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Abstract

Thirty-year-old observations report frequent asymptomatic Clostridium difficile 
carriage among cystic fibrosis (CF) patients. In this case-control study, we found 
more carriers among CF patients than controls (47% versus 11%), but most strains 
carried by CF patients were non-toxigenic (77% versus 17%). Among CF patients, 
carriers were younger with more-severe pulmonary disease than non-carriers. Strains 
belonged to multiple PCR-ribotypes, suggesting that these CF patients did not 
acquire strains from each other.

Clostridium difficile infection (CDI) is an important cause of diarrhea and colitis. The 
most important risk factors  are exposure to healthcare institutions and the use of 
antibiotics. Other associated factors are advanced age, severe comorbidity, 
decreased humoral immunity against C. difficile toxins and the use of proton pump 
inhibitors. Intestinal colonization with C. difficile may lead to disease, but also to 
asymptomatic carriage. The role of asymptomatic carriers in the spread of CDI is 
unclear as yet [1], as is the reason why some become carriers and others develop 
disease.
 Several studies have suggested that patients with cystic fibrosis (CF) are often 
asymptomatic carriers of C. difficile [2-4], not surprising given their frequent use of 
antibiotics and exposure to hospitals. However, these observations were made in the 
1980s, when the incidence of CDI was lower than now and epidemic strains such as 
PCR ribotype 027 had not yet emerged. Furthermore, the strains CF patients carry 
have not been characterized with molecular methods and predictors of C. difficile 
carriage among CF patients have not been investigated. Lastly, why CF patients 
apparently seldom develop disease remains unclear. Filling in these knowledge gaps 
may provide insight in CDI epidemiology and pathogenesis and have implications for 
infection prevention. In this case-control study, we sought to confirm earlier 
observations of frequent C. difficile carriage in CF patients, to characterize their C. 
difficile strains using molecular methods, to compare the aforementioned risk factors 
for CDI in this group with a control group and to identify predictors of C. difficile 
carriage in CF patients.
 From June 2012 through November 2012, all adult CF patients monitored at 
Erasmus Medical Center, Rotterdam, a national CF center, were asked to participate 
in the study.  The only exclusion criterion was failure to give informed consent. 
Inpatients submitted a stool sample on the ward, which was transported to Leiden 
University Medical Center the same day. Outpatients sent a stool sample by mail, 
which usually arrived the next day. Stool samples were cultured for C. difficile using 
selective media and the alcohol shock method [5]. Strains were characterized by 
PCR-ribotyping [6] and PCRs for toxin genes (TcdA, TcdB and binary toxin genes 
CdtA and CdtB) [5, 7, 8]. Patients described their bowel movements in a diary [9]. 
Clinical and epidemiological information was collected from patient charts. 
As controls, we asked all patients present on 10 separate days between March 1st 
2011 and September 30th 2011 on the internal medicine ward of Bronovo Hospital, 
The Hague, a general hospital with 815 beds, to participate in the study.
 The distributions of continuous variables were compared using a Mann-Whitney 
U test.  Pulmonary function test results were log-normalized for comparison and 
compared by t test. For associations between categorical variables, odds ratios 
(ORs) with 95% confidence intervals (95% CI) were calculated. IBM SPSS Statistics 
20.0 software was used for the calculations.
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colonic mucus or microbiome [14], non-toxigenic strains can colonize CF patients 
more efficiently than non-CF patients. The questions remain how non-toxigenic C. 
difficile strains can establish durable colonization in CF patients, and whether other 
factors than colonization by non-toxigenic strains protect CF patients from CDI.
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Fifty-five CF patients and 108 controls submitted a stool sample. Twenty-six (47%) of 
CF patients were carriers versus 12 (11%) of controls (OR: 7.17; 95% CI: 3.22 – 16). 
Only 6 (23%) strains from CF patients were toxigenic, contrary to 10 (83%) strains 
from controls. Strains in both groups belonged to various PCR ribotypes (CF patients: 
009, 010 (7 patients), 012 (2), 035, 039 (5), 046, 078, 097, 140, 151, 169, 207, unknown 
(3); controls: 018, 026, 043, 054, 076 (2), 081, 140, 142, unknown (2), 1 strain was not 
available). In only two strains, belonging to PCR ribotype 078 and an unknown 
ribotype, both from CF patients, genes for binary toxin were present.
 None of 36 carriers had diarrhea (a mean of three watery bowel movements 
during three consecutive days), as opposed to five of 115 non-carriers; information 
was incomplete in 12 patients. 
 Among controls, the only statistically significant association was heart failure as 
defined in the Charlson comorbidity index [10] (Table 1). 
 CF patients had received more antibiotics than controls. Among CF patients, 
surprisingly, carriers were younger than non-carriers (Table 2). Also, carriers had 
worse pulmonary function parameters. Carriage was associated with severe (class I) 
mutations in the CFTR gene. Continuous variables were dichotomized using the 
median of the whole population as a cut-off. Because of an inverse relationship 
between age and pulmonary function, the odds ratios for pulmonary function 
parameters were adjusted for age by logistic regression analysis to correct for 
confounding. Age under 31 and FEV1 under 65% of predicted were significantly 
associated with carriage.
 Strengths of this study were the detailed data, including daily defined antibiotic doses, 
pulmonary function tests and CFTR mutations, and the molecular characterization of  
C. difficile strains. A weakness of this study is the small number of patients. Furthermore, 
a comparison of CF patients with any other patient group is necessarily flawed 
because of differences in age and comorbidities. We tried to compensate for this by 
detailed documentation of risk factors for C. difficile carriage. 
 In the three studies from the 1980s, carriage rate among CF patients receiving 
antibiotics ranged from 22% to 50% versus 0% among those not receiving antibiotics 
[2-4]. Most of the colonized patients did not have diarrhea. Our finding of a high 
asymptomatic carriage rate is compatible with these studies, but only one study 
found a similarly low proportion of toxigenic strains. The association between carriage 
and more-severe pulmonary disease can probably be explained by higher antibiotic 
consumption. The association with younger age might tentatively be explained by a 
higher exposure to (non-toxigenic) strains circulating in the community.
 Colonization with non-toxigenic C. difficile may protect against colonization with 
toxigenic strains [11] and may partially explain why CF patients seldom develop 
disease. Non-toxigenic strains might be less efficient at establishing long-term 
carriage than toxigenic C. difficile [12, 13]. We hypothesize that, due to differences in 



58 | Chapter 3 Carriage of C. difficile in cystic fibrosis | 59

Ta
b

le
 1

  C
ha

ra
ct

er
is

tic
s 

of
 C

. d
iffi

ci
le

 c
ar

rie
rs

 a
nd

 n
on

-c
ar

rie
rs

 a
m

on
g 

co
nt

ro
ls

.

C
ar

ria
g

e
N

o 
ca

rr
ia

g
e

C
on

tin
uo

us
 v

ar
ia

bl
es

N
M

ed
ia

n
IQ

R
N

M
ed

ia
n

IQ
R

P

A
ge

 [y
ea

rs
]

12
76

69
 –

 8
3

96
70

56
 –

 8
2

0.
25

7

To
ta

l d
efi

ne
d 

da
ily

 d
os

es
 o

f a
nt

ib
io

tic
s 

co
ns

um
ed

 in
  

th
e 

pr
ev

io
us

 3
 m

on
th

s
7

0
0 

– 
7

81
0

0 
– 

4
0.

64
8

C
ha

rls
on

 c
om

or
bi

di
ty

 in
de

x
12

3
0 

– 
4

96
2

0 
– 

3
0.

53
1

D
ur

at
io

n 
of

 c
ur

re
nt

 a
dm

is
si

on
 [d

ay
s]

12
5

3 
– 

7
95

4
2 

– 
6

0.
18

6

C
at

eg
or

ic
al

 v
ar

ia
bl

es
N

%
N

%
O

R
95

%
C

I

M
al

e 
se

x
12

42
 9

6
48

0.
78

0.
23

 –
 2

.6
2

U
se

 o
f a

nt
ib

io
tic

s 
in

 th
e 

pr
ev

io
us

 3
 m

on
th

s
12

67
 9

6
44

2.
57

0.
73

 –
 9

.1
2

U
se

 o
f c

ef
ta

zi
di

m
e 

in
 th

e 
pr

ev
io

us
 3

 m
on

th
s

12
8

96
1

8.
64

0.
51

 - 
14

8

U
se

 o
f c

ip
ro

flo
xa

ci
ne

 in
 th

e 
pr

ev
io

us
 3

 m
on

th
s

12
33

 9
3

15
2.

82
0.

75
 –

 1
1

U
se

 o
f a

ny
 im

m
un

os
up

pr
es

sa
nt

 in
 th

e 
pr

ev
io

us
 3

 m
on

th
s

12
17

 9
5

19
0.

86
0.

17
 –

 4
.2

5

U
se

 o
f p

ro
to

n 
pu

m
p 

in
hi

bi
to

r i
n 

th
e 

pr
ev

io
us

 3
 m

on
th

s
12

50
96

58
0.

71
0.

22
 –

 2
.3

7

H
os

pi
ta

l a
dm

is
si

on
 in

 th
e 

pr
ev

io
us

 3
 m

on
th

s
12

33
 9

6
20

2.
03

0.
55

 –
 7

.4
4

C
om

or
bi

di
ty

 a
s 

de
fin

ed
 b

y 
C

ha
rls

on
 in

de
x:

H
is

to
ry

 o
f m

yo
ca

rd
ia

l i
nf

ar
ct

io
n

12
25

96
15

1.
95

0.
47

 –
 8

.1
1

C
on

ge
st

iv
e 

he
ar

t f
ai

lu
re

12
42

 9
6

14
4.

56
1.

26
 –

 1
7

Pe
rip

he
ra

l v
as

cu
la

r d
is

ea
se

12
8

96
5

1.
66

0.
18

 –
 1

5

C
er

eb
ro

va
sc

ul
ar

 d
is

ea
se

12
8

96
9

0.
88

0.
10

 –
 7

.6
1

D
em

en
tia

12
0

96
2

C
hr

on
ic

 p
ul

m
on

ar
y 

di
se

as
e

12
25

96
15

1.
95

0.
47

 –
 8

.1
1

R
he

um
at

ol
og

ic
 d

is
ea

se
12

0
96

3

Pe
pt

ic
 u

lc
er

 d
is

ea
se

12
0

96
4

D
ia

be
te

s 
m

el
lit

us
 w

ith
ou

t m
ic

ro
va

sc
ul

ar
 d

is
ea

se
12

17
95

22
0.

71
0.

14
 –

 3
.4

7

D
ia

be
te

s 
m

el
lit

us
 w

ith
 m

ic
ro

va
sc

ul
ar

 d
is

ea
se

12
8

96
4

2.
09

0.
21

 –
 2

0

H
em

ip
le

gi
a 

or
 p

ar
ap

le
gi

a
12

0
95

1

R
en

al
 d

is
ea

se
12

8
96

10
0.

78
0.

09
 –

 6
.7

1

N
on

-h
em

at
ol

og
ic

 m
al

ig
na

nc
y

12
0

96
24

Le
uk

em
ia

12
8

96
0

Ly
m

ph
om

a
12

8
96

2
4.

27
0.

36
 –

 5
1

Li
ve

r c
irr

ho
si

s 
w

ith
 p

or
ta

l h
yp

er
te

ns
io

n 
or

 h
ep

at
ic

 
co

m
a

12
17

96
0

M
et

as
ta

si
ze

d 
no

n-
he

m
at

ol
og

ic
 m

al
ig

na
nc

y
12

0
96

13

H
IV

 in
fe

ct
io

n
12

0
96

0

N
 =

 n
um

be
r 

of
 p

at
ie

nt
s 

fo
r 

w
ho

m
 i

nf
or

m
at

io
n 

w
as

 a
va

ila
bl

e.
 I

Q
R

 =
 i

nt
er

qu
ar

til
e 

ra
ng

e.
 O

R
 =

 o
dd

s 
ra

tio
. 

R
es

ul
ts

 p
rin

te
d 

in
 b

ol
df

ac
e 

ha
ve

 r
ea

ch
ed

 s
ta

tis
tic

al
 

si
gn

ifi
ca

nc
e 

(P
 <

 0
.0

5)
.



60 | Chapter 3 Carriage of C. difficile in cystic fibrosis | 61

Ta
b

le
 2

  C
ha

ra
ct

er
is

tic
s 

of
 C

. d
iffi

ci
le

 c
ar

rie
rs

 a
nd

 n
on

-c
ar

rie
rs

 a
m

on
g 

cy
st

ic
 fi

br
os

is
 p

at
ie

nt
s

C
ar

ria
g

e
N

o 
ca

rr
ia

g
e

C
on

tin
uo

us
 v

ar
ia

bl
es

N
M

ed
ia

n
IQ

R
N

M
ed

ia
n

IQ
R

P

A
ge

26
26

21
 –

 3
9

29
35

26
 –

 4
5

0.
06

6

To
ta

l d
efi

ne
d 

da
ily

 d
os

es
 o

f a
nt

ib
io

tic
s 

co
ns

um
ed

 in
 th

e 
pr

ev
io

us
 3

 m
on

th
s

22
75

45
 –

 9
0

25
64

0 
– 

71
0.

11
6

Fo
rc

ed
 e

xp
ira

to
ry

 fl
ow

 b
et

w
ee

n 
25

 to
 7

5%
 o

f v
ita

l c
ap

ac
ity

 
[%

 o
f p

re
di

ct
ed

]
23

16
9 

– 
52

28
29

12
 –

 5
8

0.
22

7

R
es

id
ua

l v
ol

um
e/

 to
ta

l l
un

g 
ca

pa
ci

ty
 ra

tio
 [%

 o
f p

re
di

ct
ed

]
21

11
5

84
 –

 1
46

28
91

80
 –

 1
14

0.
05

4

Fo
rc

ed
 e

xp
ira

to
ry

 v
ol

um
e 

in
 1

 s
ec

on
d 

[%
 o

f p
re

di
ct

ed
]

23
54

32
 –

 8
0

29
73

52
 –

 8
9

0.
08

5

Fo
rc

ed
 e

xp
ira

to
ry

 v
ol

um
e 

in
 1

 s
ec

on
d/

 v
ita

l c
ap

ac
ity

 ra
tio

 
[%

 o
f p

re
di

ct
ed

]
23

65
60

 –
 8

0
29

74
59

 –
 9

3
0.

37
8

C
at

eg
or

ic
al

 v
ar

ia
bl

es
N

%
N

%
O

R
95

%
C

I

A
ge

 u
nd

er
 3

1
26

62
29

53
2.

62
0.

88
 –

 7
.7

8

A
ge

 u
nd

er
 3

1,
 a

dj
us

te
d 

fo
r f

or
ce

d 
ex

pi
ra

to
ry

 v
ol

um
e 

in
 1

 
se

co
nd

 <
65

%
 o

f p
re

di
ct

ed
3.

98
1.

08
 –

 1
4.

67

Fo
rc

ed
 e

xp
ira

to
ry

 fl
ow

 b
et

w
ee

n 
25

 to
 7

5%
 o

f v
ita

l c
ap

ac
ity

 
<

23
%

 o
f p

re
di

ct
ed

23
57

28
43

1.
73

0.
57

 –
 5

.2
8

R
es

id
ua

l v
ol

um
e/

 to
ta

l l
un

g 
ca

pa
ci

ty
 ra

tio
 ≥

 9
7%

  
of

 p
re

di
ct

ed
 2

1
67

28
46

2.
31

0.
71

 –
 7

.4
5

Fo
rc

ed
 e

xp
ira

to
ry

 v
ol

um
e 

in
 1

 s
ec

on
d 

<
65

%
 o

f p
re

di
ct

ed
 2

3
65

29
38

3.
07

0.
98

 –
 9

.5
9

Fo
rc

ed
 e

xp
ira

to
ry

 v
ol

um
e 

in
 1

 s
ec

on
d 

<
65

%
 o

f p
re

di
ct

ed
, 

ad
ju

st
ed

 fo
r a

ge
 le

ss
 th

an
 3

1
4.

61
1.

25
 –

 1
7.

03

Fo
rc

ed
 e

xp
ira

to
ry

 v
ol

um
e 

in
 1

 s
ec

on
d/

 v
ita

l c
ap

ac
ity

 ra
tio

  
<

 6
9%

 o
f p

re
di

ct
ed

 2
6

54
29

38
1.

91
0.

65
 –

 5
.6

0

U
se

 o
f a

nt
ib

io
tic

s 
in

 th
e 

pr
ev

io
us

 3
 m

on
th

s
26

85
29

69
2.

48
0.

66
 –

 9
.3

1

U
se

 o
f c

ef
ta

zi
di

m
e 

in
 th

e 
pr

ev
io

us
 3

 m
on

th
s

26
19

28
4

6.
43

0.
70

 - 
59

U
se

 o
f a

zi
th

ro
m

yc
in

 in
 th

e 
pr

ev
io

us
 3

 m
on

th
s

26
73

29
48

2.
91

0.
94

 –
 9

.0
2

U
se

 o
f a

ny
 im

m
un

os
up

pr
es

sa
nt

 in
 th

e 
pr

ev
io

us
 3

 m
on

th
s

23
26

29
14

2.
21

0.
54

 –
 9

.0
1

U
se

 o
f p

ro
to

n 
pu

m
p 

in
hi

bi
to

r i
n 

th
e 

pr
ev

io
us

 3
 m

on
th

s
25

48
29

41
1.

31
0.

45
 –

 3
.8

4

A
dm

itt
ed

 to
 h

os
pi

ta
l a

t t
he

 ti
m

e 
of

 c
ol

le
ct

io
n 

of
 s

to
ol

 s
am

pl
e

26
15

29
7

2.
46

0.
41

 –
 1

4.
67

H
os

pi
ta

l a
dm

is
si

on
 in

 th
e 

pr
ev

io
us

 3
 m

on
th

s
26

12
29

7
1.

76
0.

27
 –

 1
1.

5

C
hr

on
ic

 s
in

us
iti

s
25

52
28

32
2.

29
0.

75
 –

 6
.9

8

Ex
oc

rin
e 

pa
nc

re
at

ic
 in

su
ffi

ci
en

cy
26

85
29

72
2.

10
0.

55
 –

 8
.0

1

En
do

cr
in

e 
pa

nc
re

at
ic

 in
su

ffi
ci

en
cy

26
27

29
28

0.
97

0.
29

 –
 3

.1
8

H
is

to
ry

 o
f m

ec
on

iu
m

 il
eu

s 
or

 d
is

ta
l o

bs
tru

ct
iv

e 
sy

nd
ro

m
e

26
12

29
10

1.
13

0.
21

 –
 6

.1
6

Li
ve

r c
irr

ho
si

s
26

8
29

10
0.

72
0.

11
 –

 4
.7

0

H
om

oz
yg

ou
s 

fo
r Δ

F5
08

22
50

29
48

1.
07

0.
35

 –
 3

.2
5

C
om

po
un

d 
he

te
ro

zy
go

us
 fo

r Δ
F5

08
22

41
29

38
1.

13
0.

37
 –

 3
.5

2

1 
cl

as
s 

I a
nd

 1
 c

la
ss

 II
 m

ut
at

io
n

22
18

24
4

5.
11

0.
53

 –
 5

0

1 
cl

as
s 

I a
nd

 1
 c

la
ss

 II
I m

ut
at

io
n

22
5

24
0

1 
cl

as
s 

I a
nd

 1
 c

la
ss

 V
 m

ut
at

io
n

22
5

24
0

1 
cl

as
s 

I a
nd

 s
ec

on
d 

un
kn

ow
n 

m
ut

at
io

n
22

0
25

8

A
ny

 c
la

ss
 1

 m
ut

at
io

n
22

27
25

8
4.

31
0.

77
 - 

24

2 
cl

as
s 

II 
m

ut
at

io
ns

22
50

24
63

0.
60

0.
19

 –
 1

.9
4

1 
cl

as
s 

II 
an

d 
1 

cl
as

s 
IV

 m
ut

at
io

n
22

0
24

4

1 
cl

as
s 

II 
an

d 
1 

cl
as

s 
V 

m
ut

at
io

n
22

23
24

25
0.

88
0.

23
 –

 3
.4

4

2 
cl

as
s 

IV
 m

ut
at

io
ns

22
0

24
4

N
 =

 n
um

be
r 

of
 p

at
ie

nt
s 

fo
r 

w
ho

m
 i

nf
or

m
at

io
n 

w
as

 a
va

ila
bl

e.
 I

Q
R

 =
 i

nt
er

qu
ar

til
e 

ra
ng

e.
 O

R
 =

 o
dd

s 
ra

tio
. 

R
es

ul
ts

 p
rin

te
d 

in
 b

ol
df

ac
e 

ha
ve

 r
ea

ch
ed

 s
ta

tis
tic

al
 

si
gn

ifi
ca

nc
e 

(P
 <

 0
.0

5)
.



62 | Chapter 3 Carriage of C. difficile in cystic fibrosis | 63

Reference List

1. Walker AS, Eyre DW, Wyllie DH, et al. Characterisation of Clostridium difficile hospital ward-based 
transmission using extensive epidemiological data and molecular typing. PLoS Med 2012; 9:e1001172.

2. Wu TC, McCarthy VP, Gill VJ. Isolation rate and toxigenic potential of Clostridium difficile isolates from 
patients with cystic fibrosis. J Infect Dis 1983; 148:176.

3. Peach SL, Borriello SP, Gaya H, Barclay FE, Welch AR. Asymptomatic carriage of Clostridium difficile 
in patients with cystic fibrosis. J Clin Pathol 1986; 39:1013-1018.

4. Welkon CJ, Long SS, Thompson CM, Jr., Gilligan PH. Clostridium difficile in patients with cystic fibrosis. 
Am J Dis Child 1985; 139:805-808.

5. Paltansing S, van den Berg RJ, Guseinova RA, Visser CE, van d, V, Kuijper EJ. Characteristics and 
incidence of Clostridium difficile-associated disease in The Netherlands, 2005. Clin Microbiol Infect 
2007; 13:1058-1064.

6. Bidet P, Lalande V, Salauze B, et al. Comparison of PCR-ribotyping, arbitrarily primed PCR, and 
pulsed-field gel electrophoresis for typing Clostridium difficile. J Clin Microbiol 2000; 38:2484-2487.

7. Kato H, Kato N, Watanabe K, et al. Identification of toxin A-negative, toxin B-positive Clostridium 
difficile by PCR. J Clin Microbiol 1998; 36:2178-2182.

8. Stubbs S, Rupnik M, Gibert M, Brazier J, Duerden B, Popoff M. Production of actin-specific ADP-ribo-
syltransferase (binary toxin) by strains of Clostridium difficile. FEMS Microbiol Lett 2000 May; 
186:307-312.

9. O’Donnell LJ, Virjee J, Heaton KW. Detection of pseudodiarrhoea by simple clinical assessment of 
intestinal transit rate. BMJ 1990 Feb; 300:439-440.

10. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with ICD-9-CM 
administrative databases. J Clin Epidemiol 1992; 45:613-619.

11. Wilson KH, Sheagren JN. Antagonism of toxigenic Clostridium difficile by nontoxigenic C. difficile. J 
Infect Dis 1983; 147:733-736.

12. Natarajan M, Walk ST, Young VB, Aronoff DM. A clinical and epidemiological review of non-toxigenic 
Clostridium difficile. Anaerobe 2013;22:1-5.

13. Villano SA, Seiberling M, Tatarowicz W, Monnot-Chase E, Gerding DN. Evaluation of an oral suspension 
of VP20621, spores of nontoxigenic Clostridium difficile strain M3, in healthy subjects. Antimicrob 
Agents Chemother 2012; 56:5224-5229.

14. Lynch SV, Goldfarb KC, Wild YK, Kong W, De Lisle RC, Brodie EL. Cystic fibrosis transmembrane 
conductance regulator knockout mice exhibit aberrant gastrointestinal microbiota. Gut Microbes 2013; 
4:41-47.




