermittent diarrhea after consuming jelly
in a local farm town for lunch. His stools
were yellow and watery with no mucus and
blood. Four hours later, he was admitted to
a local county hospital. On admission, he
was febrile with a temperature of 39.5�C,
blood pressure of 118/62 mmHg, pulse of
108 beats/minute and respiratory rate of
44 breaths/minute. Physical examination
revealed abdominal tenderness mainly
localized to the mid-upper quadrant.
Emergency examination by abdominal
computed tomography (CT) revealed chole-
cystitis and ascites. Based on the patient’s
vital signs and the results of auxiliary exam-
ination, acute cholecystitis was suspected.
Antibiotics and gastrointestinal decompres-
sion treatment were administered.

The patient was transferred to our hos-
pital (Affiliated Hospital of Zunyi Medical
University) 5 hours later because his condi-
tion had gradually worsened. He had a his-
tory of high blood pressure and alcohol
consumption. On examination, he was
febrile with a temperature of 38.7�C, pulse
of 158 beats/minute, respiratory rate of
44 breaths/minute, blood pressure of
158/109mmHg while receiving vasopres-
sors, and oxygen saturation of 95% while
receiving oxygen at 4 L/minute. A physical
examination revealed obvious abdominal
distension and abdominal bullae. His
abdominal pain presented as diffuse tender-
ness with rebound tenderness and muscle
guarding. His extremities were cold. Liver
function tests revealed total bilirubin levels
of 30.06mmol/L, alkaline phosphatase levels
of 94U/L, aspartate transaminase levels of
184U/L, alanine transaminase levels of
37U/L and albumin levels of 16.5 g/L.
Renal function tests showed creatinine
levels of 242mmol/L and uric acid levels of
503mmol/L. His coagulation profiles includ-
ed a prothrombin time of 22 s and a partial
thromboplastin time of 54 s. Serological tests
revealed no evidence of infection with
hepatitis A virus, hepatitis B virus or
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hepatitis C virus. A complete blood count
revealed 4.05� 109 white blood cells/L,
3.34� 1012 red blood cells/L, and 21� 109

platelets/L. Chest CT showed small exuda-
tive lesions in the lower lobes of both lungs,
minor bilateral pleural effusion, and a minor
pneumatosis in the right neck tissue.
Abdominal CT revealed cholecystitis and
ascites. Diagnostic paracentesis showed
yellow, cloudy ascites containing 8200 leuco-
cytes/mm3 (90% neutrophils and 10% lym-
phocytes). The Rivalta test was positive.

The patient was admitted to the intensive
care unit immediately and diagnosed with
septic shock. Vasoactive drugs were admin-
istered to maintain blood pressure.
Gastrointestinal decompression, fluid
replenishment with electrolyte supplemen-
tation, anti-inflammatory drugs and other
therapies were used to protect vital organ
functions and counteract shock. In addi-
tion, an empiric combination of merope-
nem and levofloxacin was administered
intravenously. Unfortunately, his condition
deteriorated rapidly within the next few
hours. Abdominal inspection showed that
abdominal tension was extremely high.
Abdominal distension was obvious, abdom-
inal bullae were present, the local umbilical
skin was red and hard, blister formation
was apparent, and intestinal sounds disap-
peared. The patient’s blood pressure was
maintained at 90/50 mmHg using high
doses of vasoactive drugs. Analysis of arte-
rial blood showed metabolic acidosis and
lactic acidosis (pH 7.30, pCO2 19.4
mmHg, pO2 81 mmHg, lactate> 8 mmol/
L, and O2 saturation 94% with supplemen-
tal oxygen). He eventually died from multi-
ple organ failure less than 24 hours from
symptom onset. His blood culture showed
bacterial growth after 12 hours of incuba-
tion. The bacterium was identified as V.
cholerae by matrix-assisted laser desorption
ionization time-of-flight (MALDI-TOF)
using a VITEK MS instrument
(bioM�erieux, Craponne, France). The

isolate was classified as non-O1/non-O139
because of the absence of agglutination in
the presence of either O1 or O139 antisera.

Case 2

A 31-year-old male had been experiencing
abdominal distension for 8 days and was
admitted to our hospital on May 15, 2017.
He had a 6-year history of hepatitis B virus
infection but was not treated. On admis-
sion, examinations revealed stable vital
signs. Serological tests were positive for
hepatitis B virus , but negative for hepatitis
A virus, hepatitis C virus and human immu-
nodeficiency virus. Liver function tests
showed total bilirubin levels of 64.9 mmol/
L, aspartate transaminase levels of 304U/L,
alanine transaminase levels of 119 U/L
and prealbumin levels of 18mg/L. An
abdominal ultrasound revealed splenomeg-
aly. He was diagnosed with hepatitis B
cirrhosis. He was treated with entecavir
(0.5mg once a day, orally) and magnesium
isoglycyrrhizinate (100mg once a day,
intravenously).

On the fourth day, the patient suddenly
developed chills and fever with nausea and
vomiting. His body temperature was
38.5�C, then rose to 40.5�C. A systemic
infection was suspected. Blood was collect-
ed immediately for culture and empiric
treatment with cefotaxime was initiated.
Four hours later, the patient still had a
fever, a pulse of 106 beats/minute, a respi-
ratory rate of 22 breaths/minute, blood
pressure of 80/40 mmHg and oxygen satu-
ration of 96%. His septic shock was treated
with a booster and fluid replacement and
antibiotic therapy was changed to imipen-
em. Blood cultures revealed microbial
growth after 12 hours of incubation.
Gram staining demonstrated the presence
of Gram-negative rods. Further identifica-
tion was performed using the VITEK2
system according to the manufacturer’s
instructions. The organism was identified
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as V. cholerae and was classified as non-O1/

non-O139 because of the absence of agglu-

tination in the presence of either O1 or

O139 antisera.
After 3 days of imipenem treatment, the

patient gradually recovered from septic

shock. Based on de-escalation therapy,

antibiotic treatment was switched to

piperacillin-tazobactam based on the results

of susceptibility testing. The patient was

discharged in an asymptomatic state 9

days later.

Isolate analysis

The isolates from both cases were identified

as V. cholerae by MALDI-TOF. We tested

their susceptibility using standard disk dif-

fusion on Muller Hinton agar plates

according to Clinical and Laboratory

Standards Institute (CLSI) document

M45-A2. Both strains were sensitive

to piperacillin, cefotaxime, imipenem,

meropenem, amikacin, tetracycline, dipro-

floxacin, and chloramphenicol. Only isolate

1 was resistant to trimethoprim-

sulfamethoxazole. PCR assays were used

to detect the presence of virulence genes

according to previous reports.9 Both iso-

lates carried the hap, hlyA, lolB, ompW,

prtV, rtxC and toxR genes, and neither iso-

late carried the ctxA, tcpI, ompU, stnF, and

zot genes. We amplified seven genes to con-

duct multilocus sequence typing (MLST)

and assess the relatedness and genetic het-

erogeneity of the isolates.10 Isolate 1 was a

new sequence type (ST985), while isolate 2

was classified as ST558 (http://pubmlst.org/

vcholerae/). goeBURST analysis was used

to assess the relationships between the two

STs and other STs in the database. ST985

formed clonal complex 6 (CC6) with four

other sequence types (ST8, ST88, ST384

and ST777). Furthermore, a large clonal

complex (CC0) comprised ST558 and 27

other STs (Figure 1).

Discussion

Here we reported two cases of non-O1/non-
O139 V. cholerae septicemia. Patient 1 had
consumed raw food which may have been
contaminated by non-O1/non-O139 V.
cholerae. However, we were unable to deter-
mine the exact source because of a lack of
microbiological confirmation. Patient 2’s
source of infection was unclear. Previous
reports of non-O1/non-O139 V. cholerae
infection have primarily originated from
coastal areas.11 To our knowledge, this is
the first report of this type from Guizhou
Province, China. These two cases serve as a
reminder to clinicians in inland areas to be
aware of this pathogen. Patient 1 had a his-
tory of alcohol consumption but no history
of severe liver disease. Patient 2 was diag-
nosed with cirrhosis, which is the main risk
factor for non-O1/non-O139 V. cholerae
bacteremia. Antibiotics are critically impor-
tant for the treatment of non-O1/non-O139
V. cholerae bacteremia. Sensitivity testing
showed that both isolates were susceptible
to most antibiotics. We administered timely
anti-infection and anti-shock therapies to
both patients. However, the outcomes of
infection were vastly different in the two
patients. We assessed potential causes of
these different outcomes arising from viru-
lence factors associated with the isolates.

The clinical manifestations of infections
caused by non-O1/non-O139 V. cholerae
are diverse. Most patients have mild symp-
toms, and only a small number of patients
become seriously ill.12 Patient 1 presented
with watery diarrhea and bullae of the
abdominal skin; the latter is significantly
associated with in-hospital mortality.13

The formation of bullae is more commonly
associated with Vibrio vulnificus infection.
However, a few reports have shown that
bullae formation occurs in V. cholerae
infections. Endotoxin production following
Vibrio infection leads to cell lysis and vas-
cular permeability changes, eventually
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causing skin necrosis and formation of
bullae.12 Although non-O1/non-O139 V.

cholerae usually does not produce cholera

toxin or express the toxin coregulated pilus,

reports have suggested that this bacterium
may carry other types of virulence genes

that play important roles in their pathoge-

nicity. We used PCR to assess the presence

of virulence genes in these two isolates.
There were no differences in the common

virulence genes carried by the two isolates.

Differences in other unknown virulence
genes may have been present; this possibility

remains to be further investigated.
To investigate the genetic variation and

relatedness of the two isolates, we per-
formed MLST analysis. We found that iso-

late 1 represented a novel sequence type

(ST985). We used goeBURST analysis to

investigate the relationships between these
two isolates and other isolates present in

the non-O1/non-O139 V. cholerae MLST

database. Isolates 1 (ST985), ST8, ST88,
ST384 and ST777 constituted a clonal com-

plex (CC6). ST88 was isolated in India and

China,14 suggesting that this clonal complex

has a wide geographical distribution.
Isolate 2 (ST558) and the other 27 sequence

types constituted a large clonal complex

(CC0). ST558 was the predicted founder

of this clonal complex. According to the

MLST database, most of the strains

within this clonal complex were isolated in

China. Thus, it is necessary to monitor the

prevalence of members of this clonal com-

plex in China.

CARE guidelines

This manuscript was prepared following the

CARE guidelines.
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Figure 1. goeBURST analysis of CC6 (left) and CC0 (right) at the level of single-locus variants (SLVs). ST8
and ST558 were predicted to be the founders of CC6 and CC0, respectively. The inferred founders of CCs
are outlined in light green and subgroup founders in dark green. Blue lines were inferred using tiebreak rule
(numbers of SLVs), and black lines represent links where no tie occurred.
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