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Is Clostridium difficile infection influenced by 
antimicrobial use density in wards?
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This study was performed to elucidate the relationship between antimicrobial use 
density (AUD) and Clostridium difficile infection (CDI) manifesting as 
antimicrobial-associated diarrhea (AAD) in hospital wards during a 4-year period. 

three or more, arising at least 48 hours after ward admission, and fecal samples 

administered as treatment. AUDs were calculated for a total of 21 antimicrobials in a 
span of 48 months and nine wards. We included the average value of AUDs, 
representing two succeeding months of sample submission into the sample 

precaution for statistical analysis. Of a total of 463 cases, 95 (20.5%) were CDI-

P＝
2.539, P＝0.047) for clindamycin and piperacillin, respectively in AUD. Thus 
increased ward AUDs of clindamycin and piperacillin may run the risk of CDI. 

Treatment with a variety of drugs is known to cause  infection (CDI) as 
antimicrobial-associated diarrhea (AAD)1)

against anaerobes, have an association with CDI2)

been associated with a reduction in CDI incidence3).
Few studies have described the relationship between CDI and antimicrobial use density 

(AUD) representing antimicrobial pressure in hospital wards. Previous studies have investigated 
Klebsi-

ella pneumoniae4), Pseudomonas aeruginosa5), and methicillin-resistant Staphylococcus aureus 
6). We attempted to clarify the relationship between  and ward AUD.
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Materials and Methods

-

Materials
From a total of nine wards in the hospital, attending physicians and infection control profes-

sionals submitted fecal samples from all inpatients presenting with AAD. All of the samples were 

from patients who had already tested positive within the past month and those that did not meet 
-
 

agents, such as of lactobacilli for treatment. 

hydrochlorite. The use of gloves was re-enforced during the care in the patients positive for CDI 

-
gists, and nurses. They inspected compliance to the hospital guidelines by house staff. 

Analysis
AUDs were calculated for a total of 21 agents, 48 months, and nine wards by the formula:

 AUD＝ × ×1000
7). We included the aver-

aged AUDs for two months, which included the month of sample submission and the month pre-
ceding it. In a given antimicrobial AUD, the median value was used to assign a value of 0 or 1 for 
data higher or lower than the median, respectively. 

Antimicrobials of parenteral use for AUD calculation are as follow: ampicillin, sulbactam-

-
-
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follows:

 CDI prevalence rate＝ ×1000

We included background information after the second year of data collection to see factor in 
-

gistic regression analysis where the outcome was determined as a positive CDI. Any variables 

P＜
for the analysis.

Tokyo) was used to type  The antibiotic susceptibility of  isolates was de-
8). 

Results

In a total of 463 cases, 95 (20.5%) were CDI-positive with a median duration of 27 days 

enhanced contact precaution. 

clindamycin and piperacillin alone (Table 1). Using these factors, multivariate analysis showed 
P＝

0.032) and 1.598 (P＝0.047), respectively in AUD (Table 2). 
Among the wards, chest medicine ward 6A showed the highest CDI prevalence rate of 

0.301, with a median of four years (Fig. 1). In 2010, neurosurgery ward 4A documented the high-
est prevalence rate of 0.703. In both cases, patients with recurrent CDI across several months 
were included in the study and stayed in separate rooms, making an outbreak less likely.

From 2008 through 2011, median AUD levels of clindamycin peaked in 2010, whereas mean 
AUD levels of piperacillin tended to decrease (Fig. 2). 

The values of AUDs for 21 agents showed increased median values for clindamycin in the 
neurosurgery ward and sulbactam-ampicillin in both the chest medicine ward and the intensive 
care unit (Fig. 3). 

Out of a total of 29 specimens isolated with 
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Table 1. Univariate logistic regression analysis on risk factors for  infection 
during a 4-year period.

Note: AUD, antimicrobial use density of the month and ward 
being more than the median of all the values; *, significant at P＜
0.05.
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Table 1. Univariate logistic regression analysis on risk factors for  infection 
during a 4-year period. (Continued)

Note: **; intensified contact precaution as determined by preceding 
isolation of methicillin-resistant Staphylococcus aureus (MRSA).

Table 2. Multivariate logistic regression analysis on risk factors for  
infection.

Note: AUD, antimicrobial use density of the month and ward 
being more than the median of all the values; *, significant at P＜
0.05.

Fig. 1. Annual prevalence rates of infection (CDI) in wards. 

Note: ICU, intensive care unit; 6A, for the chest medicine; 4A, for the neurosurgery.
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 strains were susceptible to clindamycin in nine of 16 (56.3%) samples, 

50 90 values were not suggestive 

Discussion

Antimicrobials associated with  diarrhea include clindamycin and cephalosporins, 
especially second- and third-generation agents such as ampicillin1). Similarly, the current study 
revealed that ward AUDs of piperacillin and clindamycin are risk factors for CDI. However, ure-

as less likely to cause CDI than ampicillin9,10)

been associated with an increase in CDI11). However, one study found hospital consumption of 
12). 

 isolates, 
however, showed only a 50% susceptibility rate with ampicillin in contrast to 100% susceptibility 

-

 strains. The 

Fig. 2. Antimicrobial use density (AUD) of clindamycin (CLDM) and piperacillin (PIPC) by 
years. 

Median values are shown in the vertical axis.  
AUD of CLDM shows a peak in 2010 while AUD of PIPC is decreasing.
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 in the gut. 
-
-

rent month. Therefore, the averaged AUDs represented antibiotic pressure with respect to ward 
volume. Despite our effort to prevent the propagation of , the effect of mass clindamy-

-

Fig. 3. Antimicrobial use density (AUD) of 21 agents, , ampicillin (ABPC), sulbactam-
ampicillin (SBT-ABPC), cefazolin (CEZ), sulbactam-cefoperazone (SBT-CPZ), 
ceftazidime (CAZ), cefmetazole (CMZ), cefotaxime (CTX), cefotiam (CTM), cefozopran 

(FMOX), fosfomycin (FOM), imipenem-cilastatin (IPM-CS), meropenem (MEPM), 
minocycline (MINO), panipenem-betamipron (PAPM-BP), piperacillin (PIPC), 
tazobactam-piperacillin (TAZ-PIPC), and parenteral vancomycin (VCM) by wards. 

Median values are shown in the vertical axis. Note: ICU, intensive care unit; 6A, for the chest medicine; 4A, for the 
neurosurgery.
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6). Throughout the 10 years of our study, glove uses had been consis-
tent once CDI was detected. However, the possibility of inconsistent glove use confounding the 

-

K. pneumoniae, an 
4). In two other 

studies investigating the susceptibility of P. aeruginosa, AUDs for meropenem and doripenem 
were used as indicators of antibiotic pressure13). In agreement with these studies14), our work 
demonstrated that increased clindamycin AUD runs the risk of CDI in wards. The strains of C. 

microbial substitution. Our study supported a previous proposal to restrict hospital-wide use of 
clindamycin to regain  susceptibility to this antimicrobial15). 

The limitation of the current study is its retrospective design. To validate our hypothesis that 

Table 3. Susceptibility of  and minimum inhibitory concentration (MIC) 
against  strains (n＝16) isolated in  infection.

Note: MIC50, 50 percentile MIC; MIC90, 90 percentile MIC; *, Without 
cilastatin as defined by Clinical and Laboratory Standards Institute (CLSI); 
N/A, not available by CLSI.
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