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Background. Clostridioides (Clostridium) difficile colonization is common among infants. Serological sequelae of infant
C. difficile colonization are poorly understood.

Methods. In this prospective cohort study of healthy infants, stools serially collected between ages 1-2 and 9-12 months were
tested for non-toxigenic and toxigenic C. difficile (TCD). Cultured isolates underwent whole-genome sequencing. Serum collected
at 9-12 months underwent measurement of IgA, IgG, and IgM against TCD toxins A and B and neutralizing antibody (NADb) titers
against toxin B. For comparison, antitoxin IgG and NAb were measured in cord blood from 50 mothers unrelated to study infants.

Results. Among 32 infants, 16 (50%) were colonized with TCD; 12 were first colonized >1 month before serology measure-
ments. A variety of sequence types were identified, and there was evidence of putative in-home (enrolled siblings) and outpatient
clinic transmission. Infants first colonized with TCD >1 month prior had significantly greater serum antitoxin IgA and IgG against
toxins A (P = .02 for both) and B (P = .009 and .008, respectively) compared with non-TCD-colonized infants, and greater IgG
compared with unrelated cord blood (P = .005). Five of 12 (42%) colonized infants had detectable NAb titers compared with zero
non-TCD-colonized infants (P = .02). Breastfeeding was not associated with differences in serological measurements.

Conclusions. 'TCD colonization is associated with a humoral immune response against toxins A and B, with evidence of toxin
B neutralization in vitro. The extent and duration of protection against CDI later in life afforded by natural C. difficile immunization

events require further investigation.
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Clostridioides (Clostridium) difficile is a frequent cause of
community-associated and healthcare-associated gastroin-
testinal infection [1]. C. difficile infection (CDI) is the most
common US healthcare-associated infection in adults [2] and
is associated with considerable morbidity and mortality [1].
The Centers for Disease Control and Prevention has classi-
fied C. difficile among the most significant antibiotic-resistant
public health threats that require “urgent and aggressive action”
[3]. As such, novel CDI therapeutic and preventive strategies,
such as immunologic therapies, have emerged [4].

The adult immune response to C. difficile has been well de-
scribed [5]. Among hospitalized adults who become colonized
with C. difficile, those who subsequently develop CDI have
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significantly lower serum immunoglobulin (Ig)G against toxin
A compared with those who remain asymptomatic [6]. Further,
among adults who receive CDI treatment, those who develop re-
current CDI have significantly lower serum IgM against toxins
A and B 3 days postinfection and significantly lower serum IgG
against toxin A 12 days postinfection [7]. These data suggest
that the humoral immune response against C. difficile toxins
impacts the risk of CDI and recurrence. As such, bezlotoxumab,
a monoclonal antibody against toxin B, has recently been ap-
proved for recurrent CDI prevention in adults [8], and vaccines
against C. difficile toxins are in clinical development [4].

The immune response to C. difficile in infants and children,
however, has been less well studied. Although seropositivity
against C. difficile toxins occurs in some infants [9], its asso-
ciation with C. difficile exposure is unknown. Infants com-
prise a unique population with regard to CDI susceptibility.
Although C. difficile colonization in infants is highly preva-
lent, symptomatic infection in infants and toddlers younger
than 12-24 months rarely, if ever, occurs [10]. Although the
reason for age-dependent symptomatic CDI susceptibility
is unknown, theories include lack of expression of receptors
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required to bind and internalize toxins A and/or B in the intes-
tine in this age group [11], as well as age-dependent changes in
intestinal microbiota [12]. Transplacental transfer of maternal
antitoxin antibodies to infants has been proposed [13] but not
well studied. The primary objective of this prospective cohort
study was to measure the association between infant C. difficile
colonization and antitoxin seropositivity. We hypothesized that
natural colonization with toxigenic strains of C. difficile during
infancy, a developmental period during which infants are
seemingly protected against symptomatic infection following
C. difficile exposure, is associated with development of a hu-
moral immune response against C. difficile toxins. Secondarily,
we aimed to confirm the prevalence and molecular epidemi-
ology of C. difficile colonization in infants [10, 12-15].

METHODS

Setting, Subjects, and Specimens

This prospective cohort study was conducted at the Ann &
Robert H. Lurie Children’s Hospital of Chicago and Northwestern
University Feinberg School of Medicine. Institutional review
boards at both institutions approved this study, and mothers of
infant subjects provided informed consent. Healthy full-term
infants aged 2 months or younger without previous admission
to a neonatal intensive care unit were enrolled through the ge-
neral pediatrics clinic into this longitudinal observational study
between September 2014 and January 2017. Breastfeeding and
household exposure data were collected by parent interview at
study onset and study completion. Parents were requested to
provide infant stool samples at each well-child visit between en-
rollment and their first routine blood draw (approximately age
2,4, 6, and 9-12 months). Additional stools were collected at in-
tercurrent sick visits when able. To minimize subject discomfort,
serum was collected from infants at age 9-12 months concur-
rent with venipuncture performed for anemia and lead exposure
screening as part of routine preventive care. Evaluable subjects
were required to provide serum at 9-12 months. Umbilical cord
blood was collected from 50 consecutive full-term deliveries
(mothers were unrelated to study infants) at Prentice Women’s
Hospital, and serum was extracted and stored at —80°C in prep-
aration for serological studies as described below.

Microbiology and Genomics Analyses

Stools from infants were derived from soiled diapers provided
by the parents. Stool was extracted from diapers, aliquoted, and
stored at —80°C until ready for batch processing of study-related
assays. Thawed infant stool samples underwent several assays to
identify toxigenic (TCD) and nontoxigenic C. difficile (NTCD).
Stools underwent both glutamate dehydrogenase (GDH;
C. difficile common antigen) and toxin A/B enzyme immuno-
assay (EIA), as well as tcdB (toxin B gene) polymerase chain re-
action (PCR) testing. Anaerobic stool culture was performed, as
previously described [16]. A single C. difficile colony from each

culture was selected for whole-genome sequencing (WGS).
Genomic analyses are described in Supplementary Methods.
Stools were designated as TCD colonized if they were positive
for toxin EIA, tcdB PCR, and/or a cultured C. difficile isolate
whose genome contains fcdA or tcdB. Stools were designated as
NTCD colonized if they were GDH positive but toxin negative
and tcdB PCR negative and/or if a cultured C. difficile isolate did
not contain tcdA or tcdB. Thus, an infant could be classified as
co-colonized with both TCD (if the stool is fcdB PCR positive)
and NTCD (if the C. difficile colony selected from stool culture
did not contain tcdA or tcdB). Environmental cultures of the
clinic were performed after study completion (Supplementary
Methods).

Serological Assays

Serum samples were analyzed for antibody (IgG, IgA, and IgM)
concentrations to C. difficile toxins A and B by enzyme-linked
immunosorbent assay (ELISA; expressed as arbitrary ELISA
units [AU]), as previously described [6, 7, 17, 18]. Serum neu-
tralizing antibody (NAb) titers against toxin B were also deter-
mined in serum samples using a high-throughput NAb assay
with modification of a previously described procedure [19].
These assays are detailed in Supplementary Methods.

Statistics

To account for the time required to develop an antibody re-
sponse, C. difficile-colonized infants were grouped based
on whether the first colonization event was detected at least
1 month prior to serum collection. Proportions were com-
pared between groups using 2-tailed Fisher’s exact test, and me-
dians were compared between groups using the nonparametric
Wilcoxon rank sum test. We examined the association of TCD
colonization with either the highest quartile of ELISA units of
IgG against toxins A and B (compared with the lowest 3 quar-
tiles) or the presence of detectable NAD titers against toxin B
by calculating risk ratios (or risk difference if risk was zero in
a group) and using a 2-tailed Fisher’s exact test. Two-sided P
values <.05 were considered statistically significant. Analyses
were performed using Stata/IC statistical software, version 12.1
(StataCorp).

RESULTS

Infant C. difficile Colonization

Forty infants were enrolled, and 32 (80%) evaluable subjects
provided serum at 9-12 months of age (Figure 1). Subject
demographic characteristics are listed in Table 1. Figure 2A il-
lustrates C. difficile assay results from the 124 stools collected
from 32 evaluable infants. In total, 23 (72%) infants were col-
onized with C. difficile, 16 (50%) with TCD, and 12 (38%) with
NTCD; 5 infants were colonized with both TCD and NTCD
during the study period. Nine of 16 (56%) TCD-colonized in-
fants had at least 1 toxin EIA-positive stool during the study. Of
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‘ Infants Enrolled: 40

‘ Evaluable Infants: 32/40 (80%)

8 infants did not provide serum
at 9-12m old (not evaluable)

Not colonized with toxigenic
C. difficile: 16/32 (50%)

Colonized with toxigenic
C. difficile: 16/32 (50%)

7/16 colonized with nontoxigenic C. difficile

5/16 also colonized with nontoxigenic C. difficile*

Colonized with nontoxigenic
C. difficile: 12/32 (38%)*

Colonized with toxigenic or
nontoxigenic C. difficile: 23/32 (72%)*

Colonized with toxigenic

Toxigenic C. difficile first

C. difficile at least 1 mo prior
to blood draw: 12/32 (38%)

detected at time of blood
draw: 4/32 (13%)

Figure 1.

Subject flow chart. *Five infants were colonized with both TCD and NTCD during the study period, including 3 infants with evidence of TCD and NTCD in the

same stool sample (i.e., stool was tcdB PCR positive but NTCD was isolated from culture). Abbreviations: NTCD, nontoxigenic Clostridioides difficile; PCR, polymerase chain

reaction; TCD, toxigenic Clostridioides difficile.

the 16 TCD-colonized infants, 12 (75%) were colonized at least
1 month prior to the blood draw. Of the 23 infants colonized
with either TCD or NTCD, 18 (78%) were colonized at least
1 month prior to the blood draw.

Molecular Epidemiology

Infant C. difficile colonization molecular epidemiology is il-
lustrated in Figure 2B. Of 57 stools from 23 infants that were
positive by GDH EIA and/or tcdB PCR, 43 (75%) were culture
positive. All isolates were successfully sequenced, assembled,
and typed by in silico multilocus sequence typing. Phylogenetic
analysis demonstrated that strains colonizing infants clustered
with strains previously identified to cause CDI in older children
at our pediatric medical center between 2011 and 2013 [16, 20,
21] (Supplementary Figure S1). Genetically identical (0-1 single
nucleotide variants) isolates were identified among 2 pairs and a
trio of unrelated infants and 1 pair of siblings (25-month differ-
ence in age) enrolled in this study (Figure 2B). Because this sug-
gested potential transmission within the clinic (or the home in
the case of the siblings), environmental cultures of the general
pediatrics clinic were obtained and all were negative. Additional
details are described in Supplementary Results.

Serological Responses to C. difficile Colonization

At 9-12 months of age, IgG and IgA against toxins A and B
(Figure 3A), as well as toxin B NAb titers (Figure 3B) were sig-
nificantly higher among the 12 TCD-colonized infants (whose
first colonization event was at least 1 month prior) compared

with 16 non-TCD-colonized infants. TCD colonization at least
1 month prior was associated with measurement of IgG against
toxins A and B in the top quartile of the cohort (toxin A: risk
ratio [RR], 5.0; 95% confidence interval [CI], 1.2-20.9; P = .04;
toxin B: RR, 5.0; 95% CI, 1.2-20.9; P = .04), but this association
was not noted for IgA (toxin A: RR, 1.7; 95% CI, 0.5-5.5; P = .66;
toxin B: RR, 2.8; 95% CI, 0.8-9.6; P = .21). Five of 12 (42%)
TCD-colonized infants had detectable NAb titers, but none of
the 16 non-TCD-colonized infants had detectable NAb titers
(risk difference, 42%; 95% CI, 19-68%; P = .02). Differences
between TCD-colonized infants with and without detectable
NAb titers are summarized in Table 2. Detectable NAD titers
did not correlate with sequence types of the colonizing strains
(Supplementary Table S1).

Antibody responses did not significantly differ between
breastfed and nonbreastfed infants (median IgA against toxins
A [P = 43] or B [P =.83]; median IgM against toxins A [P = .51]
or B [P = .35]). Median IgG against both toxins A (11.2 AU
vs 18.8 AU, P = .06) and B (6.5 AU vs 11.0 AU, P = .26) was
lower among breastfed infants but not statistically significant.
Breastfeeding was not associated with a difference in propor-
tion of infants with detectable NAb titers (40% vs 56%, P = .65).

Detection of toxin by EIA in stool of TCD-colonized infants
was associated with a significantly higher level of IgA and IgG
against both toxins A and B and higher NAb titers compared
with non-TCD-colonized infants. There was a non-statistically
significant trend toward higher levels of antitoxin IgA and IgG,
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Table 1. Infant Demographics and Characteristics and Univariate Analysis of Factors Associated With Clostridioides difficile Colonization
Infants Without TCD Infants With TCD

Characteristic All Infants (N = 32) Colonization (n = 16) Colonization (n = 16) PValue
Male sex, no. (%) 12 (38) 8 (50) 12 (75) 27
Hispanic or Latino ethnicity, no. (%) 15 (47) 8 (50) 7 (44) 1
Born by vaginal delivery, no. (%) 27 (84) 14 (88) 13 (81) 1
Breastfeeding, no. (%) 17 (53) 9 (56) 8 (50) 1

Stopped breastfeeding before study blood draw, no. (%) 11/17 (65) 4/9 (44) 7/8 (88) 18

Median (IQR) age stopped breastfeeding, mo 4 (3, 6) 4.5 (3, 6) 4(3,7) .69
Youngest age of other children in household, no. (%) .52

<1y 0 0 0

12y 7 (22) 5 (31) 2 (13)

3-7y 12 (38) 7 (44) 5 (31)

8-12y 3(9) 1(6) 2 (13)

13-18y 4 (13) 1(6) 3(19)

No other children in household 6 (19) 2 (13) 4 (25)
Daycare with other children, no. (%) 2 (6) 0 (0) 2 (13) 48
Median (IQR) no. of stools collected from each infant 4 (3, b) 3(2,5) 4 (4, 5) .02
C. difficile colonization before 9-12 months old,* no. (%) 23 (72)

TCD colonization 16 (50)

TCD colonization (at least 1 month prior to 12 (38)

9-12 months old)

NTCD colonization 12 (38)
Median (IQR) age at first TCD colonization, mo 5(2,9)
Median (IQR) duration of TCD colonization, mo 3(1,7)

Abbreviations: IQR, interquartile range; NTCD, nontoxigenic Clostridioides difficile; PCR, polymerase chain reaction; TCD, toxigenic Clostridioides difficile.
Five infants were colonized with both TCD and NTCD during the study period, including 3 infants co-colonized with TCD and NTCD (ie, stool was tcdB PCR positive but NTCD was isolated

from culture).

and higher NAb titers, in toxin EIA-positive infants compared
with toxin EIA-negative, tcdB PCR-positive colonized infants
(Supplementary Figures S2 and S3).

To assess the potential impact of transplacental transfer
of maternal IgG against toxins A and B on infant serolog-
ical measurements, IgG in infant serum was compared with
IgG in cord blood collected from 50 consecutive deliveries of
mothers who were not related to study infants. Cord blood
IgG against both toxins A and B was similar to non-TCD-
colonized infant sera but significantly lower than sera from
infants with TCD colonization for at least 1 month duration
(Supplementary Figure S4). Neutralizing antibody titers were
detected in 9 of 50 (18%) cord blood samples, and a detect-
able NAD titer was associated with greater median antitoxin B
IgG (19.1 AU vs 7.5 AU, P < .001).

To assess infant humoral immune response against C. difficile
nontoxin antigens, we measured infant antibody responses
against nontoxin antigens using a cell lysate preparation from
an NTCD strain isolated in this study (ST-26). Median ELISA
units of IgM, IgG, and IgA against nontoxin antigens were sim-
ilar between 18 infants with TCD and/or NTCD colonization
for at least 1 month duration and 9 infants with neither TCD

nor NTCD colonization (Supplementary Figure S5).

DISCUSSION

It is well known that TCD colonization frequently occurs in
infants [10, 12-15]. Our data support these previous findings;
we identified TCD colonization in half of the infants. It is also
known that seropositivity against C. difficile toxins A and B oc-
curs in some infants [9], but its association with C. difficile ex-
posure was previously unknown. We identified an association
between infant TCD colonization and a serological response
against toxins A and B, as well as toxin B neutralizing activity.
Thus, our data suggest that natural immunization against
C. difficile toxins A and B occurs in infants following TCD colo-
nization. These data strongly support the hypothesis previously
presented by Jangi and Lamont [10], who suggested that TCD
colonization in infancy is associated with an antitoxin serolog-
ical response. Although transplacental transfer of maternal an-
titoxin antibodies to infants has been proposed to occur [13],
our data suggest that the infant humoral immune response to
C. difficile colonization is primarily responsible for the observed
serological findings rather than passive immunization from the
mother. For example, we observed significantly higher levels
of antitoxin IgG in infants with a history of TCD colonization
compared with cord blood from a cohort of unrelated mothers;
this finding would be strengthened if confirmed in a cohort
of infant-mother pairs. More importantly, we observed infant

2098 « CID 2020:70 (15 May) « Kociolek et al



A Subject

Number’

Age (months) |
5 6 7 8 9 10 | 11 | 12

Shaded/Patterned Cells Indicate Age at Stool Collection
Stool negative for C. difficile by EIA, PCR, and culture
4 o)) Stool tcdB PCR positive (toxigenic C. difficile [TCD])
Stool GDH positive but zcdB PCR negative (nontoxigenic C. difficile [NTCD])

- Age at blood draw

Age (months)

Subject
3Jals5]e6e[7[8]oJw[uln

Number | 1 2
2
4% < Il s
6 | 15 |

8 3 [3

10+

11+

12 26

13 26 | 26 26

14 N

16# 154

18 100 100

197 4 0

20

24# 154 154 154

25

27 ] 15

29 46

30

= .
32* 4

33 3

39 3
41

Shaded/Patterned Cells Indicate Age at Stool Collection
Stool culture positive for toxigenic C. difficile (Sequence type [ST] in white font)

Stool culture positive for nontoxigenic C. difficile (Sequence type [ST] in black font)
Stool culture negative but EIA/PCR suggest toxigenic C. difficile

DNomoxigenic strain isolated from #cdB PCR positive stool

(i.e., toxigenic/nontoxigenic C. difficile co-colonization)

Number |Sequence type by MLST

N Novel sequence type by MLST

#2,+ |Genetically identical (0 SN'Vs) strains among unrelated patients

* Genetically identical (1 SN'V) strains among sibling patients

Figure 2. A, Clostridioides difficile assay results from 124 serial stool specimens collected from 32 infants. Shaded/patterned cells indicate age at stool collection; blank
cells indicate no stool was collected at that age. B, Molecular epidemiology of 43 C. difficile isolates collected from 23 colonized infants. Abbreviations: EIA, enzyme immu-
noassay; MLST, multilocus sequence typing; PCR, polymerase chain reaction; SNV, single nucleotide variant.

antitoxin IgA seropositivity following TCD colonization, but
IgA is not commonly detected in high levels in cord blood [22]
(unless fetal infection occurs in utero). The lack of association
between breastfeeding and infant serological responses further
supports our conclusion that TCD colonization is responsible
for the observed infant serological findings.

For reasons yet to be definitively determined, unlike older
children and adults, infants seem to be innately protected from
clinical disease caused by C. difficile toxins [10]. Our study sup-
ports this well-established observation, as we did not observe
a CDI-like illness in any infants in our cohort despite frequent
TCD colonization and detection of toxin in stool. Although
toxin was not detected in all infants with TCD colonization,
toxin detection was associated with a trend toward higher serum
antitoxin levels. While this suggests a potential dose-dependent
antitoxin serological response, further investigation is required.

Protection against CDI provided by an antitoxin humoral
immune response has been well established in adults [5-7], and
this knowledge has guided the development of passive and active

immunization strategies for CDI prevention [4]. Identification
of NAb activity in infants following C. difficile colonization is
particularly important given the protection against CDI recur-
rence in adults following receipt of bezlotoxumab, a monoclonal
antibody that neutralizes toxin B [8]. The extent and duration
of CDI protection later in life provided by an antitoxin humoral
immune response following TCD colonization in infancy re-
mains unknown. Published pediatric CDI epidemiologic data
[23, 24] support our hypothesis that natural immunization to
toxins A and B occurs in infants following TCD colonization
and may protect against CDI until the late teenage years. There
is a bimodal distribution of CDI incidence in childhood, with
peaks in early childhood and in the late teenage years [23, 24].
The CDI incidence peak in early childhood may be related to
a large proportion of susceptible toddlers who did not experi-
ence TCD colonization in infancy; the decline of CDI incidence
in school-age children may be related to widespread protec-
tion against CDI induced by either infant TCD colonization
or CDI in early childhood, and a late teenage CDI incidence
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peak may be related to waning immunity. However, this hy- infancy/childhood and subsequent CDI prevention is impor-
pothesis requires further investigation. Further understanding  tant because of rising CDI incidence in children [25] and be-
of the association between C. difficile immunity acquired in cause infants may be a source of C. difficile exposure in adults.

Table2. Univariate Analysis of Factors Associated With Detectable Neutralizing Antibody Titers Against Toxin B in Children With Toxigenic Clostridioides
difficile Colonization for at Least 1 Month's Duration

Characteristic Detectable Toxin B NAb (n = 5) Nondetectable Toxin B NAb (n = 7) PValue
Male sex, no. (%) 3 (60) 6 (86) .52
Hispanic or Latino ethnicity, no. (%) 2 (40) 4 (57) 1
Breastfeeding, no. (%) 2 (40) 6 (86) 22

Stopped breastfeeding before study blood draw, no. (%) 2/2 (100) 5/6 (83) 1

Median age stopped breastfeeding, mo 7 8 i
Median age at first detected TCD colonization, mo 4 4 .75
Median duration of detectable TCD colonization, mo 5 5 .62
Median stool tcdB PCR cycle threshold® 23.9 25.4 42
At least 1 toxin EIA-positive stool, no. (%) 4 (80) 5(71) 1
Median antitoxin B IgG (AU) 43.0 7.8 .09
Median antitoxin B IgA (AU) 2.4 0.9 .02
N =12.

Abbreviations: AU, arbitrary ELISA units; EIA, enzyme immunoassay; lg, immunoglobulin; IQR, interquartile range; Nab, neutralizing antibody; NTCD, nontoxigenic Clostridioides difficile;
PCR, polymerase chain reaction; TCD, toxigenic Clostridioides difficile.

*The single lowest stool tcdB PCR cycle threshold value measured per patient included in this analysis.
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Infant exposure is a risk factor for community-associated CDI
in adults [26] and putative transmission from infants to adults
with CDI has been described [15].

Similar to prior studies [12-15], there were a wide variety
of TCD/NTCD strains identified in our cohort, and infants
often had persistent colonization with the same sequence type.
Using WGS, we confirmed persistent colonization with geneti-
cally identical strains. While some infants demonstrated strain
variation over time, it is unclear if host or pathogen character-
istics are predominantly responsible for strain persistence or
clearance. In general, TCD strains colonizing infants were phy-
logenetically similar to strains causing CDI in our previously
published pediatric cohort [16, 20, 21]. Of note, epidemic bi-
nary toxin-producing strains (eg, BI/NAP1/027 and BK/078)
were not identified in our infant cohort and were very un-
common in our previously published cohort of children with
CDI [16]. The relatedness of colonizing infant strains and those
causing CDI is similar to a prior study in the United Kingdom
that identified genetically related strains leading to both infant
C. difficile colonization and CDI in adults [15]. The authors sug-
gested that community reservoirs have yet to be identified. In
the present study, genetically identical isolates were identified
among siblings (25-month age difference). This most likely sug-
gests household transmission, but there may be other shared ex-
posures outside of the home. Genetically identical isolates were
identified in 2 pairs and a trio of unrelated infants, suggesting
potential outpatient clinic transmission. These infants did not
receive care on the same day or within the same clinic room
within 1 month of each other. Although clinic environmental
cultures were all negative for C. difficile, these were performed
post hoc 1-2 years after these putative transmission events.
Although routine cleaning of our outpatient clinic is done using
a nonsporicidal quaternary ammonium disinfectant, our data
do not yet support routine cleaning of clinics with a sporicidal
disinfectant.

This study has some limitations. Although, to our knowledge,
this is the largest cohort study to assess C. difficile serological re-
sponses in infants, the sample size was relatively modest. Despite
this limitation, statistical significance was demonstrated for the
primary outcome measure, which is the association between col-
onization and antitoxin antibody measurements. Baseline sero-
logical measurements and additional serological measurements
beyond our 1-year observational period would more precisely
delineate C. difficile immunity dynamics in the pediatric pop-
ulation. Although the longitudinal design permitted evaluation
of colonization dynamics, some transient colonization events
may have been missed. Stools were frozen and thawed prior to
microbiologic assays, which may have reduced the recovery of
C. difficile in some samples. However, prior data suggest that the
impact of freezing on PCR and culture is likely minimal [27].
Furthermore, because only 1 colony was selected from culture
for WGS, co-colonization with multiple sequence types may

have been missed. However, because TCD colonization was de-
termined by highly sensitive commercial tcdB PCR positivity
[28], TCD-colonized and non-TCD-colonized infants were re-
liably classified. Nontoxin antigen serological responses were
characterized using a crude nontoxin antigen preparation, and
this assay may cross-react with other non-C. difficile antigens.
Because antibodies against nontoxin antigens, as opposed to
antitoxin antibodies, may prevent C. difficile colonization, iden-
tification of immunogenic nontoxin antigens in infants is an
important area of future investigation.

In conclusion, C. difficile colonization is common in infants
and TCD colonization is associated with seropositivity against
toxins A and B and NAD titers against toxin B. While these data
suggest that this humoral response in TCD-colonized infants
is associated with toxin B neutralization in vitro, additional
studies are required to determine the extent and duration of
protection against CDI afforded by this natural C. difficile im-
munization event during childhood. This additional know-
ledge would guide our understanding of the potential public
health value of identifying children as a priority population for
C. difficile vaccine clinical trials.
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