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a b s t r a c t

Clostridioides (Clostridium) difficile and Bacillus cereus infections are frequently reported in human indi-
vidually. However, co-infection of both pathogens in human is extremely rare. In the present study, we
reported a case of human enteric disease caused by co-infection of C. difficile and B. cereus in Guizhou,
China. The 16S rDNA sequencing result showed that C. difficile GMU1 and B. cereus GMU2 were most
related to C. difficile ATCC 9689 and B. cereus ATCC 14579. The toxin genotype of C. difficile GMU1 and
B. cereus GMU2 were tcdAþtcdBþtcdCþ and bceTþ nheAþnheBþnheCþ, respectively. Cytotoxicity assay
demonstrated that C. difficile GMU1 produced significantly higher toxin B compare to C. difficile 630 stain.
In contrast, B. cereus GMU2 has comparable NheA toxin productivity compare to previous report. The
antimicrobial susceptibility test showed that the combination of ampicillin and vancomycin was most
efficient to inhibit both C. difficile GMU1 and B. cereus GMU2.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Clostridium difficile (recently renamed Clostridioides difficile) is a
Gram-positive, anaerobic endospore-forming bacterium. It is the
most common cause of antibiotic-associated diarrhea [1]. B. cereus
is a Gram-positive, aerobic-to-facultative, spore-forming rod bac-
terium. It is the most commonly soil-dwelling opportunistic food
pathogen, which can also cause diarrhea [2]. Despite C. difficile and
B. cereus infections are frequently seen in human individually, to
our best knowledge, there are rare descriptions of co-infection of
these two pathogens in human. Here, we reported a case of human
co-infection of C. difficile and B. cereus in Guizhou, China.
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2. Case

A 71-year-old male presented to the emergency medical ser-
vices department with hemorrhagic shock. He had hematochezia
more than six times and ~1500 ml blood was lost. Upon visit, he
was diagnosed with acute bleeding from the lower digestive tract
and hemorrhagic shock and therefore admitted to intense care
unite (ICU) on April 12, 2017. He had cystostomy surgery 10 days
before the onset of hematochezia. On clinical examination, his anus
peripheral skin was dyed by blood, straight bowel wall showed
dropsy and vital sign was stable (77/47mm of Hg; pulse rate was
77/min). He was neither an alcoholic nor a smoker and with a
history of diabetes and hypertension (140/98mmHg).

Routine blood check was performed upon admitted to ICU. The
white blood count (WBC) and red blood cell (RBC) was
18.99� 109 cell/L (reference range, RR 3.5e9.5� 109 cell/L) and
2.47� 1012 cell/L (RR, 4.3e5.8� 1012 cell/L), respectively. WBC and
RBC indicated infection and anemia. A magnetic resonance scan
showed thickened rectum and sigmoid colonwall and exudation of
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liquid around rectum.
To treat anemia, 200 ml blood (AB and Rh positive) was trans-

fused to patient. After transfusion, the RBC and WBC read were
12.45� 109 cell/L and 2.46� 1012 cell/L, and the blood pressure was
94/56mm of Hg, pulse rate was 78/min. There was no febrile and
uncomfortable during or after transfusion. The transfusion did not
improve the condition of the patient, however the vital sign of him
was stable. On April 13 and 14, patient suffered from melena and
diarrhea. The estimated blood loss reached 1000 ml, thus trans-
fusion was performed several times. To determine the reason of
melena, emergency colonoscopy was carried out. The result of co-
lonoscopy indicated the bleeding point was located at the junction
of sigmoid and rectum, and about 2 cm away from the edge of anus.

As prior treatment did not improve the condition of the patient,
therefore, rectectomy (Mile's surgery) and colostomy surgeries
were performed on April 14, 2017. During surgery, multiple necrosis
and perforation of the lower rectumwere observed. Tinidazole was
used after the surgery to prevent postoperative infection (through
intravenous infusion, 0.8 g, q24h).

Two days following continuation of antimicrobial therapy. The
Fig. 1. Cells morphology of C. difficile GMU1 and B. cereus GMU2 strains. (A) Colony morphol
across a 1.5% (w/v) BHIS agar plate. After 24 hours incubation, colonies were examined
electronic microscope visualization of GMU1 and GMU2 (C, D and E, F). The GMU1 and GMU2
samples was diluted 50 times from D, F, respectively. Cell surface details were visualized by s
patient developed fevers and WBC of 15.78� 109 cell/L (84.80%
neutrophils). To determine potential infection source, around 10 ml
“coffee” colored liquid was seen in the colostomy bag. The co-
lostomy effluent sample was transferred to laboratory and streak
on BHI blood agar plate [3]. After 2 days of anaerobic incubation,
typical C. difficile (round, rough edges, yellowish in color and opa-
que border, denoted GMU1) and B. cereus (round, rough edges,
waxy white in color and slightly convex opaque center, denoted
GMU2) colonies were formed (Fig. 1A and B). Further 16S rDNA
sequencing and phylogenetic analysis showed that GMU1 and
GMU2 were most related to Clostridioides difficile and Bacillus ce-
reus, respectively (Fig. S2A and B). The morphology details of GMU1
and GMU2 strains were imaged using scanning electronic micro-
scopy (SEM). Both GMU1 and GMU2 cells piled up and formed a
biofilm matrix (Fig. 1D and F) at higher concentration. Whereas,
scattered rod-shaped cells were observed at low concentration (50
times diluted with ddH2O, Fig. 1C and E). The average length/
diameter of GMU1 and GMU2 were 3.8/0.65 mm and 2.6/0.75 mm,
respectively, (Fig.1C and E, n¼ 10). The growth profile of GMU1 and
GMU2 in BHIS medium were presented in Fig. S1.
ogy of GMU1; (B) Colony morphology of GMU2. For each strain a loop of cell was spread
visually for colony morphology and photographed by using Nikon D5200; Scanning
were grown in BHIS medium at 37 �C anaerobically for 6 hours (OD600¼ 0.6e0.8). C, E
canning electron microscopy (HITACHI S3400). A scale bar is shown at the bottom right.



Fig. 2. PCR detection of toxin genes in C. difficile GMU1 and B. cereus GMU2. (A) PCR analysis of toxin genes in C. difficile GMU1, using C. difficile 630 strain as control; From lane 1 to
6, tcdA, tcdB, cdtA, cdtB, 16S rDNA and tcdC, respectively. Lane M, DNA marker, from top to bottom 10k, 8k, 6k, 5k, 4k, 3k, 2k, 1.5k, 1k, 0.5k. (B) PCR analysis of toxin genes in B. cereus
GMU2; From lane 1 to 6, hblA, bceT, cytk, nheA, nheB and nheC, respectively. Lane M, DNA marker, from top to bottom 10k, 8k, 6k, 5k, 4k, 3k, 2k, 1.5k, 1k.
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Antibiotic susceptibility test was carried out according to pre-
vious report [4] and was presented in Table 1. Prior to the test, the
patient was treated with tinidazole, which overall performance
(such as pharmacokinetics, tolerability, stability to pH change) had
been enhanced compare to metronidazole of the same family [5].
The susceptibility testing result showed that ampicillin or vanco-
mycin can inhibit GMU1 and GMU2 effectively. However, GMU2
was highly resistant to tinidazole (Table 1). Thus, ampicillin and
vancomycin were used instead of tinidazole (through intravenous
infusion, 3 g q6h and 0.5 g q12h, respectively), which was stopped
after an additional 14 days. The patient remains well during
treatment and without evidence of further recurrence.

Toxin genes profiling was conducted by modified PCR method
mentioned previously (Primers used were listed in Table S1) [6,7].
The C. difficile GMU1 was tcdAþ, tcdBþ, cdtAB�, tcdCþ (Fig. 2A),
which is similar with C. difficile 630 strain [8]. In B. cereus GMU2
isolate, the bceT, nheA, nheB and nheC geneswere positive, hblA, cytk
Table 1
Antimicrobial susceptibility of GMU1 and GMU2.

Antibiotic C. difficile 630 (MICa, mg/ml)

Ampicillin 2
Chloramphenicol 32
Ciprofloxacin 12.8
Erythromycin >128
Kanamycin >128
Metronidazole 1
Spectinomycin >128
Streptomycin >128
Tetracycline 32
Tinidazole 0.5
Vancomycin 3.2

a Minimum inhibitory concentration (MIC), mg/ml.
genes were negative (Fig. 2B). Vero cell cytotoxicity assay was
carried out as described elsewhere [9]. The toxin B production of
GMU1 strain was significantly higher than C. difficile 630 strain
(p< 0.05, Fig. 3). The production of NheA toxin of GMU2 strain was
comparable to previous reports, with an OD414 of 0.85 (Fig. 3) [10].
3. Discussion

Here we reported the co-infected of C. difficile GMU1 and
B. cereus GMU2 in one patient in Guizhou province, China. Both
strains are toxin producing, cytotoxicity assay showed that
C. difficile GMU1 produce significantly higher toxin B compare with
C. difficile 630 stain. The antimicrobial susceptibility test demon-
strated that the combination of ampicillin and vancomycin was
most sufficient to inhibit both of them. Our study suggested that
the awareness of co-infection of multiple pathogens should be
increased, and routine laboratory CDI should be implemented.
C. difficile GMU1 (MIC, mg/ml) B. cereus GMU2 (MIC, mg/ml)

1 0.5
32 >128
1.6 12.8
>128 >128
>128 >128
0.5 >128
>128 >128
>128 >128
0.5 128
0.5 >128
0.2 0.8



Fig. 3. Analysis of toxin production by C. difficile GMU1 and 630. Serial doubling di-
lutions of culture supernatants were made in DMEM medium and applied to Vero cell
cytotoxicity assays (CD630 and GMU1). Rounding of the Vero cell were observed by
microscopy after 24 hours. The toxin titer is the reciprocal of the endpoint dilution.
Production of non-hemolytic toxin (NheA). Cells were incubated in BHI medium at
37 �C to OD 600 ¼ 1 anaerobically (GMU2). The significance levels of different groups
for comparison are indicated as follows: *, p< 0.05.
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Although CDI has been frequently reported globally [11e14].
Relatively few reports focus on the co-infection of C. difficile with
other pathogen at nosocomial environment. Lin Wang reported the
detection of C. difficile with Giardia duodenalis, Enterocytozoon
bieneusi [16]. H. de Graaf et al. summarized co-infection of C. difficile
with other gastrointestinal pathogens in children with diarrhea.
They find that the pooled percentage of reported co-infection is
20.7%. Viral, bacteria or parasites account for 46%, 14.9% and 20.7%
of reported cases, respectively. The most commonly recorded co-
infected bacteria are E. coli, salmonella spp. and campylobacter
spp. These results suggested that co-infections maybe common
[17]. Even though co-infection of C. difficilewith other bacteria was
already reported at various nosocomial environments, to the best of
our knowledge, the co-infection of C. difficile and B. cereus was not
reported earlier in China. Our research suggested that co-infection
with multiple pathogenic microorganisms posed a potential threat
to human health.

Clostrdium difficile is the leading cause of nosocomial diarrhea
and has drawn a lot of attention worldwide, especially in North
America and Europe. In recent years, more and more research
teams pay particular attention to CDI in China [15,17e21]. Espe-
cially in economically developed area such as: Zhejiang [22],
Shanghai [23,24], Guangzhou [25], and Changsha [26]. However,
in southwestern regions, where the economy is relatively under
development, the awareness of clinicians to CDI is still insuffi-
cient. Taking Guiyang as an example, C. difficile detection has not
been practiced in all hospitals. The diagnose of CDI patient was not
accurate and/or timely, which lead to ineffective infection control
and interventions. Thus, routine test of CDI is strongly
recommended.

Antimicrobial susceptibility test offers potential benefits to
customize antimicrobial regimen for patients. Both C. difficileGMU1
and B. cereuswere highly susceptible to ampicillin and vancomycin.
We first treated the patient with tinidazole, which probably failed
to inhibit the growth of B. cereus GMU2. The propagate of B. cereus
could be the cause of fever and highWBC. After we determined the
antimicrobial profile of both pathogen, we switch his antibiotics to
ampicillin and vancomycin, which alleviated symptoms of infection
effectively. This case reminds us, giving drug resistance of anaerobic
pathogens is increasing, it is important to have susceptibility in-
formation available in time to customize countermeasure treat-
ment strategy.

Co-infection of C. difficile and B. cereus could be related to use of
antibiotics, indigestion of contaminated food and nosocomial in-
fections. However, in this case, the contamination sources of
C. difficile and B. cereus were not clear. Whether it is carried by the
patient or in the ICU wards, is still largely unknown. Giving that
C. difficile is not an invasive pathogen, the co-infection case likely to
be a secondary infection. It can be hypothesized that C. difficilemay
attach to hospital equipment in the form of spores, and/or in
vegetative cells. Therefore, further study needs to be carried out to
investigate the dissemination of C. difficile in the nosocomial
environment, especially in the area of patients at high risk and the
source of CDI infection. And ICU wards should provide new CDI
infection prevention measures to prevent potential in-hospital
outbreak.

In summary, we reported a rare case of co-infection of C. difficile
and B. cereus in one patient in China. The physiological character-
istics, toxin genotype, and toxin production of the two strains were
studied. Our study indicated that the awareness of clinician toward
co-infection of multiple pathogenic microbes should be raised, and
routinely laboratory test for CDI should be established in major
hospitals in Guizhou, China.
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