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Abstract

Background Clostridium difficile (CD) infection (CDI)
causes marked morbidity and mortality, accounting for
large healthcare expenditures annually. Current CDI
treatment guidelines focus on clinical markers of patient
severity to determine the preferred antibiotic regimen of
metronidazole versus vancomycin. The antimicrobial
resistance patterns for patients with CD are currently
unknown.

Aim The aim of this study was to define the antimicrobial
resistance patterns for CD.

Methods This study included all patients with stools sent
for CD testing to a private laboratory (DRG Laboratory,
Alpharetta, Georgia) in a 6-month period from across the
USA. Patient data was de-identified, with only age, gender,
and zip-code available per laboratory protocol. All samples
underwent PCR testing followed by hybridization for CD
toxin regions A and B. Only patients with CD-positive
PCR were analyzed. Antimicrobial resistance testing using
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stool genomic DNA evaluated presence of imidazole- and
vancomycin-resistant genes using multiplex PCR gene
detection.

Results Of 2743, 288 (10.5%) stool samples were positive
for CD. Six were excluded per protocol. Of 282, 193
(69.4%) were women, and average age was 49.4 £+ 18.7
years. Of 282, 62 were PCR positive for toxins A and B,
160 for toxin A positive alone, and 60 for toxin B positive
alone. Antimicrobial resistance testing revealed 134/282
(47.5%) patients resistant to imidazole, 17 (6.1%) resistant
to vancomycin, and 9 (3.2%) resistant to imidazole and
vancomycin.

Conclusions CD-positive patients with presence of imi-
dazole-resistant genes from stool DNA extract was a
common phenomenon, while vancomycin resistance was
uncommon. Similar to treatment of other infections,
antimicrobial resistance testing should play a role in CDI
clinical decision-making algorithms to enable more expe-
dited and cost-effective delivery of patient care.

Keywords Clostridium difficile - Infection - Treatment -
Antimicrobial resistance

Introduction

Clostridium difficile (CD) was first reported as a major
cause of infectious diarrhea in 1978 [1]. Beginning in 2000,
the incidence of CD infection (CDI) has risen rapidly in
North America [2, 3]. The rising incidence of CDI has been
further compounded by the emergence of a hyper-virulent
strain of CD identified as the NAP1/BI/027 strain (North
American pulsed-field gel electrophoresis type 1 by pulsed-
field gel electrophoresis; group BI by restriction endonu-
clease analysis; and ribotype 027), often associated with
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more severe CDI [4, 5]. There were an estimated 453,000
cases of CDI annually by 2011 in the United States of
America (USA), with approximately 83,000 cases classi-
fied as first recurrence [6]. CDI is responsible for
substantial morbidity and is the leading cause of gas-
troenteritis-associated mortality in the USA with an
attributable estimated 29,300 deaths annually [6, 7]. Fur-
ther, CDI accounts for large healthcare expenditures
annually with estimates ranging from $1.1 billion to $3.2
billion per year in the USA alone [8, 9].

Current treatment guidelines for CDI focus on clinical
markers of patient severity to determine the preferred
antibiotic regimen of metronidazole or vancomycin
[2, 10, 11]. The latest American College of Gastroen-
terology (ACG) guidelines categorize mild CDI as diarrhea
alone, while moderate CDI is diarrhea but without addi-
tional symptoms/signs classified as severe or complicated
CDI [2]. These determinants of severe CDI include serum
hypoalbuminemia (<3.0 g/dL) in conjunction with leuko-
cytosis  >15,000 cells/mm3, or abdominal tenderness
without complication [2]. Complicated CDI is defined by
the presence of at least one of the following features:
intensive care unit admission, hypotension (use of vaso-
pressor agents is not required), temperature >38.5 °C,
ileus, significant abdominal distension, mental status
changes, profound leukocytosis (WBC > 35,000 cells/
mm?>) or leukopenia (<2000 cells/mm?), elevated serum
lactate level (>2.2 mmol/L), or evidence of end organ
damage [2]. The recommended treatment for mild-to-
moderate CDI is oral metronidazole. Those with severe
CDI are recommended to be treated with oral vancomycin,
with the addition of intravenous metronidazole and
potentially vancomycin enemas if severe and complicated
CDI is present [2]. In those with recurrent CDI, the rec-
ommended treatment for the first recurrence is the same
regimen as recommended for the original therapy, unless it
is severe in which case vancomycin is preferred, with a
pulsed vancomycin regimen for second recurrence, and a
consideration for fecal microbiota transplant for third
recurrence [2].

The Infectious Disease Society of America (IDSA)
guidelines base initial treatment recommendations for CDI
solely on clinical markers to define severity using the
presence of leukocytosis (WBC > 15,000 cells/mm?) and
elevated creatinine (rise of >1.5x baseline) to differentiate
the mild-to-moderate from severe cases, and define com-
plicated CDI as the presence of hypotension or shock,
ileus, or megacolon, with the same corresponding antibi-
otic treatment recommendations as the ACG guidelines
[10].

European guidelines again recommend similar antimi-
crobial therapy selection as the ACG and IDSA guidelines.
These recommendations are again based on clinical
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markers of severity, with severe CDI being defined by at
least one marker of severe colitis, or complications
including systemic effects of CD toxin or shock, which
lead to ICU admission, colectomy, or death [11]. These
proposed clinical markers of severe colitis include physical
examination findings including temperature >38.5 °C,
respiratory failure, and signs of peritonitis; laboratory data
including leukocytosis, elevated creatinine, elevated serum
lactate, and hypoalbuminemia; endoscopic evidence of
pseudomembranes; and radiographic findings of colonic
distension.

While the focus of the outlined CDI treatment guidelines
is clinically based, current CD treatment regimens remain
suboptimal given high recurrence rates. The antimicrobial
resistance patterns for patients with CD remain unknown,
and antimicrobial resistance may play a role in the
decreased efficacy of CD treatment. The aim of this study
was to define the antimicrobial resistance patterns for CD.

Methods

The present study included all patients with stools sent for
testing for CD to a private laboratory (DRG Laboratory,
Alpharetta, Georgia) in a 6-month period (July—December,
2015). Stool samples were submitted from across the USA,
coming from both outpatient and inpatient settings, as part
of routine clinical care. Samples were collected using
sterile laboratory containers. Per laboratory protocol,
samples were rejected for testing if appropriate patient
identifying information was not provided; if the package
containing the stool specimen was leaking; or if the spec-
imen did not meet the minimum weight requirement
(20.69 g for tube with sample collected via colonoscopy;
23.29 g for patient collected tube with sample in saline
solution; and 25.96 g for patient collected tube with sample
in Cary-Blair solution). Patient data were de-identified per
laboratory protocol, with only age, gender, and zip code
available for this evaluation. There was no exclusion based
upon patient age. Institutional Review Board approval was
obtained (University of Miami, Leonard M. Miller School
of Medicine, Miami, Florida).

Samples were assigned an individual laboratory identi-
fication number and processed immediately for crude
genomic DNA extraction using EZNA® stool DNA kit
(Omega Bio-Tek, Inc. Norcross, GA). All samples then
underwent quantitation of DNA using a spectrophotometer
(Jenway 7315; Bibby Scientific US, Burlington, NJ), fol-
lowed by multiplex polymerase chain reaction (PCR)
testing (Eppendorf Mastercycler® pro, Eppendorf, Ham-
burg, Germany). Samples were then processed for
hybridization for CD toxin regions A and B and quanti-
tated using fluorescent nanoparticles (MAGPIX xMAP,
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Luminex Corporation, Austin, TX) with sensitivity 91%
(95% CI 69-98); specificity 100% (95% CI 98-100); PPV
100% (95% CI 80-100); and NPV 99% (95% CI 97-99)
[12, 13].

A sample was defined as positive if PCR testing for
toxin A or toxin B was positive and above the cutoff value
349 MFI (median fluorescent intensity). Only patients with
positive PCR for CD were included in the study analysis.
Antimicrobial resistance testing was further performed
using stool genomic DNA of a patient to evaluate for the
presence of imidazole-resistant genes (a class of antimi-
crobial agents which includes metronidazole—nimA), and
vancomycin resistant genes (vanA and vanB) using multi-
plex PCR gene detection (sensitivity 95%; specificity
99%). If a patient with one sample positive for CD had a
second sample submitted that was positive for CD during
the study period, the second sample was excluded from the
primary analysis. A per protocol subgroup analysis was
performed on the patients with two positive samples for
CD to examine any changes in toxin positivity and
patient’s antimicrobial resistance pattern.

Antimicrobial resistance patterns to imidazole and
vancomycin were established. Antimicrobial resistance
was mapped geographically using an online Google
Maps®-based mapping software [14]. Antimicrobial resis-
tance data were then examined using Spearman correlation
testing to evaluate any relationship between antimicrobial
resistance and age, gender, or the presence of a specific CD
toxin positivity pattern (toxin A positive alone, toxin B
positive alone, or toxins A and B both positive).

Results

A total of 2743 stool samples were submitted for CD testing
during the study period, of which 288 (10.5%) were positive
for CD. Of those 288 that were CD positive, six patients had a
second specimen submitted during the study period that was
positive for CD. The second specimen was excluded per
protocol, and this left a total of 282 specimens that were CD
positive and were analyzed in this study Fig. 1.

Of the 282, 193 (69.4%) samples were from female
patients with an average age of 49.4 years (standard
deviation + 18.7 years, range 1-90 years). Patient age and
gender were unavailable for four patients, and these data
points were excluded. Of 282 62 (22.0%) were PCR pos-
itive for both toxins A and B; 160 (56.7%) were positive
for toxin A alone; 60 (21.3%) were positive for toxin B
alone. Antimicrobial resistance testing revealed that 134 of
282 (47.5%) specimens were resistant to imidazole (nimA),
while only 17 of 279 (6.1%) were resistant to vancomycin
(vanA and vanB). Nine specimens (3.2%) were resistant to
both imidazole and vancomycin.

There was no statistically significant association
between antimicrobial resistance and age (imidazole:
Spearman correlation —0.049, 95% CI —0.072 to 0.17,
p = 0.41; vancomycin: Spearman correlation —0.06, 95%
CI —0.18 to 0.059, p = 0.30) nor was there a significant
association among antimicrobial resistance and gender
(imidazole: Spearman correlation —0.024, 95% CI —0.14
to 0.095, p = 0.68; vancomycin: Spearman correlation
—0.075, 95% CI —0.19 to 0.045, p = 0.21). No significant
association existed between specific toxin positivity profile
and antimicrobial resistance (imidazole: Spearman corre-
lation —0.040, 95% CI —0.079 to 0.16, p = 0.50; van-
comycin: Spearman correlation —0.0012, 95% CI —0.12 to
0.12, p = 0.98).

Geographic mapping of specimens with CD was per-
formed, as well as mapping for antimicrobial resistance
Fig. 2. Regional antimicrobial resistance rates were cal-
culated and stratified by geographic region based on the
first digit of the zip code Table 1. Five specimens had no
zip code. A majority of the CD-positive specimens were
clustered in the southeastern USA and the mid-Atlantic
region with some extension into the northeastern USA, in
general accordance with the pattern of all specimens sub-
mitted. The imidazole resistance pattern followed the
general distribution of CD-positive specimens. The van-
comycin resistance pattern, however, was disproportion-
ately highest in the northeastern USA. This did not follow
the overall distribution pattern for CD-positive cases.

Per protocol subgroup analysis of the six patients with
two positive samples revealed that one patient was initially
positive for both toxins A and B but was only positive for
toxin A in the second sample. Three patients were only
positive for toxin A and had the same results in the second
sample, and two patients who were only positive for toxin
A in the first sample eventually developed both toxins A
and B. Only one of the six patients was resistant to imi-
dazole initially. Imidazole resistance in this sample per-
sisted in addition to the development of imidazole
resistance in two additional patients. None of the patients
had vancomycin resistance initially, while one developed
resistance to vancomycin in the second sample. No patients
in the subgroup had resistance to both imidazole and
vancomycin.

Discussion

The 10.5% prevalence of CD in stool samples submitted
for testing in our study was consistent with the reported
rate in the one prior study from a developed country of
11.4% [15]. CD-positive patients with presence of imida-
zole-resistant genes from stool DNA extract was a com-
mon phenomenon in our study (47.5%), while finding
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Fig. 1 Flow diagram of stool
samples submitted for CDI
testing
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testing
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vancomycin

vancomycin-resistant genes was uncommon (6.1%). This
high level of antimicrobial resistance to imidazole in
patients may explain an increased treatment failure rate in
those receiving metronidazole as first-line therapy for CDI.
A 2005 prospective observational study of 207 patients
with CDI who were treated with metronidazole demon-
strated that 22% of patients did not respond to metron-
idazole by 9 days of therapy, and 28% of patients
developed recurrent CDI within 90 days of metronidazole
treatment [16]. These results showing a combined 50%
treatment failure or recurrence rate with metronidazole are
in accordance with our 47.5% metronidazole resistance
rate. Further, in a 2014 phase 3 multinational study by
Johnson et al. [17] comparing tolevamer, a high molecular
weight polymer that binds CD toxin, to metronidazole and
vancomycin for patients with CDI revealed clinical success
with metronidazole of 66.3% in comparison with 78.5%
with vancomycin (p = 0.059). Johnson et al. were limited
by the inclusion of all patients with CDI regardless of
disease severity with the exception of those with fulminant
CDI or acute, life-threatening illness, but perhaps this
better reflects the general population and reaffirms our
similar rates of vancomycin and metronidazole antimicro-
bial resistance. It remains unknown whether dose escala-
tion may be able to overcome resistance to vancomycin for
CDI at this time.

Our study contradicts the results of two prior smaller
laboratory-based studies performed in 1999 showing low or
no rates of CD resistance to metronidazole; however, these
studies pre-date the rapid rise of CDI since 2003 [18, 19].
More recently, Baines et al. [20] demonstrated a reduced
susceptibility of CDI to metronidazole in 24.4% of patients
specifically with the 001 strain of CD, whereas there was
no reduction in metronidazole susceptibility in patients
with the 106 and 027 (NAP1/BI/027) strains of CD.
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Perhaps our findings indicate an emerging pattern of
metronidazole resistance over time, or may be a conse-
quence of prior metronidazole exposure, which is unknown
in our study population. Further, while metronidazole
resistance patterns geographically followed general CD
positivity, the discordance seen geographically of van-
comycin resistance may indicate an emerging trend
regionally as vancomycin usage continues to rise for
treatment of CDI.

In a study by Kamboj et al. of 102 patients with
repeated episodes of CDI, 88% of those with a second
episode within 8 weeks of the index episode were found
to have the same CD strain accounting for both episodes.
Even after 8 weeks, the relapse rate with the same strain
accounting for both episodes still remained elevated at
65% as opposed to infection with a second CD strain
[21]. Our per protocol subgroup analysis of the 6
patients with two CD-positive samples revealed new
development of imidazole resistance in two and new
development of vancomycin resistance in one. In total,
50% of the patients in this subgroup had new develop-
ment of antimicrobial resistance in the second specimen.
These findings, though limited in number, may further
shed light into the pathogenesis of treatment failures and
clinical relapses.

Similar to the treatment of other infections, antimicro-
bial resistance testing should play a pivotal role in CDI
clinical decision-making algorithms. For example, in the
treatment of catheter-related bloodstream infections, broad
spectrum antibiotics are recommended by IDSA guidelines
first, followed by tailoring of antibiotic therapy once a
specific organism is identified and antimicrobial sensitivity
analysis is performed [22]. Further, the results of our
mapping of antimicrobial resistance showed regional
variability which may impact clinical success rates of CDI
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Fig. 2 Map showing distribution of all specimens submitted for CD
testing (a); distribution of CD-positive specimens in accordance with
the pattern of all specimens submitted (b); imidazole resistance
pattern following the general distribution of CD-positive cases (c);

treatment. Future studies should evaluate the clinical utility
of antimicrobial resistance testing of CD taking into
account clinical data, which may eventually lead to a
paradigm shift in practice guidelines for CDI treatment if
non-response rates rise.

Our study is limited by a lack of clinical data for the
patients including risk factors for CDI, first episode versus

S
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, GEORGIA
L

ouston

Gulf of
Mexico

and vancomycin resistance pattern not following overall distribution
of CD-positive specimens with highest resistance in the northeastern
USA when examining regions with 10+ CD-positive specimens (d)

recurrence of CDI as well as clinically symptomatology,
prior antibiotic treatment experience or response to ther-
apy, clinical markers of severity, and potential comorbid
conditions. Clinical disposition based on CDI testing
results and potential response to antibiotic therapy was
unavailable based on the lack of clinical data. Further, C.
difficile subtyping for specific strains such as the NAP1/Bl/
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Fig. 2 continued

027 strain was not performed per protocol but could add
further potential data in future studies for clinical or
pathological correlations with antimicrobial resistance.
Given unknown clinical symptomatology, active CDI is
unable to be distinguished from asymptomatic carriage of
CD; however, it is likely that stool samples were obtained
only from symptomatic patients. Given that the stool
sample is preserved in a liquid format prior to testing, we
are unable to confirm that all patients with samples sub-
mitted for testing have clinical evidence of diarrhea at the

@ Springer

time of testing. These limitations, however, are to be
expected in a referral laboratory-based study. While this
may limit the widespread applicability of our study, our
results underscore the need for individual laboratories and
centers to determine an antibiogram for their population
and to perform individualized testing of patient stool
samples of CD for antimicrobial resistance. This will assist
in guidance of therapy and hopefully minimize CDI
recurrence. Future prospective studies should examine the
clinical impact of antimicrobial sensitivity testing on
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Table 1 CD antimicrobial resistance rates grouped by zip code region Ist digit, organized by number of CD-positive specimens
Zip code region st Total CD-positive Imidazole-resistant Imidazole Vancomycin-resistant Vancomycin

digit (states) specimens (n, %total) specimens (1)

resistance (%) specimens (1) resistance (%)

2 (DC, MD, NC, SC, 94 (33.9%) 45 47.90 4 4.30
VA, WV)

3 (AL, FL, GA, MS, 67 (24.2%) 40 59.70 4 6.00
TN)

0 (CT, MA, ME, NH, 40 (14.4%) 19 47.50 3 7.50
NJ, Rl)

1 (DE, NY, PA) 38 (13.7%) 12 31.60 2 5.30

9 (AK, CA, HI, OR, 12 (4.3%) 5 41.70 0.00
WA)

7 (AR, LA, OK, TX) 10 (3.6%) 2 20.00 0.00

4 (IN, KY, M1, OH) 7 (2.5%) 28.60 2 28.60

5 (IA, MN, MT, ND, 3 (1.1%) 3 100.00 0.00
%))

6 (IL, KS, MO, NE) 3 (1.1%) 2 66.70 1 33.30

8 (AZ, CO, ID, NM, 3 (1.1%) 2 66.70 1 33.30
NV, UT, WY)

Zip code unavailable for five CD-positive specimens

success and relapse rates of antibiotic treatment regimens  References

for CDI.

Conclusion

CDI is an increasingly common, severe, and costly dis-
ease. Current guidelines use clinical markers of severity
for determination of antibiotic selection. There was,
however, a high rate of metronidazole resistance in CD-
positive stool samples examined in our study. Based on
our findings, a potential shift away from solely clinically
based antimicrobial selection for CDI should be consid-
ered to enable more expedited and cost-effective delivery
of patient care.
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