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Epidemiology of Clostridioides difficile Infection in Portugal: A
Retrospective, Observational Study of Hospitalized Patients
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ABSTRACT

Introduction: Clostridioides difficile is the main cause of healthcare-associated diarrhea in Europe and North America. The aim of
this study was to characterize the epidemiology and clinical burden of Clostridioides difficile infection among hospitalized patients in
Portugal.

Material and Methods: Retrospective study conducted in six public hospital centers in Portugal. All primary Clostridioides difficile
infection episodes and related recurrences occurring in 2017, as well as episodes developing two to eight weeks after the last episode
diagnosed in that year, were documented. The National Reference Laboratory (National Institute of Health Dr. Ricardo Jorge) provided
national surveillance data on Clostridioides difficile infection.

Results: A total of 385 inpatients with at least one primary episode diagnosed in 2017 were included. Most patients were aged over
70 years-old (73.2%). The included patients developed 451 episodes during the observation period. Approximately 44% of primary
episodes were community-associated. Most episodes (94.9%) occurred in patients with one or more risk factors, with recent antibiotic
exposure being particularly common (86.0%). All-cause in-hospital mortality was 19.5%, being significantly higher in patients aged over
65 years-old versus those aged 18 to 64 years-old (22.4% vs 7.8%, respectively). Over 50 different ribotypes were observed among
206 Clostridioides difficile strains received by the National Reference Laboratory.

Conclusion: In Portugal, hospitalized patients with Clostridioides difficile infection are mostly older patients presenting risk factors for
the development of this infection, particularly recent antibiotic exposure. Mortality is disproportionately high among the older population.
Community-associated Clostridioides difficile infection is common among inpatients with this infection.
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RESUMO

Introducgao: Clostridioides difficile é a principal causa de diarreia nosocomial na Europa e América do Norte. Este estudo teve como
objetivo caracterizar a epidemiologia e o impacto clinico da infegao por Clostridioides difficile em doentes hospitalizados em Portugal.
Material e Métodos: Estudo retrospetivo conduzido em seis centros hospitalares publicos de Portugal. Foram documentados todos
os episoddios primarios de infegédo por Clostridioides difficile ocorridos em 2017 e consequentes recorréncias, bem como os episodios
que ocorreram entre duas a oito semanas apds o ultimo episodio diagnosticado neste ano. Os dados de vigilancia nacional de infegao
por Clostridioides difficile foram fornecidos pelo laboratério nacional de referéncia (Instituto Nacional de Saude Doutor Ricardo Jorge).
Resultados: Foram incluidos 385 doentes hospitalizados com pelo menos um episdédio primario diagnosticado em 2017. A maioria dos
doentes tinha idade igual ou superior a 70 anos (73,2%). Os doentes incluidos tiveram 451 episddios durante o periodo de observagao.
Aproximadamente 44% dos episodios primarios eram episodios de infegao por Clostridioides difficile adquirida na comunidade. A maio-
ria dos episédios (91,8%) ocorreu em doentes com um ou mais fatores de risco, sendo a exposi¢éo recente a antibiéticos particular-
mente comum (86,0%). A mortalidade hospitalar por todas as causas foi de 19,5%, sendo significativamente superior em doentes com
idade igual ou superior a 65 anos comparativamente a doentes com idade entre 18 e 64 anos (22,4% versus 7,8%, respetivamente).
Mais de 50 ribotipos diferentes foram detetados entre as 206 estirpes de Clostridioides difficile recebidas pelo laboratério nacional de
referéncia.

Conclusao: Em Portugal, doentes hospitalizados com infegéo por Clostridioides difficile sao, na sua maioria, doentes idosos com
fatores de risco para o seu desenvolvimento, particularmente exposicéo recente a antibiéticos. A mortalidade é desproporcionalmente
elevada na populagéo idosa. Episédios associados a comunidade sdo comuns em doentes hospitalizados com esta infegéo.
Palavras-chave: Clostridioides difficile; Doentes Internados, Infec¢des por Clostridium/epidemiologia; Portugal
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INTRODUCTION

Clostridioides difficile (C. difficile) is the main cause of
healthcare-associated diarrhea in Europe and North Amer-
ica, leading to substantial morbidity and mortality."? The
epidemiology of C. difficile infection (CDI) has markedly
changed since the turn of the 21t century, with pronounced
increases in incidence, severity, and mortality being noted
worldwide.®>* This epidemiologic shift has been attributed to
the emergence of a previously rare strain [hypervirulent ri-
botype (RT) 027], but which has since been associated with
large CDlI-related outbreaks of severe disease in Europe
and North America.®® In Portugal, the prevalence of this RT
was found to be 18.5% among healthcare- and community-
associated CDI isolates identified between 2010 and 2015
in 20 acute care hospitals.”

Antibiotic exposure is the leading risk factor for CDI
development, with nearly all antibiotics being implicated.>®
Antibiotics cause a long-lasting disruption of intestinal mi-
crobiota, resulting in an increased risk of CDI both during
therapy and in the three months after its cessation.® Older
age (= 65 years), hospital admission, recent healthcare ex-
posure, long-term facility residence, chronic diseases (e.g.,
chronic kidney, lung and heart disease, diabetes, inflamma-
tory bowel disease), immunosuppression, and hemodialysis
have also been associated with an increased CDI risk.5%10

Although historically considered a nosocomial patho-
gen, an increasing number of CDI cases has been reported
in populations without known risk factors, such as antibiotic-
naive patients and those with minimal or no recent expo-
sure to healthcare settings.* European and North American
data show that an appreciable proportion of CDI episodes
(20% to 27%) are community-associated. "

CDI recurrences increase the burden to patients and
the healthcare system, namely by prolonging hospitaliza-
tion and decreasing quality of life (QoL)."'* Recurrent CDI
is generally defined as an episode occurring between two
to eight weeks after the onset of the previous episode,'® and
may result from a relapse of the same infection or re-infec-
tion with a new strain.'®'” Approximately 10% to 30% of pa-
tients develop a recurrence after a primary CDI episode.'®'®

Following the outbreaks associated with the emergence
of RT027 in Europe, the European Centre for Disease
Prevention and Control (ECDC) encouraged standardized
surveillance of CDI at the country level.?%?! In Portugal, Na-
tional Health Service (NHS) laboratories must report all CDI
episodes to the National Reference Laboratory (National In-
stitute of Health Dr. Ricardo Jorge [INSA]) every trimester.??
Fecal samples from a subset of CDI positive patients are
also sent to INSA for the purpose of molecular character-
ization and antimicrobial susceptibility testing of C. difficile
isolates.

The objective of this study was to provide a recent picture
of CDI epidemiology and to characterize the clinical burden
associated with this infection among hospitalized patients in
Portugal. This characterization was complemented by a de-
scription of the molecular characteristics (polymerase chain
reaction [PCR] ribotyping) and antimicrobial susceptibility of

C. difficile isolates based on national surveillance for CDI.

MATERIAL AND METHODS
Study design

This was a retrospective, observational, multicenter
study carried out in six public hospital centers (five tertiary
and one secondary)? of the Portuguese NHS. The partici-
pating hospital centers served a total of 2 220 047 individu-
als in 2017.

All primary CDI episodes and related recurrences oc-
curring between January and December 2017 were iden-
tified and recorded for patients meeting eligibility criteria.
Recurrent episodes that developed between two to eight
weeks after the last episode diagnosed in 2017 were also
documented. Therefore, for each included patient, the ob-
servation period began at the onset of the first primary CDI
episode diagnosed in 2017 and lasted up to eight weeks
after the final episode identified that same year. Eligible pa-
tients included male and female inpatients aged = 18 years
at the time of the diagnosis of their first episode in 2017.
Patients with an active chronic diarrheal iliness or any con-
dition leading to a frequent passage of loose stools (e.g.,
patients with ostomy) were excluded.

Data collected

Data were collected from patients’ medical records and
laboratory reports.

Sociodemographic data (age group and sex), comor-
bidities (diabetes, oncologic, cardiovascular, kidney, pulmo-
nary, and inflammatory bowel disease), and recent history
of parenteral nutrition, gastrointestinal surgery, nasogastric
intubation, and enema at the time of the first primary CDI
episode diagnosed in 2017 were recorded for each eligible
patient.

CDI episodes were characterized based on the follow-
ing variables: case origin (for primary episodes only), di-
agnostic tests performed, disease severity, and all cause
in-hospital mortality. Case origin was defined as follows:
healthcare-associated CDI (symptom onset [diarrhea] = 3
days following hospital admission or within four weeks of
discharge from any healthcare facility), community-asso-
ciated CDI (symptom onset outside of the hospital within
the previous 12 weeks or on the day of hospital admission
or the following day), or unknown association (episodes
in patients discharged from a healthcare facility four to 12
weeks before symptom onset). Disease severity (mild to
moderate, severe, or severe with complications) was estab-
lished based on the Society for Healthcare Epidemiology of
America and on the Infectious Diseases Society of America
guidelines.? It was also documented whether patients were
on hemodialysis, immunosuppressed, receiving continu-
ous steroid and/or proton pump inhibitor (PPI) treatment at
the time of CDI diagnosis and if they had been exposed
to antibiotics in the three months prior to each episode.
Continuous steroid and/or PPI treatment were documented
when patients were receiving these drugs both prior to and
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after the CDI diagnosis was established.

In addition to the CDI cases diagnosed during the ob-
servation period, admissions resulting from CDI or during
which these episodes developed were recorded. For each
admission, we recorded the cause, the length of stay (LOS)
in the hospital, intensive care unit (ICU), and general wards,
and the post-discharge destination. The complete LOS and
post-discharge destination were recorded, including for ad-
missions where the patients were discharged after the ob-
servation period.

Case definition

The primary CDI episode was defined according to the
ECDC surveillance protocol,?® and met at least one of the
following criteria: diarrheal stools or toxic megacolon and
a positive laboratory assay for C. difficile toxin A and/or B
in stools or a toxin-producing C. difficile organism detected
in stool via culture or other means (e.g., positive PCR re-
sult); pseudomembranous colitis revealed by lower gastro-
intestinal endoscopy; colonic histopathology characteristic
of CDI (with or without diarrhea) on a specimen obtained
during endoscopy, colectomy, or autopsy. Only episodes for
which no other CDI had been diagnosed in the previous
eight weeks were classified as primary. CDI episodes were
classified as recurrences when patients presented diarrheal
stools again, and a positive laboratory test was obtained
between two and eight weeks after the diagnosis of the pre-
vious episode.

National surveillance data

National surveillance data on CDI during 2017, including
molecular characterization (PCR ribotyping) and antimicro-
bial susceptibility of C. difficile isolates, were provided by
the National Reference Laboratory (INSA). RTs were deter-
mined by capillary gel electrophoresis-based PCR ribotyp-
ing, as described previously in the literature.??” Susceptibil-
ity to metronidazole, moxifloxacin, and vancomycin was as-
sessed by disk diffusion on Brucella agar with 5% sheep’s
blood, haemin and vitamin K1 (BBL; Becton Dickinson,
San Diego, CA, USA), with anaerobic incubation at 37°C.
Strains were classified as susceptible or resistant according
to zone diameter breakpoints described by Erikstrup LT et
al?®

Ethics

This study was approved by the Independent Ethics
Committee (IECs) of each participating hospital center, all
of which granted a waiver of informed consent. Approval
was also obtained from INSA’s IEC.

Statistical analysis

Analyses were conducted by patient, hospitalization and
CDI episodes. Continuous variables were summarized by
descriptive statistics, including mean, standard deviation,
median, minimum and maximum values. Categorical vari-
ables were summarized by absolute and relative frequen-
cies. Comparison of categorical variables between sub-

groups was performed with Chi-Square and Fisher’s Exact
tests.

The recurrence rate after a primary CDI episode was
determined as the number of patients who developed a re-
current episode during the observation period divided by
the number of patients with primary CDI (i.e., all included
patients). A similar methodology was followed to calculate
the rates of patients suffering from second, third, fourth, and
fifth recurrences.

We determined the proportions of episodes occurring in
patients with known risk factors for CDI development, over-
all and for primary and recurrent episodes separately. As we
aimed to compare these proportions between primary and
recurrent episodes, only variables collected for both types
of episodes were considered for analysis — antibiotic use in
the last three months, hemodialysis, immunosuppression,
and continuous PPI treatment. Other variables that have
been associated with increased CDI risk (e.g., older age
and certain chronic conditions)®®'® were not considered, as
they were only documented for the first primary episode di-
agnosed in 2017.

Generalized estimating equation (GEE) models were
carried out to assess which patient and episode characteris-
tics were significantly associated with CDI severity and time
to recurrence. Variables with a p value < 0.2 in univariate
GEE models were included in the initial multivariate models.
The optimized models included only variables showing a
statistically significant association with CDI severity or time
to recurrence. All statistical procedures were performed us-
ing SAS 9.4 software (SAS Institute Inc., Cary, NC, USA).

RESULTS

Three hundred and eighty-five patients with = 1 pri-
mary CDI episode diagnosed in 2017 were included in the
study. Six patients (1.6%) developed two primary episodes
throughout this year. Patients had a mean of 1.2 CDI epi-
sodes (range: 1 to 6) during the observation period.

Patient characteristics

Patient characteristics at the time of the first primary
episode recorded in 2017 are summarized in Table 1. Most
patients were female (56.4%) and aged = 70 years (73.2%).
Approximately 90% of patients presented at least one co-
morbidity, with the most common being cardiovascular dis-
ease (80.5%). One hundred and five patients (27.3%) had
three or more comorbidities. Recent history of nasogastric
intubation was recorded for 17.7% of patients.

Patients with and without recurrent episodes were com-
parable in terms of age group (18 - 64 vs = 65 years), sex,
type and number of comorbidities, and recent history of par-
enteral nutrition, gastrointestinal surgery, nasogastric intu-
bation, and enema.

Recurrence rates

Most patients (88.3%) did not have a recurrence
following a primary episode (Fig. 1). Among the 45 patients
who did, 10 (22.2%) had a second recurrence. Of these,
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Table 1 — Patient characteristics at the time of the first primary CDI episode diagnosed in 2017, overall and for patients with and without
recurrences

-
Patients with Patients without Total %
recur_rences recuzrences (n — 385) P value z
(n = 45) (n = 340) S
Age group, n (%) g
18 - 29 years 0 (0.0%) 5 (1.5%) 5(1.3%) g
30 - 39 years 0 (0.0%) 7 (2.1%) 7 (1.8%)
40 - 49 years 1(2.2%) 13 (3.8%) 14 (3.6%)
50 - 59 years 4 (8.9%) 21 (6.2%) 25 (6.5%)
60 - 64 years 4 (8.9%) 22 (6.5%) 26 (6.8%)
65 - 69 years 2 (4.4%) 24 (7.1%) 26 (6.8%)
> 70 years 34 (75.6%) 248 (72.9%) 282 (73.2%)
18 - 64 years 9 (20.0%) 68 (20.0%) 77 (20.0%) > 0.999
> 65 years 36 (80.0%) 272 (80.0%) 308 (80.0%)
Sex, n (%)
Female 25 (55.6%) 192 (56.5%) 217 (56.4%) 0.907
Male 20 (44.4%) 148 (43.5%) 168 (43.6%)
Comorbidities of interest, n (%)
> 1 Comorbidity of interest 41 (91.1%) 308 (90.6%) 349 (90.6%) > 0.999
Diabetes 14 (34.1%) 101 (32.8%) 115 (33.0%) 0.862
Oncologic disease 11 (26.8%) 95 (30.8%) 106 (30.4%) 0.600
Cardiovascular disease 35 (85.4%) 246 (79.9%) 281 (80.5%) 0.404
Kidney disease 21 (51.2%) 122 (39.9%) 143 (41.2%) 0.166
Pulmonary disease 8 (19.5%) 50 (16.3%) 58 (16.7%) 0.603
Inflammatory bowel disease 0 (0.0%) 11 (3.6%) 11 (3.2%) 0.375
Number of comorbidities of interest, n (%)
0 4 (8.9%) 32 (9.4%) 36 (9.4%) 0.940
1 13 (28.9%) 101 (29.7%) 114 (29.6%)
2 14 (31.1%) 116 (34.1%) 130 (33.8%)
23 14 (31.1%) 91 (26.8%) 105 (27.3%)
Parenteral nutrition, n (%)
Yes 2 (4.4%) 10 (2.9%) 12 (3.1%) 0.639
No 43 (95.6%) 330 (97.1%) 373 (96.9%)
Gastrointestinal surgery, n (%)
Yes 2 (4.4%) 42 (12.4%) 44 (11.4%) 0.117
No 43 (95.6%) 298 (87.6%) 341 (88.6%)
Nasogastric tube, n (%)
Yes 7 (15.6%) 61 (17.9%) 68 (17.7%) 0.693
No 38 (84.4%) 279 (82.1%) 317 (82.3%)
Enema, n (%)
Yes 0 (0.0%) 9 (2.7%) 9 (2.3%) 0.606
No 45 (100.0%) 330 (97.3%) 375 (97.7%)
three (30.0%) suffered a third recurrent episode. Only one  Hospitalization episodes
patient had more than three recurrences; this patient was A total of 437 hospitalizations — resulting from CDI epi-
diagnosed with five recurrent episodes throughout the sodes or during which these developed — were recorded
observation period. during the observation period. This represents 0.23% of

all hospitalizations observed in the participating hospitals
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throughout 2017 (190 891).

CDI was the cause of admission in 39.8% of the 437
hospitalizations recorded (Table 2). Median hospital LOS
was 19 days. Patients were admitted to the ICU in 11.4% of
hospitalizations, with a median LOS of nine days. Patients
were discharged to their home in most hospitalizations
(69.2%) for which the post-discharge destination was docu-
mented, with 27.1% being discharged to nursing homes or
long-term care facilities.

CDI episodes
A total of 451 CDI episodes occurred during the obser-

vation period, the majority of which corresponded to pri-
mary episodes (86.7%). Most of the 60 recurrent episodes
(75.0%) were first recurrences. There were 10 second re-
currences, three third recurrences, and one fourth and fifth
recurrences.

As for diagnostic tests, glutamate dehydrogenase
(GDH) plus toxin test, arbitrated by nucleic acid amplifica-
tion test (PCR), were performed in more than half of CDI
episodes (n = 248; 55.7%). GDH plus toxin test were carried
out in 176 episodes (39.6%), while the toxin test alone was
used in 21 episodes (4.7%).

In terms of case origin, 49.1% of primary episodes were

Patients with
no recurrence
(n =340, 88.3%)

Patients with a
first recurrence
(n=45,11.7%)

Patients with a
second recurrence
(n =10, 22.2%)

Patients with
no recurrence
(n=35,77.8%)

Patients with a
third recurrence
(n =3, 30.0%)

Patients with
no recurrence
(n=7,70.0%)

Patients with a
fourth recurrence
(n=1, 33.3%)

Patients with
no recurrence
(n=2,66.6%)

Patients with
no recurrence
(n=0,0.0%)

Patients with a
fifth recurrence
(n=1,100.0%)

Figure 1 — Recurrence rates of inpatients with CDI episodes during the observation period
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healthcare-associated CDI (Table 3). Most episodes had
a mild to moderate severity (68.7%). All-cause in-hospital
death was documented in 16.7% of episodes (75 out of 448
episodes with available data on mortality).

Primary and recurrent episodes were comparable in
terms of infection severity and all-cause in-hospital death.

Risk factors for CDI development and use of concomi-
tant medications

At least one known risk factor for CDI development was
observed for most recorded episodes (94.9%), with the
most common being recent antibiotic exposure (86.0%) —
Table 4. The presence of risk factors (= 1) was similar be-
tween primary and recurrent episodes (94.1% vs 100.0%,
respectively). However, recent antibiotic exposure was sig-
nificantly more frequent among recurrent episodes (98.3%
vs 84.1%; p = 0.0030).

Patients were on continuous steroid treatment in 9.2%
of CDI episodes.

All cause in-hospital mortality

Seventy-five of the 385 patients (19.5%) died during
the observation period, with a significantly higher all-cause
in-hospital mortality being observed for patients aged = 65
years when compared to those aged 18-64 years (22.4% vs
7.8%, respectively; p = 0.0038).

Risk factors for CDI severity and time to recurrence

Mild to moderate CDI episodes differed significantly
from severe CDI episodes in terms of patients’ age dis-
tribution — Appendix 1, Table 1 (Appendix 1: https://www.
actamedicaportuguesa.com/revista/index.php/amp/article/
view/15890/Appendix_01.pdf). The proportion of older pa-
tients (= 65 years) was considerably higher for severe epi-
sodes (92.2% vs 74.5% for mild to moderate episodes; p =
0.0001). Based on the optimized GEE model, older patients
have an increased odds of severe CDI (odds ratio = 1.44)
compared to younger patients.

The mean time to recurrence among the 60 recurrent
episodes recorded in this study was 29.4 days. The pa-
tients’ age group significantly influenced the mean time to
recurrence — Appendix 1, Table 2 (Appendix 1: https://www.
actamedicaportuguesa.com/revista/index.php/amp/article/
view/15890/Appendix_01.pdf). Significantly lower mean
times to recurrence were observed after CDI episodes oc-
curring in patients aged 18 to 64 years (23.8 vs 30.8 days
in those aged = 65 years; p = 0.0012). Being older (= 65
years) increased the mean time to recurrence by 7.4 days
compared to younger patients (18 — 64 years) according to
the optimized GEE model.

National surveillance data

In 2017, INSA received a total of 206 non-duplicate stool
samples from CDI positive patients aged = 18 years old.
Most patients were female (61.2%) and aged = 65 years
(72.8%).

C. difficile toxigenic strains — positive for toxins A and/or

Table 2 — Hospitalization characteristics

Total
(n =437)

Reason for hospital admission, n (%)

C. difficile infection 174 (39.8%)

Other 263 (60.2%)
Hospital LOS (days)
n 437
Mean 34.67
Median 19.00
Standard deviation 55.29
Minimum 1.00
Maximum 949.00*
ICU admission?, n (%)
Yes 50 (11.4%)
No 387 (88.6%)
ICU LOS (days)
n 50
Mean 13.10
Median 9.00
Standard deviation 13.37
Minimum 2.00
Maximum 79.00
General ward stay?, n (%)
Yes 409 (93.6%)
No 28 (6.4%)
General ward LOS (days)
n 409
Mean 33.74
Median 19.00
Standard deviation 55.97
Minimum 1.00
Maximum 949.00
Post-discharge destination, n (%)
n 328
Home 227 (69.2%)
Transferred to another hospital 12 (3.7%)

Nursing home, long-term care facility 89 (27.1%)

LOS: length of stay; ICU: intensive care unit

*Excluding this outlier, the summary statistics for hospital LOS (days) are as follows:
mean (standard deviation) = 32.58 (33.73); median = 19.00; minimum - maximum: 1.00
-215.00.

B — were recovered from the vast majority of stool samples
(90.8%) — Appendix 1, Table 3 (Appendix 1: https://www.
actamedicaportuguesa.com/revista/index.php/amp/article/
view/15890/Appendix_01.pdf). Of these, 35 (18.7%) were
also positive for the binary toxin (hypervirulent).

A great variety of RTs (over 50 different RTs) were
observed among the C. difficile strains. The five most com-
mon PCR RTs among toxigenic strains (n = 187) were
RT027 (8.6%), RT078/126 (8.6%), RT014 (8.0%), RT106
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Table 3 — CDI characteristics, overall and for primary and recurrent episodes

Primary CDI episodes

(n =391)

Recurrent CDI episodes

(n = 60)

Total

(n = 451) p value

CDI origin, n (%)
Healthcare-associated CDI
Community-associated CDI
Unknown association CDI

Infection severity, n (%)
Mild to moderate
Severe

Severe with complications

All-cause in-hospital death, n (%)

Yes
No

Missing values

192 (49.1%)
174 (44.5%)
25 (6.4%)

274 (70.1%)
98 (25.1%)
19 (4.9%)

62 (16.0%)
326 (84.0%)
3

36 (60.0%)
22 (36.7%)
2(3.3%)

13 (21.7%)
47 (78.3%)
0

310 (68.7%) 0.1604
120 (26.6%)
21 (4.7%)

75 (16.7%) 0.2722
373 (83.3%)
3

CDI: Clostridioides difficile infection

Table 4 — Risk factors for CDI development and use of concomitant medications, overall and for primary and recurrent episodes
Recurrent CDI

Primary CDI

episodes episodes (n?:'.af: 1) p value
(n=391) (n =60)

2 1 risk factor for CDI development, n (%) 368 (94.1%) 60 (100.0%) 428 (94.9%) 0.057
Antibiotic use in the last 3 months, n (%)* 327 (84.1%) 59 (98.3%) 386 (86.0%) 0.003
On hemodialysis, n (%)* 46 (11.8%) 5(8.3%) 51 (11.3%) 0.431
Immunosuppressed, n (%) 117 (29.9%) 18 (30.0%) 135 (29.9%) 0.990
Continuous PPI treatment, n (%) 198 (50.6%) 30 (50.0%) 228 (50.6%) 0.926

Underlying reason for immunosuppression, n (%) 0.379
Comorbidities

Cancer 75 (64.1%) 10 (55.6%) 85 (63.0%)

HIV/AIDS 6 (5.1%) 2 (11.1%) 8 (5.9%)
Transplantation procedures

Bone marrow transplant/ hematopoietic stem cell transplant 3(2.6%) 1(5.6%) 4 (3.0%)

Organ transplantation 16 (13.7%) 1(5.6%) 17 (12.6%)
Immunosuppressive therapy 17 (14.5%) 4 (22.2%) 21 (15.6%)

Total 117 (100.0%) 18 (100.0%) 135 (100.0%)

Concomitant medications, n (%)

Continuous steroid treatment 35 (9.0%) 6 (10.0%) 41 (9.1%) 0.802

CDI: Clostridioides difficile infection; PPI: proton pump inhibitor; HIV: human immunodeficiency virus; AIDS: acquired immune deficiency syndrome

*: Percentages determined based on non-missing values

(7.5%), RT002 (5.9%), and RT020 (5.3%). Two of the most
frequent genotypes were both hypervirulent strains (RT027
and RT078/126).

Regarding antibiotic susceptibility, all tested strains
were susceptible to metronidazole and vancomycin. Thirty-
nine (18.9%) strains were resistant to moxifloxacin, mostly
associated with RT017, RT027, and RT078/126.

DISCUSSION

The present study aimed to evaluate the epidemiology
of CDI and assess the clinical burden associated with this
infection among hospitalized patients in Portugal.

Older patients (= 65 years) have been reported to be

disproportionately affected by CDI, both in terms of inci-
dence and mortality.?#?° Our results support this tendency,
as 80% of included patients were aged = 65 years and
92% of recorded deaths occurred in this age group. Fur-
thermore, most stool samples (72.8%) received by INSA in
2017 corresponded to patients aged = 65 years. This study
also found that older patients are at increased risk of severe
CDI.

In the last decade, there has been an increase in CDI
incidence among individuals without known risk factors,
namely antibiotic-naive patients, and those with mini-
mal or no recent exposure to healthcare settings.* In this
study, however, 94.9% of episodes occurred in patients
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with known risk factors. Antibiotic exposure — the most im-
portant modifiable risk factor for CDI development® — was
particularly common (observed in 86.0% of episodes).
As indicated in previous research, these findings highlight
the need for responsible use of antibiotics in order to re-
duce the healthcare burden associated with CDI." The
proportion of episodes for which patients presented risk
factors may be even higher, as certain patient character-
istics that have been associated with increased CDI risk
(e.g., age 2 65 years and certain chronic conditions)>%'°were
only collected for the first primary episode diagnosed during
2017, and therefore were not considered in this analysis.
Still, our data align with other studies showing that commu-
nity-associated CDI has become responsible for a consider-
able proportion of all CDI cases,**° as approximately 44% of
primary episodes were community-associated.

CDI recurrences are associated with an increase in the
overall disease burden to both patients and the healthcare
system,’®' and it is estimated that 10% to 30% of CDI pa-
tients develop recurrences.’®'® In the present study, the
proportion of patients with recurrent disease (11.7%) was
closer to the lower end of this range. The study methodol-
ogy may, in part, be responsible for the lower rate observed.
As the focus was placed on inpatients only, recurrent epi-
sodes occurring after hospital discharge were not captured
if they did not lead to a new admission. Furthermore, epi-
sodes were not recorded when leading to admission in a
non-study hospital.

Our study is consistent with previous research showing
that the risk of recurrence increases with each consecutive
recurrent episode.'®' In fact, the recurrence rate increased
from 11.7% after a primary episode to approximately 20%
and 30% following first and second recurrences, respec-
tively.

Hypervirulent RT027 has been responsible for the in-
crease in CDI incidence, severity, and mortality observed
over recent decades.>® Data from England shows that the
prevalence of this strain is decreasing, having dropped from
55% to 21% within a three-year period (2007 to 2010). This
reduction has been matched by a significant decrease in
CDlI-related mortality.®' The comparison of the national
surveillance data from 2017 with the study of CDI isolates
conducted in 20 Portuguese hospitals between 2010-2015,
which found a prevalence of 18.5% for RT027 among
healthcare- and community-associated CDI isolates,” may
suggest that the prevalence of this RT is also decreasing in
Portugal.

INSA data support the existence of a considerable vari-
ety of C. difficile RTs in Portugal. The same conclusion had
been made by Santos A et al, who identified a total of 96
distinct RTs among 498 C. difficile isolates recovered from
different regions of mainland Portugal.” These findings are
in line with the considerable diversity of C. difficile ribotypes
that has been observed across Europe.??

This study had some limitations. First, the proportion of
admissions at the participating hospital centers that were
due to CDI or during which these episodes developed was

determined based on the total number of admission epi-
sodes recorded at the hospital centers in 2017. However,
we potentially excluded some admission episodes occur-
ring in this year when related with recurrences of CDI epi-
sodes diagnosed in 2016. On the other hand, admissions
occurring in 2018 were recorded when associated with re-
currences of episodes diagnosed in 2017. Depending on
whether the number of excluded admission episodes oc-
curring in 2017 was higher or lower than that of included
episodes recorded in 2018, the proportion of admissions
due to CDI or during which these episodes developed may
have been under- or overestimated. Second, we recorded
recurrent episodes occurring up to eight weeks after the last
CDI episode diagnosed in 2017. Patients could have expe-
rienced further recurrences after the end of the observation
period which were not documented. This should be consid-
ered when interpreting results on recurrence rates.

CONCLUSION

In Portugal, hospitalized patients with CDI are mostly
older patients (= 65 years) presenting with risk factors for
the development of this infection, particularly recent anti-
biotic exposure. Mortality is disproportionately high among
the older population. Community-associated CDI is com-
mon among hospitalized patients with this infection.
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