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Abstract

Background: Clostridium difficile infection is a healthcare-associated infection resulting in significant morbidity. Although
immunosuppression is associated with Clostridium difficile infection acquisition and adverse outcomes, the epidemiology of
Clostridium difficile infection in HIV-infected patients has been little studied in the era of antiretroviral therapy. This study
identifies the risk factors for acquisition of Clostridium difficile infection in HIV-infected patients.

Methods: A retrospective, propensity score—matched case—control study design was employed, with patients selected from
our institution’s outpatient HIV clinic. Clostridium difficile infection cases were defined as having positive stool testing plus
an appropriate clinical presentation. The propensity score was generated via multiple logistic regression from year of HIV
diagnosis, age at first contact, duration of follow-up, gender, and initial CD4 count.

Results: The 46 cases included were matched to a total of 180 controls. Prior antibiotic treatment was a significant predictor
of Clostridium difficile infection (odds ratio: 13, 95% confidence interval: 3.49—48.8, p<.001) as was number of hospital
admissions in the preceding year (odds ratio: 4.02, confidence interval: 1.81-8.94, p<.001). Having both proton pump
inhibitor use and CD4 count <200 cells/pL significantly increased odds of Clostridium difficile infection in the multivariable
model (odds ratio: 15.17, confidence interval: 1.31-175.9, p=.021).

Conclusion: As in the general population, frequent hospitalizations and exposure to antimicrobials are independent
predictors of Clostridium difficile infection acquisition in patients with HIV. Additionally, low CD4 count and proton pump
inhibitor use are new potentially modifiable variables that can be targeted for prevention of Clostridium difficile infection in
future interventional studies.
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Introduction

Clostridium difficile infection (CDI) results in significant
morbidity, mortality, and cost to the healthcare system. C.
difficile was first linked to cases of antibiotic-associated
diarrhea in the 1970s; since that time, it has become the lead-
ing cause of hospital-acquired diarrhea in the United States.!-?
In 2008, the acute-care direct costs of CDI in the United
States were estimated to be US$4.8billion.? As the preva-
lence of CDI has grown, new epidemic variants have
emerged, in particular, the ribotype 027 strain.?

CDI is thought to occur as a direct result of disturbing
fecal microbiota, enabling overgrowth of C. difficile and
toxin expression; this has been most strongly associated with
antibiotic use. However, several other risk factors have been
associated with the development of CDI, including gastric
acid suppression, advanced age, hospital exposure, and defi-
cits in cellular or humoral immunity.3-¢

In HIV patients, CDI is the leading cause of bacterial diar-
rhea.?’ In the pre-antiretroviral therapy (ART) era cohort
studies showed a nearly doubled rate of CDI in HIV+ patients
than in general inpatients'43-10 despite roughly similar colo-
nization prevalence.*!! Since ART use has become more
prevalent, this association has become less pronounced.!*12
Sanchez et al.” found an incidence rate of 4.1 cases per
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1000 patient-years in a cohort from 1992 to 2002 and found
that the incidence rate decreased with increasing CD4 counts.
Many factors have been proposed to contribute to a higher
rate of CDI in HIV patients, including depressed immune
function, increased hospital exposure, and increased antibi-
otic use. In the pre-ART era, CD4 count <50 was shown to
be an HIV-associated, independent risk factor for CDI
acquisition.!13:14 During this time period, CDI recurrence
rates in the general population were similar to those in HIV+
patients, even in the cases of low CD4 counts.*15:16

There have been few epidemiologic studies done after
ART increased in popularity and the ribotype 027 strain
increased in prevalence. One such study examined incidence
and HIV-associated CDI risk factors in a cohort of 4217
patients between July 2003 and December 2010. The inci-
dence of CDI cases was 8.3 cases per 1000 patient-years,
higher than the estimate from Sanchez et al.” The higher inci-
dence was hypothesized to be related to increasing incidence
of CDI in the general population as a result of increasing
virulence of C. difficile strains. In this study, risk of CDI was
found to be independently increased for CD4 count <50 cells/
mm?, residence in hospital or healthcare facility at the time
of diagnosis, use of gastric acid suppression, use of immuno-
suppression, and use of clindamycin, fluoroquinolones, or
macrolides. Recurrent CDI occurred in 13% of cases.!?

A 2015 Italian study done in inpatients showed a similar
incidence of hospital-associated CDI between HIV and non-
HIV patients at around 5.1 cases per 1000 HIV+ hospital admis-
sions. Multivariable analysis within the HIV cohort showed
only low gammaglobulin and low albumin to be independently
associated with an increased risk of CDI development.!’

The increasing use of ART is likely to have changed the
epidemiology for CDI acquisition, but there have been few
epidemiologic studies of CDI in HIV-infected patients in the
modern era. This study was undertaken to reexamine the
relationship between HIV infection and CDI acquisition in
the ART era.

Methods
Study design and procedures

We performed a retrospective case—control study in patients
who were followed in the University of Michigan HIV pri-
mary care clinic. Cases were defined by positive stool testing
between 1 January 2000 and 20 September 2014 for either
the toxin(s) A/B or the tcdB gene plus symptoms of increased
diarrhea, abdominal pain, or fever. Cases included both inpa-
tients and outpatients. Cases were matched up to 1:4 to con-
trols by a propensity score, which was calculated using
multiple logistic regression on the following variables: year
of HIV diagnosis, age at first contact, duration of follow-up,
gender, and initial CD4+ T cell (CD4) count.

Chart review was done to evaluate cases and controls for
potential risk factors. The variables for the cases were

abstracted within 1year of their CDI. The variables for the
control patients were extracted within 1year of the CDI of
their matched case.

Recurrent CDI was defined as new symptoms and posi-
tive stool testing >14days after but within 8 weeks of the
index episode and after the initial symptoms resolved.!8
Severe CDI was defined as CDI occurring in a patient with
age =65, white blood cell count >15,000, absolute neutro-
phil count <500, albumin =<2.5, serum creatinine =1.5
times premorbid level, solid organ or bone marrow trans-
plant within 100 days, chronic graft versus host disease, and/
or treatment of rejection of solid organ transplant within the
preceding 2 months.

Statistical analysis

All analyses were conducted in R, version 3.2.2 (R
Foundation for Statistical Computing, Vienna, Austria).
Simple and multiple conditional logistic regressions were
used to identify variables associated with the development of
CDI and other outcomes. The final multivariable model was
built using backward elimination with a likelihood ratio test,
using a<.05 as the cutoff for variable retention, and all vari-
ables were candidates for inclusion in the model. Interaction
terms were evaluated and included in the final model where
significant. A two-sided p value<.05 was considered signifi-
cant for all tests.

Results

Between 20 September 1987 and 20 September 2014, 1456
patients were followed in the HIV clinic; within the study
period, this amounted to 6461.9 patient-years. Of these, 46
were identified as having a case of CDI between 1 January
2000 and 20 September 2014, consistent with an incidence
rate of 7.1 cases per 1000 patient-years. The 46 incident
cases were matched with 180 controls. Baseline characteris-
tics of cases and controls are compared in Table 1.

Among CDI cases, 36 were male (78%), 9 were female
(22%), and the mean age was 44 years. In total, 70% of CDI
cases had a history of AIDS and 48% had a CD4 count of
less than 200 at the time of CDI diagnosis. In total, 50% of
cases were within 3months of a course of antibiotics. In
total, 78% of cases were using ART at the time of CDI and
32% were using a proton pump inhibitor (PPI). The average
number of hospitalizations among case patients in the previ-
ous year was 2.6.

Unadjusted analysis of predictors of CDI is shown in
Table 2. In the unadjusted analysis, elevated viral load at the
time of CDI, number of hospitalizations in the previous
year, days spent in the hospital in the previous year, having
a CD4 count <200 at the time of CDI, use of antibiotics for
both prophylaxis and treatment, use of PPI at the time of
CDI, use of non-nucleoside reverse transcriptase inhibitor
(NNRTTI) at the time of CDI, and use of integrase inhibitors
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Table I. Patient characteristics.

Variable Cases? Controls? Total?

Male gender 78.26% (36) 83.89% (I51) 82.74% (187)
White race 50% (23) 60.56% (109) 58.41% (132)
Age at CDI (years) 44.11£10.71 42.77+11.96 43+10.69
Viral load at CDI (copies/mL) 101,415+203,701 26,224+ 114,451 41,596+ 140,681
Viral load at initial visit (copies/mL) 65,625+ 107,287.64 151,276.40+315,691.61 132,634.62+285,875.25
Minimum serum albumin® (g/dL) 3.1£0.8 3511 331
Number of hospitalizations in previous year 2.61+£2.94 0.28+0.85 0.76 £ 1.79
Number of hospital days in previous year 14.96+19.31 1.11+423 3.94+11.03
History of prior CDI 4.35% (2) 0 0.88% (2)
Residence in nursing facility at time of CDI 6.52% (3) 0.56% (1) 1.77% (4)
History of AIDS 69.57% (32) 57.22% (103) 59.73% (135)
CD4 count <200 cells/pL at time of CDI 47.83% (22) 16.11% (29) 22.57% (51)
History of opportunistic infection 2391% (11) 17.78% (32) 19.03% (43)
History of PCP 19.57% (9) 12.78% (23) 14.16% (32)
History of CMV 8.70% (4) 3.33% (6) 4.42% (10)
History of MAC infection 4.35% (2) 2.78% (5) 3.1% (7)
History of toxoplasmosis 2.17% (1) 0.56% (1) 0.88% (2)
History of cryptosporidium 0 1.67% (3) 1.33% (3)
History of diabetes 13.04% (6) 5% (9) 6.64% (15)
History of COPD 4.35% (2) 1.67% (3) 2.21% (5)
History of IBD 4.35% (2) 1.11% (2) 1.77% (4)
Use antibiotics for treatment at time of CDI 65.22% (30) 15% (27) 25.22% (57)
Use of prophylactic antibiotics at time of CDI 50% (23) 25% (45) 30.09% (68)
Use of immunosuppressives at time of CDI 13.04% (6) 8.33% (15) 9.29% (21)
Use of PPI 32.61% (15) 17.22% (31) 20.35% (46)
Use of IVIG 2.17% (1) 0.56% (1) 0.88% (2)
Use of ART 78.26% (36) 82.78% (149) 81.86% (185)
Use of NNRTI 30.43% (14) 47.22% (85) 43.81% (99)
Use of NRTI 71.74% (33) 80.56% (145) 78.76% (178)
Use of protease inhibitor 45.65% (21) 43.33% (78) 43.81 (99)
Use of integrase inhibitor 19.57% (9) 6.11% (11) 8.85% (20)
Use of maraviroc 0 0.56% (1) 0.44% (1)
Use of enfuvirtide 0 0 0

Total 46 180 226

CDl: C. difficile infection; PCP: Pneumocystis pneumonia; CMV: cytomegalovirus; MAC: Mycobacterium avium complex; COPD: chronic obstructive pulmo-
nary disease; IBD: inflammatory bowel disease; PPI: proton pump inhibitor; IVIG: intravenous immunoglobulin; NNRTI: non-nucleoside reverse transcrip-
tase inhibitor; NRTI: nucleoside reverse transcriptase inhibitor; ART: antiretroviral therapy.

2All values given as percent (n) or value * standard deviation.
bThere were 154 missing values.

at the time of CDI were all significant risk factors for the
development of CDI.

The final multivariable model for development of CDI is
shown in Table 3. Adjusting for covariates, including age,
prior antibiotic treatment was a significant predictor of CDI
(odds ratio (OR): 13, 95% confidence interval (CI): 3.49—
48.8, p<.001) as was number of hospital admissions in the
preceding year (OR: 4.02, CI: 1.81-8.94, p<.001). Neither
PPI use nor low CD4 count (<200 cells/puL) were independ-
ent predictors of CDI alone, but if both were present, an
interaction existed that conferred a significantly increased
risk of CDI in the multivariable model (OR: 15.17, CI: 1.31—
175.9, p=.021).

Severe CDI occurred in 10 cases (21.7%) and recurrent
CDI occurred in 2 cases (4.3%). Only one death occurred
(2.2%). Due to few numbers of severe and recurrent CDI
cases, no further statistical analyses were done on these
patients.

Discussion

Past studies have demonstrated that HIV infection is a risk
factor for CDI and that ART use has not decreased this risk to
that of the background population.!>!7 Although there have
been several epidemiologic studies examining CDI in HIV-
infected patients, it is valuable to reexamine the relationship
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Table 2. Unadjusted analysis of selected predictors for acquisition of C. difficile infection.

Predictor Odds ratio? p
Age at time of CDI (years) 1.01 (0.98-1.04) 522
Viral load at time of CDI (log of copies/mL) I.1 (1.03—-1.18) .005
Viral load at initial visit (log of copies/mL) 0.96 (0.9-1.04) 139
Minimum serum albumin (g/dL) 0.71 (0.4-1.26) 247
Number of hospitalizations in previous year 3.31 (2.02-5.44) <.001
Days of hospitalizations in previous year 1.21 (1.11-1.32) <.001
History of AIDS 1.75 (0.84-3.63) 133
CD4 count <200 cells/pL at the time of CDI 5.58 (2.56-12.20) <.001
Initial CD4 count <200 cells/pL 1.91 (0.95-3.85) .071
History of any opportunistic infection 1.47 (0.68-3.18) 328
History of PCP 1.67 (0.72-3.87) 234
History of CMV 2.67 (0.75-9.45) 129
History of diabetes 2.82 (0.93-8.54) .066
History of COPD 2.31 (0.38-14.10) 364
Use of antibiotics for treatment 10.2 (4.59-22.60) <.001
Use of prophylactic antibiotics at time of CDI 3.09 (1.54-6.17) .001
Use of immunosuppressives at time of CDI 1.67 (0.61-4.61) 322
Use of PPI at time of CDI 2.4 (1.13-5.12) .023
Use of NNRTI at time of CDI 0.485 (0.24-0.98) .042
Use of NRTI at time of CDI 0.628 (0.30-1.31) 216
Use of protease inhibitor at time of CDI 1.07 (0.56-2.06) .840
Use of integrase inhibitor at time of CDI 3.85 (1.40-10.60) .009

CDI: C. difficile infection; PCP: Pneumocystis pneumonia; CMV: cytomegalovirus; COPD: chronic obstructive pulmonary disease; PPIl: proton pump inhibi-
tor; NNRTI: non-nucleoside reverse transcriptase inhibitor; NRTI: nucleoside reverse transcriptase inhibitor.

2All values given as odds ratio (95% confidence interval).

Table 3. Multivariable model for acquisition of Clostridium difficile
infection with HIV.

Variable B coefficient? p
Exposure to antimicrobials 2.57+0.67 <.001
Number of hospitalizations in the 1.39+0.41 .001
preceding year

Exposure to PPls -0.74+0.88 4
CD4 count <200 cells/uL -0.87+£0.97 .369
CD4 <200 cells/pL + PPl exposure 346+ 1.67 .039

PPIs: proton pump inhibitors.
2All values given as B3 coefficient + standard error.

in the modern era, when both strains of C. difficile and control
of HIV have changed. Our data revealed a similarly high inci-
dence rate of CDI cases in HIV patients as that reported by
Haines et al.!3 This likely reflects increased prevalence and
virulence of the disease in the general population.

This study re-demonstrated the increased risk of CDI in
patients with prior antibiotic and hospital exposure, a finding
that has held true in HIV- and non-HIV-infected populations.
The data also showed an interaction between CD4 <200 and
PPI use. Prior studies have found CD4 counts <50 to be a
risk factor for CDI, and higher CD4 counts were protective.

The interaction between CD4 count <200 and PPI use
resulting in a 15.17-fold increased odds of CDI is notable.

One hypothesis for this finding is that acid suppression
allows a greater bacterial load to pass through the stomach,
either by increasing counts of C. difficile itself or by increas-
ing other bacterial species that disrupt the gut microbiota,
and that deranged cellular and humoral immunity fails to
prevent an infection.? Since we did not observe an increased
risk with each variable in isolation, it is possible that either
factor alone is not enough to cause an infection but that both
together overwhelm the host defenses. Alternatively, it is
possible that the incidence of CDI was too low to see more
subtle independent associations, and a larger study would
have more power to better tease apart these relationships. In
prior studies, older age, use of antibiotics after diagnosis, use
of PPIs, and strain of C. difficile were the most frequent risk
factors for recurrence.'® A larger sample would be needed to
see whether this was true in our population as well.
Although this study showed an intriguing result, it had
limitations. Due to the low frequency of CDI in our popula-
tion, a case—control study was undertaken instead of a cohort
study, which may have been more informative with respect
to assessing risk associated with a given variable. We were
not able to evaluate severe and recurrent disease due to low
sample size of CDI. Although hospital- and community-
acquired cases of CDI were included, there were too few
samples to consider them separately. The serotypes of C. dif-
ficile were not tested but could give insight into whether
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more virulent strains of C. difficile contributed to lower inci-
dence of infection. Additionally, previous studies have noted
associations between hypoalbuminemia and hypogamma-
globulinemia with CDI, but since these are not routinely
checked on our patient population, these markers were una-
ble to be examined in much detail.!” Our study did note that
patients with higher serum albumin were less likely to have
contracted CDI, but the lack of statistical significance and
significant number of missing values limited our ability to
study this further.

In summary, this study demonstrated an increased risk of
CDI associated with PPI use and CD4 count <200, in addi-
tion to previously known risk factors of antimicrobial use
and frequent hospital exposure. These findings suggest new
potential intervention targets to decrease risk of CDI in this
population.
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