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Abstract: During the past decade, the incidence and severity of Clostridium difficile infection (CDI) has increased dra-
matically throughout the world. However, information about C.difficile infection among general healthcare providers 
is few in developing country, including China. A retrospective case-control study was conducted among hospitalized 
patients in a Chinese tertiary care hospital between December 2013 and July 2015. A total of 81 patients who met 
the inclusion criteria and 162 age/gender/ward/admission period-matched control patients were included in this 
study. Multivariate analysis indicated that gastrointestinal disease (OR, 5.504; 95% CI, 2.152-11.868; P<0.001), 
history of prior hospitalization (OR, 2.826; 95% CI, 1.134-6.077; P=0.008), presence of intensive care unit (ICU) stay 
(OR, 3.142; 95% CI, 1.074-9.193; P=0.037), history of surgery (OR, 2.517; 95% CI, 1.073-5.904; P=0.034), history 
of long-term care facility stay (OR, 15.234; 95% CI, 5.346-43.407; P<0.001), antibiotic use (OR, 4.345; 95% CI, 
1.720-10.975; P=0.002), and chemotherapy (OR, 3.073; 95% CI, 1.174-8.046; P=0.022) were independently asso-
ciations with C.difficile infection. This present study had revealed several clinical risk factors for C.difficile infection 
in Chinese population. These findings will add to understanding of this disease, underscore the importance of early 
detection and appropriate clinical care to reduce the fatality and lighten the medical economy burden.
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Introduction

Clostridium difficile (C.difficile) is a gram-posi-
tive, spore-forming, anaerobic pathogen, which 
is resistant to heat, acid and antibiotics. The 
spores can widespread in healthcare facilities 
and transmit among humans through fecal-oral 
route. Since the first report of this bacillus in 
1978, C.difficile has became one of the most 
common pathogenic causes of hospital-
acquired diarrhea [1]. The clinical manifesta-
tions of clostridium difficile-associated diseas-
es (CDAD) vary from mild diarrhea to severe 
complications such as toxic megacolom, pseu-
domembranous colitis, and death [2]. C.difficle 
secretes two main protein extotoxins (TcdA and 
TcdB) which cause colitis and diarrhea in sus-
ceptible patients. With the emergence of epi-
demic C.difficile BI/NAP1/027 clone at the 
beginning of 20th century, the epidemiology of 
C.difficile infection has a great change through-
out the world, especially in Europe and North 
American [3]. In recent years, its prevalence is 

increasing in an alarming rate both in Western 
countries and developing countries [4, 5].

Due to the high rate of recurrence, morbidity 
and mortality among the C.difficile infection 
patients in the past decade, studies have exert-
ed efforts to find the risk factors for C.difficile 
infection. Antibiotic use, advanced age, and 
exposure to healthcare facilities are regarded 
as the main risk factors for C.difficle infection 
[6]. However, information about C.difficile infec-
tion among general healthcare providers is few 
in developing country, including China. 
Therefore, in this article, we aimed to identify 
the clinical risk factors for C.difficile infection in 
Chinese population.

Materials and methods

Study design

The First Affiliated Hospital, School of Medicine, 
Zhejiang University is a 2500-bed tertiary care 
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teaching hospital. The discharge summaries of 
all adult hospitalized patients (>18 years of 
age) at The First Affiliated Hospital, School of 

Medicine, Zhejiang University between De- 
cember 2013 and July 2015 involved in this 
study were retrospectively review. A case 

Table 1. Univariate analysis of risk factors for C.difficile infection patients and controls 

Characteristic CDI patients (N=81) Controls (N=162) t/x2 value P-value
Age 54.4±19.9 57.1±16.1 NS 
Gender, M/F 59/22 118/44 NS
Area patient lives in
    Urban 39 (48.1) 82 (50.6) NS
    Rural 42 (51.8) 80 (49.4)
Clinical features 
    Fever 26 (32.1) 28 (17.3) 6.857 0.009*

    Leukocyte count 7.9 (5.6-11.0) 6.6 (5.0-9.0) 7.544 0.006*

    Leukocyte count ≥ (15*103/L) 13 (16.0) 9 (5.5) 7.222 0.007*

    Serum albumin 29.7 (25.0-34.8) 39.4 (34.0-43.0) 12.460 <0.001*

    Albumin <2.5 mg/dL 19 (23.5) 9 (5.6) 16.974 <0.001*

    Serum creatinine >2.0 mg/dl 15 (18.5) 17 (10.4) NS
    ALT ≥40 UI 19 (23.5) 29 (17.9) NS
    C-reactive protein 33 (13.7-82.5) 5.4 (1.7-23.5) 6.772 <0.001*

Comorbidities
    Cardiovascular diseases 33 (40.7) 84 (51.9) NS
    Liver disease 17 (21.0) 29 (17.9) NS
    Respiratory disease 39 (48.1) 38 (23.5) 15.209 <0.001*

    Chronic renal disease 12 (14.8) 25 (15.4) NS
    Hematologic or immunologic disorder 6 (7.4) 12 (7.4) NS
    Malignancy 37 (45.7) 34 (21.0) 15.919 <0.001*

    Gastrointestinal disease 32 (39.5) 36 (22.2) 8.005 0.005*

    Diabetes mellitus (metabolic disorder) 12 (14.8) 36 (22.2) NS
No. of comorbidities
    <2 20 (24.7) 85 (52.5) 16.980 <0.001*

    2-3 46 (56.8) 70 (43.2) 3.992 0.046*

    ≥4 15 (18.5) 7 (4.3) 13.22 <0.001*

Prior hospitalization 56 (69.1) 55 (34.0) 26.942 <0.001*

ICU admission 21 (25.9) 11 (6.8) 17.293 <0.001*

Surgical intervention in previous six months 27 (33.3) 17 (10.5) 18.997 <0.001*

Duration of hospital stay (days) 30 (20.0-36.5) 11 (8.0-15.25) 9.618 <0.001*

Long-term care facility stay 37 (43.2) 6 (3.7) 65.327 <0.001*

Mortality 13 (16.0) 12 (7.4) 4.370 0.037*

Medications
    Gastric acid suppressant 54 (66.7) 60 (37.0) 19.035 <0.001*

    Antibiotic 72 (88.9) 78 (48.1) 37.939 <0.001*

    Cephalosporin 36 (44.4) 42 (25.9) 8.497 0.004*

    Quinolone 16 (27.2) 17 (23.4) 3.945 0.047*

    Carbapenem 15 (18.5) 12 (7.4) 6.750 0.016*

    β-lactam/β-lactamase inhibitor compound 15 (18.5) 14 (8.6) 5.012 0.025*

    Chemotherapy 24 (28.6) 18 (11.1) 12.953 <0.001*

Number data are given as medians (interquartile range), and categorical data are described as frequencies (percentage). ICU, 
intensive care unit; ALT, alanine transferase; NS, no statistical significance; *P<0.05.
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patient was defined as the presence of diar-
rhea and a stool test was positive for the toxi-
genic C.difficile from an adult hospital patient 
during this period. Diarrhea was defined as the 
passage of three or more unformed stools with-
in 24 hours. The control group was composed 
of 162 patients who were randomly selected 
from a pool of all of the age/gender/ward/
admission period-matched patients and had no 
known history of C.difficile infection. The date 
were gathered by a retrospectively chart review, 
which included patient demographics (age, 
gender, area patient lives in), the clinical fea-
ture (temperature, laboratory results (leukocyte 
count, serum albumin, serum creatinine, ala-
nine transferase, C-reactive protein)), the his-
tory of prior hospitalization, intensive care unit 
(ICU) admission, surgical intervention (in previ-
ous six months), duration of hospital stay, long-
term care facility stay, mortality and comorbidi-
ties (cardiovascular diseases, liver disease, 
respiratory disease, chronic renal disease, 
hematologic or immunologic disorder, malig-
nancy, gastrointestinal disease, diabetes melli-
tus), patients’ in hospital medications in two 
months prior to the C.difficile diagnosis were 
also recorded (including gastric acid suppres-
sant, antibiotic, chemotherapy). The laboratory 
data was collected at the C.difficile infection 
diagnosis for the case patients, and for the con-
trols, they were measured on the admission. 
This study was approved by the ethics commit-
tee of The First Affiliated Hospital, School of 
Medicine, Zhejiang University.

Statistical analysis

All statistical analyses were performed using 
the Statistical Package for Social Science 
(SPSS, Inc., Chicago, USA) version 19.0. 
Continuous variables were expressed as medi-
ans with interquartile ranges, and categorical 
data are described as frequencies with per-
centage. The Chi-square test or Fisher’s exact 
test were used for categorical data and the 
Wilcoxon rank-sum test was used for continu-
ous data where appropriate. Both univariate 
and multivariate analyzes together with 95% 
confidence interval (CI) were performed to 
quantify the strength of these associations. A 
stepwise logistic regression model was used 
for multivariate analysis. Statistically non-sig-
nificant variables (P>0.05) were removed from 
the multivariate analysis. Odds ratios (ORs) 
with 95% confidence intervals (95% CIs) were 

presented for the stepwise logistic regression 
analysis.

Results

Demographic and epidemiological character-
istics

A total of 81 patients who met the criteria for 
the diagnosis of C.difficile infection and 162 
age/gender/ward/admission period-matched 
control patients were enrolled in this study. The 
C.difficile infection patients had a median age 
of 54.4±19.9, and the control group was 
57.1±16.1. The gender ratios (M/F) of case/
control group were 59/22 and 118/44, respec-
tively. The area where patients lived in of case/
control group (urban/rural) were 39/42 and 
82/80, respectively. 

Clinical features and laboratory abnormalities

The clinical features and laboratory abnormali-
ties of the patients were shown in Table 1. 
Univariate analysis showed that the case 
patients were significantly different than the 
control group in fever (32.1% vs. 17.3%), 
increased leukocyte counts (16.0% vs. 5.5%), 
decreased serum albumin levels (23.5% vs. 
10.4%) and C-reactive protein (33 mg/L, inter-
quartile range [IQR], 13.7-82.5 mg/L vs. 29 
mg/L, IQR, 1.7-23.5 mg/L). The median hospi-
tal stay duration was 30 days (IQR, 20.0-36.5 
days), and for the controls, the median hospital 
stay duration was 13.4 days (IQR, 8.0-15.25 
days). Prior hospitalization (69.1% vs. 34.0%), 
the history of surgical intervention (33.3% vs. 
10.5%), the intensive care unit admission 
(25.8% vs. 6.8%), long-term care facility stay 
(43.2% vs. 3.7%) was statistically significant 
difference between the C.difficile infection 
patients and control group (P<0.001).

Comorbidities

The study showed that most of the underlying 
diseases were not significantly associated with 
C.difficile infection. Univariate analysis showed 
that the case patients with chronic lung dis-
ease, malignancy, and gastrointestinal disease 
had higher risk of C.difficile infection than con-
trol group (48.1% vs. 23.5%, 45.7% vs. 34%, 
39.5% vs. 22.2%, respectively). We found that 
the number of underlying diseases were rela-
tive to the incidence of this disease. 
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Medications and outcome

For the C.difficile infection group, 72 (88.9%) 
patients had a history of antibiotic use, whilst 
only 60 (37.0%) in the controls. Use of cephalo-
sporin (44.4% vs. 25.9%), quinolone (27.2% vs. 
23.4%), â-lactam/â-lactamase inhibitor com-
pound (18.5% vs. 8.6%), carbapenem (18.5% 
vs. 7.4%) was significantly different between 
the case patients and control groups. Moreover, 
the C.difficile infection patients had more expo-
sure to gastric suppressants and chemothera-
py. Additionally, a total of 25 patients died with-
in the study, 13 (16%) of these were in case 
group, and 12 (7.4%) were in the control group.

Risk factors

The factors that associated with C.difficile 
infection by univariate analysis above were 
evaluated in a multivariate logistic regression 
model (Table 2). Statistically significant associ-
ations were found with the presence of gastro-
intestinal disease (OR, 5.504; 95% CI, 2.152-
11.868; P<0.001), the history of prior hospital-
ization (OR, 2.826; 95% CI, 1.134-6.077; 
P=0.008), the presence of ICU stay (OR, 3.142; 
95% CI, 1.074-9.193; P=0.037), the history of 
surgery (OR, 2.517; 95% CI, 1.073-5.904; 

P=0.034), the history of long-term care facility 
stay (OR, 15.234; 95% CI, 5.346-43.407; 
P<0.001), antibiotic use (OR, 4.345; 95% CI, 
1.720-10.975; P=0.002), and chemotherapy 
(OR, 3.073; 95% CI, 1.174-8.046; P=0.022).

Discussion

During the past decade, the morbidity and mor-
tality of C.difficile infection have increased dra-
matically in European and America [5, 7]. In the 
United States, the incidence of C.difficile infec-
tion soared from 4.5 per 1000 total adult dis-
charges in 2001 to 8.2 per 1000 discharges in 
2010 and the mortality enhanced slightly from 
6.5% to 7.2% during the same period [5]. Annual 
attributable costs of C.difficile infection have 
reached approximately $1.5 billion in the United 
States [8], more than quadruples the cost of 
hospitalization [9]. Now C.difficile infections 
have been regarded as the most common 
cause of hospital-acquired diarrhea, account-
ing for 10-30% of patients with antibiotic-asso-
ciated diarrhea, 90-100% of those with antibi-
otic-associated colitis [10, 11]. Furthermore, 
some reports showed that a number of C.diffi-
cile infection cases were happened on patients 
without nosocomial exposure, especially in 
peripartum women and children [12, 13]. 

Table 2. Multivariate analysis of risk factors for C.difficile infection

Variable
Univariate analysis Multivariate analysis

beta 
value P value OR (95% CI) beta 

value P value OR (95% CI)

Age -0.035 0.926 0.974 (0.564-1.682)
Fever 0.249 0.010 2.262 (1.218-4.202)
Leukocyte count 0.276 0.010 3.250 (1.326-7.967)
Serum albumin 0.016 <0.001 5.210 (2.235-12.143)
Respiratory disease 0.434 <0.001 3.030 (1.718-5.344)
Gastrointestinal disease 1.738 0.005 2.286 (1.281-4.080) 1.620 <0.001 5.504 (2.152-11.868)
Malignancy -0.736 <0.001 3.166 (1.776-5.643)
Prior hospitalization 1.099 <0.001 4.358 (2.458-7.727) 1.039 0.008 2.826 (1.134-6.077)
ICU admission 0.896 <0.001 4.805 (2.184-10.570) 1.145 0.037 3.142 (1.074-9.193)
Surgical intervention 1.137 <0.001 4.265 (2.155-8.440) 0.923 0.034 2.517 (1.073-5.904)
Long-term care facility stay 2.930 <0.001 21.864 (8.668-55.148) 2.724 <0.001 15.234 (5.346-43.407)
Gastric acid suppressant 0.339 <0.001 3.367 (1.920-5.904)
Antibiotic 1.658 <0.001 8.615 (4.036-18.393) 1.496 0.002 4.345 (1.720-10.975)
Cephalosporin -0.515 0.004 2.286 (1.303-4.008)
Quinolone -0.101 0.050 2.100 (0.999-4.413)
Carbapenem -0.046 0.012 2.841 (1.261-6.402)
β-lactam/β-lactamase inhibitor compound 0.054 0.028 2.403 (1.097-5.262)
Chemotherapy 1.597 <0.001 3.368 (1.700-6.674) 1.123 0.022 3.073 (1.174-8.046)
OR, odds ratio; CI, 95% confidence interval; ICU, intensive care unit.
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Severe C.difficile infection is identified by acute 
kidney injury, a white cell count greater than 
15000 per cubic millimeter, and hypoalbumin-
emia, which may be an independent predictor 
of urgent surgical intervention and death [14].

After performing a match case-control study 
(1:2 ratio), we determined that antibiotic use, 
gastrointestinal disease, prior hospitalization, 
ICU admission, surgical intervention, long-term 
care facility stay, chemotherapy were indepen-
dent risk factors for C.difficile infection in our 
study population. To our knowledge, antibiotic 
use, advanced age, and exposure to healthcare 
facilities are significantly associated with C.dif-
ficle infection. Almost all antibiotics have been 
associated with the C.difficile infection, while, 
clindamycin, ampicillin, amoxicillin, cephalo-
sporins, and fluoroquinolones are the most fre-
quency [14]. In present study, cephalosporins 
compose the highest ratio among used antibi-
otics in both case and control group. Quinolone, 
carbapenem and β-lactam/β-lactamase inhibi-
tor compound were received more often in the 
C.difficle infection patients than the control 
patients. Such data agree with the findings of 
previous studies that antibiotic use remains the 
most important risk factor [11, 15]. However, 
our study population is less dosed with 
clindamycin. In the past 10 years, abuse of 
broad spectrum antibiotics, especially newer 
fluoroquinolones, have promoted several out-
breaks of C.difficile infection. Antibiotics dis-
turbed the competing colonic flora, facilitating 
the conversion of the C.difficile spores to colo-
nize, replicate and produce toxins. When the 
intestinal tract loss the ability to degrade C.dif-
ficile toxins, these exotioxins may bind to intes-
tinal epithelial cells and activate the down-
stream signaling pathway, leading to the aggre-
gation of inflammatory cells and the massive 
release of inflammatory mediators. Fluoro- 
quinolones was proved to play a prominent role 
in the prevalence of C.difficile infection that 
was caused by BI/NAP/027 strains [3, 16]. This 
strain with prolonged toxin production, 
increased duration of germination and 
increased sporulation may elevate the risk of 
transmission. It is almost universally agreed 
that antibiotics are readily available and over-
used in China, and this overuse may lead out-
break of C.difficile infection [4].

Clostridium difficile spores could survive for 
prolonged periods in the environment [17], 

therefore, the health care environment where 
patients with C.difficile are treated may serve 
as a source of transmission. As an opportunis-
tic pathogen, patients with reduced immune 
functions and poorer underlying conditions are 
more susceptible to be infected, especially 
those who are in intensive care unit or postop-
erative [18]. A study showed the 30-day all-
cause mortality rate of C.difficile infection 
patients with severe underlying disease was 
8% more than the control group [19]. 
Gastrointestinal disease, especially concurrent 
diseases like inflammatory bowel disease, 
could alter the intestinal microecology to make 
chance for C.difficile colonization, which makes 
it as a key risk factor for C.difficile infection. As 
is a complex community of microorganisms, 
the gastrointestinal microbiota is vital to the 
development of host immune system and plays 
a crucial role in human health and disease. The 
chronic recurrent diarrhea and intestinal inflam-
matory may lead a high level of C reactive pro-
tein (CRP) and low level of albumin. It is a 
vicious cycle as people weakened by their low 
immune function are, in turn, more vulnerable 
to C.difficile infection. Our univariate analysis 
showed the use of gastric acid suppression 
augmented risk to C.difficile infection. In theo-
ry, the decreased gastric acid allows more veg-
etative organisms to reach the colon and cause 
infection. However, the available evidence is 
controversial. The role of gastric acid suppres-
sion as a risk factor for C.difficile infection is 
still uncertain. Several reports showed proton 
pump inhibitors (PPIs) were associated with 
C.difficile diarrhea and the relapse in both inpa-
tient and outpatient [20-22]. One study showed 
that patients using proton pump inhibitors were 
4.2-fold more likely to get recurrent C.difficile 
infection [23]. But, after adjusting for coexist-
ing conditions, some investigators did not find 
PPIs to be a significant factor for C.difficile 
infection [24], proposing some questions to dis-
cuss and research further. It is interesting that 
we found the patients with chronic lung disease 
were more prone to be infected C.difficile. 
Chronic lung disease were more often experi-
ence higher rates of pneumonia, therefore they 
are in higher chance of antibiotics exposure 
than the healthy adults, resulting in C.difficle 
infection [15].

Our data illustrate the importance of this, 
whereby patients with malignancies were high-
ly significant risk factors on univariate analy-
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ses, but, after adjusting for confounders in the 
multivariable model, it was no longer signifi-
cant. It has been reported that patients who 
accepted chemotherapeutic agents were more 
likely to be infected with C.difficile [25-27], 
which is also supported by our findings. 
Previous studies have demonstrated that bowel 
flora is susceptible to be altered after long-term 
chemotherapy, promoting bacterial overgrowth 
[25, 28]. Because of the chemotherapeutic 
agents that target as DNA and RNA synthetic 
inhibitor, self-repaired function of intestine is 
severely injured by activating apoptosis, and 
slowing down or stopping cell proliferation. 
Moreover, chemotherapeutic agents also affect 
protein metabolism, by means of decrease in 
protein synthesis and increase in proteolysis as 
well as more pronounced inflammatory cyto-
kine response, all of which improve the oppor-
tunity for C.difficile relapse and colonization. 
However, it is remain uncertain that the exact 
relationship between malignancy without che-
motherapy and C.difficile infection. Some stud-
ies showed that malignancy appear to contrib-
ute to an increased rate of CDI when compared 
to general hospitalized population [4]. Immune 
system dysfunction may be induced by malig-
nancy, make it serve as a risk factor for C.diffi-
cile infection. Additionally, due to their frequent 
hospitalizations, environmental contamination 
and frequent antimicrobials, cancer patients 
are more vulnerable to be infected C.difficle. 
Furthermore, other known factors including 
exposure to immune drugs, nasogastric tube 
feeding, organ transplantation, chronic kidney 
disease, and hypoalbuminemia may increase 
the risk of C.difficile infection [14, 29]. 

Our study has several limitations. First, as the 
First Affiliated Hospital, School of Medicine, 
Zhejiang University is a tertiary care teaching 
hospital, the patients come from all over China. 
A long-term follow-up of these patients is diffi-
cult to be performed, therefore the recurrent 
ratio is unknown. Second, the sample was rela-
tively small and single central. Multicenter stud-
ies with lager populations are still needed to 
discover the epidemiology of C.difficile infec-
tion in China. Despite these limitations, the cur-
rent study results provide useful information on 
the risk factors of C.difficile infection. Delays in 
diagnosis and treatment of C.difficile infection 
may be life threatening. Patients at high risk 
require appropriate clinical and pathological 
evaluations. Early detection and treatment are 

important to reduce the fatality and lighten the 
medical economy burden. What’s more, a 
selective and appropriate use of antibiotics 
(with the correct dose and duration) may also 
significant. Antibiotic stewardship programs or 
specific antimicrobial restriction policies will 
play a critical role in reduce the incidence of 
C.difficile infection.
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