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Clostridioides difficile infection (CDI)

•The most common 
hospital-acquired infection in the 
USA and the leading cause of 
death due to gastroenteritis1,2

•Only 2 antibiotics recommended 
as treatment3

• Oral vancomycin serves as current 
mainstay of therapy
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2019.



Vancomycin role in CDI

•Culture and susceptibility testing not routinely conducted 
for C. difficile in clinical practice 

•Minimum inhibitory concentration (MIC) of > 2 mg/L 
considered vancomycin non-susceptible1,2

Hypothesis: Increases in vancomycin use applies a 
selective pressure expediting resistance development
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Previous surveillance studies 
• Vancomycin non-susceptible isolates: 0% - 39.1% 
• Timeframe: 2011 - 2022



•SA1: Epidemiology of vancomycin non-susceptibility

•SA2: Impact of vancomycin non-susceptibility on patient outcomes
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Specific Aims



Methods: laboratory

• Multicenter cohort study – 2 unique hospital systems within Greater Houston Area

• Adult patients with CDI between 2016 – 2021
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Methods: cohort selection

• Epidemiology cohort: 600 isolates from biobank repository

• Patient outcome cohort: 300 isolates screened for vancomycin monotherapy

• Monotherapy defined as definitive vancomycin therapy initiated within 48H of positive 

CDI test

• Primary outcome: 30-Day sustained clinical response (no diarrhea by day 14, no 

recurrence by day 30, alive at day 30)
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Specific Aims

•SA1: Epidemiology of vancomycin non-susceptibility

•SA2: Impact of vancomycin non-susceptibility on patient outcomes
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Epidemiology of vancomycin non-susceptibility
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Ribotype
 

No. 
isolates 

MIC
50

(mg/L)
 

MIC
90

 
(mg/L)

MIC range 
(mg/L)

% NS 

All 600 2 4 0.5 - 16 29.3% 

F014-020
 111 2 2 0.5 - 8 9.9% 

F027 95 4 8 1 - 8 78.9% 

F106 69 2 4 0.5 - 16 21.7% 

F002 48 2 4 1 - 8 27.1% 

F255 32 2 4 0.5 - 4 50% 

Other 245 2 4 0.5 - 16 19.6% NS = non-susceptibility



Geometric mean MICs are increasing over time
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Specific Aims

•SA1: Epidemiology of vancomycin non-susceptibility

•SA2: Impact of vancomycin non-susceptibility on patient outcomes
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Patient outcome cohort demographics (n=300)

• Male: 71.6% (215/300)

• Mean age: 67 years (18 – 95)

• Race: White 67.6% (203/300)

• Initial Episode: 72.3% (217/300)
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Patient Characteristics
Vancomycin Susceptible 

(n=198)

Vancomycin 
Non-susceptible

 (n= 102)
P value

Male 89 (45%) 42 (41%) 0.533

Age, years (median, IQR) 67 (47 - 87) 70 (50 - 89) 0.100

Charlson Comorbidity Index (median, IQR) 5 (2 – 8) 5 (2 – 8) 0.365

Comorbidities
   Chronic heart failure
   Chronic pulmonary disease
   Chronic liver disease
   Chronic kidney disease
   Diabetes mellitus 
   Hx of cerebrovascular accident
   Hx of solid organ transplant
   Hx of hematopoetic stem-cell transplant
   GERD
   Other chronic diarrheal diseases 

33 (16.7%)
46 (23.2%)
48 (24.2%)
68 (34.3%)
79 (39.9%)
38 (19.2%)
20 (10.1%)

4 (2.0%)
42 (21.2%)
27 (13.6%)

29 (28.4%)
29 (28.4%)
28 (27.5%)
34 (33.3%)
33 (32.4%)
12 (11.8%)

8 (7.8%)
2 (2.0%)

18 (17.6%)
10 (9.8%)

0.017
0.288
0.545
0.861
0.201
0.102
0.524
0.972
0.465
0.339

Community Hospital
Hospital system 1
Hospital system 2

85 (42.9%)
136 (68.7%)
62 (31.3%)

52 (51.0%)
78 (76.5%)
24 (23.5%)

0.185
0.158
0.158
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Clinical Characteristics
Vancomycin Susceptible 

(n=198)

Vancomycin 
Non-susceptible 

(n= 102)
P value

Initial Episode 146 (73.7%) 70 (68.65) 0.449

>2 Episode
   Prior episode within 30d
   Prior episode within 30 – 90d

11 (5.6%)
13 (6.6%)

11 (10.8%)
6 (5.9%)

0.099
0.818

CDI classification
   Community onset
   Healthcare-associated community onset
   Healthcare onset

60 (30.3%)
49 (24.7%)
89 (44.9%)

23 (22.5%)
30 (29.4%)
49 (48.0%)

0.155
0.385
0.611

2018 IDSA severity index
   Non-severe
   Severe
   Fulminant

98 (49.5%)
90 (45.5%)
10 (5.1%)

57 (55.9%)
40 (39.2%)

5 (4.9%)

0.294
0.302
0.955

ICU within 48h of diagnosis 43 (21.7%) 26 (25.5%) 0.462

Previous oral vancomycin use¥ 16 (8.1%) 17 (16.7%) 0.024

Days of oral vancomycin therapy (median) 14 14 0.809

Recommended oral vancomycin dose€ 153 (77.3%) 69 (67.6%) 0.071
¥90 days prior to current CDI diagnosis; €125 mg four times daily 



Vancomycin non-susceptibility was present in most of 
the common circulating ribotypes
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Ribotype Non-susceptible (no.) Total (no.) % NS

F027 41 53 77.4

FP310 5 7 71.4

F255 9 14 64.3

F106 11 31 35.5

F002 8 24 33.3

F087 2 7 28.6

FP502 2 9 22.2

F014-020 5 45 11.1

F001 1 10 10.0

F054 0 7 0.0

All others 12 78 15.4
NS = non-susceptibility



In patients with severe/fulminant disease, 30-day sustained clinical response 
decreased significantly in patients with non-susceptible strains

P=0.83 P=0.008 P=0.025

Results were confirmed with multivariable regression analysis controlling for patient co-morbid conditions

% % %

%
%

%
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P=0.920 P=0.017 P=0.067

Results were confirmed with multivariable regression analysis controlling for patient co-morbid conditions

%

% % %
%

%

In patients with severe/fulminant disease, 90-day sustained clinical response 
decreased significantly in patients with non-susceptible strains



Conclusions

• Vancomycin non-susceptible strains are common (29.3%, 176/600)

• Non-susceptibility is most common within ribotype F027 (78.9%, 75/95) 

• There is an observed increase in vancomycin MIC over time

• In patients with severe and fulminant disease, 30- and 90-day 
sustained clinical response is significantly lower in patients with 
non-susceptible strains
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Next steps & future directions

•Identify risk factors driving vancomycin non-susceptibility

•Characterize mutations within the vanG operon

•Describe vanG expression via qPCR

•Investigate clinical outcomes associated with vanG expression
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