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ABSTRACT
AIM: Gastric acid suppression is identified as a risk factor for 
Clostridium difficile infection (CDI). Our objective was to determine 
if the use of proton pump Inhibitors (PPI) are associated with 
increased severity of CDI (severe CDI).
METHODS: Retrospective analysis of hospitalized patients 
with CDI at Geisinger Medical Center was performed. Hospital 
admissions with CDI over an 8 year period (Jan 2001 to Oct 2009) 
were assessed for proton pump inhibitor (PPI)/histamine 2 receptor 
antagonist (H2RA) use, antibiotic (ABX) use, and features of severe 
CDI defined as two or more of the following within 5 days of a 
positive stool test (of index CDI): WBC>15 K or <4 K/μL, bandemia 
>10%, shock (SBP< 90 mmHg), subtotal/total colectomy after index 
CDI, organ dysfunction (acute respiratory failure, acute renal failure, 
altered mental status or serum lactate>2.5 mmol/L). Death (30-day 
death attributed to CDI) was also analyzed. 
RESULTS: 627 patients with CDI were divided into four groups: 
those on neither PPI nor H2RA, those on purely PPI blockers, those 
on purely H2RA blockers, and on both PPI and H2RA. Patients on 
PPI or H2RA were more likely to be on antibiotics (ABX) antibiotics 
within 90 days of CDI index case or vasopressors. Among all 
patients, 40% developed severe CDI. Unadjusted odds ratio (OR) 
of developing severe CDI for PPI was 1.91 (95% CI: 1.36, 2.69, 
p=0.0002), and for H2RA the OR was 0.66 (95% CI: 0.41, 1.05, 
p=0.0770). After controlling for confounders the effect of PPI was 
significantly elevated (OR=1.60, 95% CI: 1.09, 2.351) whereas the 
effect of H2RA was protective (OR=0.50, 95% CI: 0.31, 0.83).There 

was no statistically significant difference in 30-day mortality by 
medication group.
CONCLUSIONS: Results suggest PPI use could lead to an 
elevated risk of developing severe CDI, while H2RA was found to 
decrease the risk of severe CDI. This study suggests limiting the 
indiscriminate use of PPI in hospitalized patients. 
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INTRODUCTION
Clostridium difficile infection (CDI) is one of the most frequently 
occurring nosocomial infections and in the past decade has been 
observed to be becoming more frequent, more severe, and more likely 
to relapse than previously described[1].
    The offending organism, a gram positive spore forming rod, releases 
toxins and in a susceptible colon resulting in inflammation, mucosal 
damage and psuedomembrane formation. The clinical spectrum of CDI 
can range from an asymptomatic carrier state to a more life threatening 
fulminant colitis with acute diarrhea, diffuse abdominal pain, marked 
leukocytosis, lactic acidosis, and toxic megacolon.
    Besides certain well established risk factors associated with CDI 
including antibiotics, advanced age and prolonged hospitalization, 
gastric acid suppression has been implicated as a possible contributor. 
The two commonly used medications for gastric acid suppression are 
the proton pump inhibitors (PPIs) and histamine 2 receptor antagonists 
(H2RA). A number of studies have reported a higher risk of CDI 
secondary to concomitant use of gastric suppressants, more specifically 
PPIs as compared to H2RA[2,3,4]. Janarthanan and colleagues in a recent 
meta analysis of 21 observational studies reported that PPI use was 
associated with an 80% greater risk of CDI compared with no history 
of PPI use[5]. However, it is not clear whether gastric acid suppression 
has any role in severity of CDI.
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MATERIALS AND METHODS  

We performed a retrospective cohort study at Geisinger Medical Center, 
a tertiary care hospital, located in central PA. Hospitalized patients with 
CDI from January 1, 2001 to October 31, 2009 were identified. Data 
was obtained using electronic health records. The patients were included 
if they were >18 years of age and had a positive stool antigen or PCR 
for C difficile. This was defined as the index CDI. Patients less than 18 
years of age, pregnant women and those with previous history of CDI, 
if indicated in the problem list prior to admission, were excluded. 
    Baseline characteristics were obtained on all patients including age, 
sex, co-morbidities, use of ABXs within 90 days of index CDI and the 
use of PPI/H2RA within 30 days of index CDI.  Patients were defined 
as having severe CDI if they had 2 or more of the following criteria 
within 5 days of index CDI : (1) WBC > 15 or < 4 μK/L or bands >10; (2) 
shock (defined as any SBP<90) with or without the use of vasopressors; 
(3) subtotal or total colectomy within 5 days of index CDI; and (4) 
multi-organ failure with either (a) respiratory failure requiring BiPAP or 
mechanical ventilation, (b) acute renal failure (rise in serum creatinine 
by 1.5 mg/dL from baseline), (c) altered mental status and/or (d) lactic 
acidosis (>2.5 mmol/L). The study was approved by the institutional 
review board of Geisigner Medical Center. 

Table 1 Demographics.

Statistical Analysis
Data are presented as mean and standard deviation, or median and 
inter-quartile range, for continuous variables, and as frequency and 
percentage for categorical variables. Baseline comparisons between the 
medication groups were made using the Kruskal-Wallis non-parametric 
and Pearson’s Chi-square or Fisher’s Exact tests, as appropriate. For 
purposes of describing the sample patients were assigned to one of four 
medication groups; neither PPI nor H2RA, PPI only, H2RA only, or 
both. The descriptive statistics are also shown stratified by severe CDI. 
Antibiotic use was coded within 90 days pre-index CDI. Severe CDI 
was coded as 2 or more of the following: leukocystosis (WBC>15 or <4 
or bands>10), shock (SBP<90), subtotal or total colectomy, in-hospital 

death, and multi-organ failure (identified by either: respiratory failure, 
acute renal failure (ICD-9 code or increase of >1.5 in creatinine from 
baseline to ever post-index), altered mental status, or lactic acidosis 
(>2.5). Logistic regression was used to estimate the associations of PPI 
and H2RA with development of severe CDI. Potential confounders were 
included in a multivariable model to estimate an unbiased relationship. 
Variables were considered in the model if they were related to both 
the outcome (severe CDI) and either of the medications. Results are 
presented as odds ratios (OR)  and corresponding 95 percent confident 
intervals (95% CI).  The analysis was performed using SAS v9.2 (SAS 
Institute Inc., Cary NC).

RESULTS
A total of 627 patients with index CDI were identified from January 1, 
2001 to October 31, 2009. Baseline characteristics of the cohort and by 
PPI and H2RA usage are displayed in table 1. The median age was 69 
years (inter-quartile range was 57 to79 years). 
    There were 297 (47%) men and the cohort was mostly Caucasians 
(98%). Of the 627 patients with CDI, 61% were prescribed antibiotics 
within 90 days of index CDI. 358 patients did not receive PPI or 
H2RA within 30 days of index CDI; 172 received only PPI, 37 received
 

only H2RA, and 60 received both PPI and H2RA. Patients on PPI or 
combination of PPI and H2RA blockers were more likely than those on 
neither to also be on vasopressors within 5 days or antibiotics within 90 
days of index CDI. Patients on PPI only were also more likely to have 
diabetes or renal disease. Gender, age, BMI, and race didn’t really vary 
by medication usage group.
    It can be seen in table 2 that those only on PPIs were more likely 
to develop severe CDI. It can also be seen that among the criteria 
used to define development of severe CDI, patients on PPI only were 
more likely to have shock (hypotension), a colectomy or multi-organ 
failure. Similar results were observed for those patients on both PPI 
and H2RA. In a logistic regression model that included indicators of 
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                   Overall                    Neither                H2 only              PPI only                         Both         P-value
                      (n = 627)                    (n = 358)                (n = 37)              (n = 172)                          (n = 60) 
                      N (%)     
Male sex                      297 (47.4%)                   160 (44.6%)                  20 (54.0%)              80 (46.8%)             7 (61.7%)                    0.0815
White race                      614 (97.9%)                   350 (97.8%)                  37 (100%)              169 (98.8%)             58 (96.7%)                  0.5616                  
Antibiotic Use w/in 90 days           380 (60.6%)                    145 (40.4%)                30 (81.1%)              147 (86.0%)                    58 (96.7%)        <.0001    
Vasopressor use w/in 5 days          31 (4.9%)                   2 (<1%)                1 (2.7%)              20 (11.7%)             8 (13.3%)        <.0001
Cardiac disease  113 (18.0%)                   78 (21.7%)                3 (8.1%)              24 (14.0%)             8 (13.3%)        0.0362
Pulmonary disease  80 (12.8%)                     41 (11.4%)                4 (10.8%)              25 (14.6%)             10 (16.7%)        0.5603
Renal disease  46 (7.3%)                   21 (5.8%)                0 (0%)              19 (11.1%)             6 (10.0%)        0.0321
Diabetes                      100 (15.9%)                   46 (12.8%)                4 (10.8%)              38 (22.2%)            12 (20.0%)        0.0278
       
Death w/in 6 months  199 (31.7%)                  110 (30.6%)                9 (24.3%)              62 (36.3%)            18 (30.0%)        0.418
Developed severe
CDI w/in 5 days of index 254 (40.5%)                  132 (36.7%)                8 (21.6%)              87 (50.9%)             27 (45.0%)        0.0013

 In-hospital death  58 (9.2%)                  5 (9.8%)                2 (5.4%)              16 (9.4%)             5 (8.3%)        0.8446
  Leukocytosis  418 (66.7%)                  241 (67.1%)                22 (59.5%)              118 (69.0%)             37 (61.7%)        0.5733
  Shock (hypotension)  198 (31.6%)                  83 (23.1%)                9 (24.3%)              78 (45.6%)             28 (46.7%)        <.0001
  Colectomy  11 (1.8%)                  2 (<1%)                0 (0%)              7 (4.1%)             2 (3.3%)        0.0146
  Multi-organ failure1  194 (30.9%)                  113 (31.5%)                5 (13.5%)              59 (34.5%)             17 (28.3%)        0.0891 
                       Median (IQR)     
Age                       69                  68                67                                   72                                 66.5                            0.0722 
                      (57-79)                  (56-78)                (61-80)               (60-81)            (53.5-78.0) 
BMI (41% known)  27.8                  27.8                26.5               27.8             28.4                            0.9104
                      (23.5-34.0)                  (23.9-34.6)                (23.2-34.7)               (22.9-34.7)                    (23.9-33.4) 
Length of hospital stay  10                  9                                     14                                    8                                 15                            0.0001
                      (5-18)                  (5-18)                (9-18)               (4-15)            (7-26.5) 
1 respiratory failure, acute renal failure, altered mental status, or lactic acidosis >2.5 mmol.



the medications of interest, it was found that use of PPI was associated 
with an increased odds of severe CDI (OR=1.91, 95% CI: 1.36, 2.69, 
p=0.0002) whereas H2RA was not found to be significantly associated 
(OR=0.66, 95% CI: 0.41, 1.05, p=0.0770). A test for the interaction 
between medications was non-significant (p=0.3193) implying that the 
effect of one medication was not dependent on the level of the other. 
After controlling for potential confounders including antibiotic use 
within 90 days, vasopressor use, pulmonary and renal co-morbidity and 
hospital length of stay, the effect of PPI, although somewhat attenuated, 
was significant (OR=1.60, 95% CI: 1.93, 2.35, p=0.0156). However, 
among patients that had received an H2RA the odds of developing 
severe CDI was reduced by approximately 50% (OR=0.50, 95% CI: 
0.31, 0.83, p=0.0071).

Table 2 Characteristics of CDI Patients by CDI Status.
                     Severe CDI               Non-Severe CDI            P-value
                        (n = 254)               (n = 373) 
Male sex                        119 (46.8%)               178 (47.7%)              0.8303
White race                        251 (98.8%)               363 (97.6%)              0.2672
Antibiotic Use                 172 (67.7%)               208 (55.8%)              0.0026w/in 90 days 
Vasopressor use              28 (11.0%)               3 (0.8%)              <0.0001w/in 5 days  
Cardiac disease 50 (19.7%)               63 (16.9%)              0.3714
Pulmonary disease 41 (16.1%)               39 (10.5%)              0.0362
Renal disease 28 (11.0%)               18 (4.8%)              0.0035
Diabetes                        42 (16.5%)               58 (15.6%)              0.7407
Death w/in 6 months 125 (49.2%)               74 (19.8%)             <0.0001

Age                        68               70                                    0.4738
                        (57 – 80)                (57 – 78) 

BMI (41% known) 28.1               27.6                                    0.3208
                        (23.7 – 35.6)               (23.5 – 33.6) 

Length of hospital stay 12               8                                   <0.0001
                        (6 – 22)               (4 – 16) 

DISCUSSION
ICDI continues to be a serious nosocomial and community acquired 
infection with significant morbidity and mortality. For the health care 
system, it’s a substantial expenditure estimated at more than1.1 billion 
dollars per year in  the United States[6]. In 2005, the Centers for Disease 
Control and Prevention reported the emergence of the hypervirulant 
strain B1/NAP-/027, also known as the non-North American Pulse 
field type 1 and since then there has been a steady increase in the 
detection of this strain even low risk populations[7]. Several methods 
have been implemented by health care systems to reduce the spread 
of this infection including strict hand washing, patient isolation and 
antibiotic stewardship.
    The role of gastric acid suppression causing CDI is poorly 
understood. Dr. Gurian in 1982 demonstrated that, in vitro, a gastric 
pH of 2 to 4 rapidly killed Clostridium difficile but as the pH of 
gastrointestinal secretions increased, the bactericidal action was 
minimal[8]. Jump and colleagues showed that the Clostridium difficile 
spores are able to survive longer because of a more sustained rise 
in gastric pH created by PPIs[9]. However, more recently Nerandzic 
et al, demonstrated that rather than gastric acid, an alteration in the 
conjugation of bile acids, results in germination of C diff spores 
in intestines[10]. PPIs, by delaying gastric emptying and leading to 
conversion of bile salts to unconjugated form, possibly result in 
a higher germination of the vegetative spores of C diff. A higher 
incidence of small bowel bacterial overgrowth with chronic PPI use 
has also been postulated as a cause[11]. There has also been recent 
suggestion of impaired leukocyte and immune response with use of 
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PPIs[12,13].
    The inpatient hospital mortality for fulminant CDI is around 35%. 
However it can be up to 57% in patients >70 years presenting with 
marked leukocytosis, shock requiring pressors and cardio-pulmonary  
failure[14]. A recent study from the UK also reported a 30 day mortality 
of 58% especially in the older age group[15]. Multi-system organ failure 
is an independent predictor of mortality and associated with a higher 
need for colectomy[16]. Our data shows that more than a third of the 
patients who developed severe CDI received a PPI within 30 days of 
diagnosis. Although the total number of colectomies was just 9, out of 
these 7 were on a PPI. Hypotension was also more common in those 
who received PPIs. The risk was much lower if patient received an 
H2RA. We did not look at fever, the frequency of diarrhea and the 
presence or absence of psuedomembranes in our patients , which is 
a study limitation, as these are also markers of severe Clostridium 
difficille infection. However, not all patients are able to mount a fever 
and especially those who are immunosuppressed. With fulminant C 
difficile infection there can be significant ileus and often the frequency 
of stooling is not precisely charted. Psuedomembranes are significant 
but sigmoidoscopy or colonoscopy can be deferred in patients with 
CDI as stool studies have high sensitivity and specificity[17]. The need 
for endoscopy usually arises when the clinical diagnosis is in question.  
We don’t believe we could have missed or added additional patients by 
reviewing endoscopy data although it might be worthwhile in a more 
prospective study. The most important risk factor for the development 
of CDI is the use of antibiotics. With administration of antibiotics there 
is disruption of the natural microbial flora making the colon susceptible 
to toxin induced inflammation. Our study also shows that 57% of the 
patients got antibiotics within 90 days of CDI. Those who received 
antibiotics were more likely to be on acid suppression. 
    The question that arises is whether significant acid suppression makes 
the environment more susceptible to severe CDI? Our data suggests 
limiting use of acid suppression while on antibiotics and at least while 
admitted to the hospital. Some experts advocate implementation of a 
check list in the hospitalized setting to reduce the spread of CDI[18]. 
We propose that acid suppression be incorporated into medication 
reconciliation process. Choudhry et al showed that in UK up to 63% 
of the hospitalized patients may not have an apparent indication for a 
PPI prescription at the time of discharge. This group also had a higher 
incidence of CDI[19]. Moreover the risk of recurrence of CDI is also 
higher if PPIs are continued once a diagnosis of CDI is established[20,21]. 
Patients are usually started on stress ulcer prophylaxis while in the ICU 
but as they move to a lower level of care, these medications may no 
longer be indicated.
    Since the introduction of PPIs in the early 90s, there has been a steady 
increase in the use of these medications. According to a report in Nov 09 
by the US news, 113.4 million prescriptions for PPIs are filled each year 
making this class of drugs the third commonly prescribed medication in 
the US. PPIs have no doubt revolutionized the treatment of peptic ulcer 
disease and gastroesophageal reflux, and gastroenterologists prescribe 
these medications more than any other. Until a head to head double 
blinded trial is done to confirm or exclude the role of acid suppression 
in CDI, it might be reasonable to ascribe to the theory of less is more, 
particularly PPI use in hospitalized patients. 
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