UNIVERSITY OF LEEDS

This is a repository copy of Molecular epidemiology of Clostridioides (previously
Clostridium) difficile isolates from a university hospital in Minas Gerais, Brazil.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/143371/

Version: Accepted Version

Article:

Diniz, AN, de Oliveira Juanior, CA, Vilela, EG et al. (7 more authors) (2019) Molecular
epidemiology of Clostridioides (previously Clostridium) difficile isolates from a university
hospital in Minas Gerais, Brazil. Anaerobe, 56. pp. 34-39. ISSN 1075-9964

https://doi.org/10.1016/j.anaerobe.2019.01.010

© 2019 Elsevier Ltd. Licensed under the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Reuse

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long
as you credit the authors, but you can’'t change the article in any way or use it commercially. More
information and the full terms of the licence here: https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

O o0 NO UL WN B

U DDA DDEDDEDLEDDEWWWWWWWWWWNRNNNNNRNNRNNRRRRRRRRR @B
O WVLWWNIDTUNDWNRPOOVOMINITUITDNR WNRPRPROOVLONNOTURNR WNRPOWOVLOKNODULUDNWNLERO

Molecular epidemiology of Clostridioides (previously Clostridium) difficile isolates
from a university hospital in Minas Gerais, Brazil

Amanda Nadia DiniZ%, Carlos Augusto de Oliveira Jinio!, Eduardo Garcia
Vilela®, Henrique Cesar Pereira Figueiredd, Maja Rupnik &', Mark H. Wilcox ¢,
Warren N. Fawley®, Dominique S Blanc®, Francisco Carlos Faria Lobatd,
Rodrigo Otavio Silveira Silva®

®Escola de Veterinaria. Universidade Federal de Minas Gad&®G). Av. Antdnio
Carlos, 6627. Belo Horizonte, MG Brazil, CEP 31.270-901. *Corresponding author:
[rodrigo.otaviosilva@gmail.com

bFaculdade de Medicina, Universidade Federal de Minas Geraisl. Br
‘University of Leeds, United Kingdom.

YHospital preventive medicine, Lausanne University hospitisanne, Switzerland
®Faculty of Medicine, University of Maribor, Slovenia

‘National Laboratory for Health, Environment and Food, btari Slovenia

!Both authors contributed equally to this work


mailto:rodrigo.otaviosilva@gmail.com

51

52
53
54
55
56
57
58
59
60
61
62

63
64

65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

ABSTRACT

The molecular epidemiology of 38 non-duplicate toxigenicsidioides (previously
Clostridiun) difficile isolates frominpatients from a hospital in Brazil during a 6-year
period (2012-201)7 were investigated by multilocus sequence typing (MLST) and
ribotyping. These isolates were classifieiR0 sequence types (SEx (30%) of which
were novel, revealing a high diversity in a single hosp@&lssic hipervirulent strains
ST1/RT027 and5T11/RTO78 were not identified, while ST42 (almostRill106) was
the most common type, being detected in(28.9%) strains. Noteworthy, six (15.8%)
isolates were classified into five STs from clade 2y fof which were new ST and RT.
Our study suggests that possible hypervirulent strains othelSthafRT027 might be
inadvertently circulating in Brazilian hospitals and Hights the importance of
permanent surveillangan circulating strains in a national scale.
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NOTE

Clostridioides (previously Clostridiundlifficile is known as the main infectious cause of
antibiotic-associated diarrhea worldwide (Burke and Lam@@i,4. Since the early
2000s, the incidence and severity of C. difficile infectiorDI)Chave increased
dramatically in some countries. This finding has been linkedhe emergence of
hypervirulent strains, such as those from PCR ribotypg (RT and RTO73which are
classified by multilocus sequence typing (MLST) in clades®2samespectively (Kuijper
et al., 2006Knight et al., 2015)

The epidemiology of CDI is highly dynamic as new strainginaa to emerge worldwide
(Munoz et al., 2017). Considering both the geographical diftegof CDI epidemiology
and the potential worldwide spread of epidemic isolates, mymdiegical studies to
characterize currently circulating strains and permarsmveillance are necessary
(Janezic, Rupnik, 2015; Costa et al., 2016). Despite this, dirmlatrains in Latin
America countries are largely unknown (Balassiano e2@l2). Specifically in Brazil,
several studies in the last decade failed to detect RTO27T@0¥BR humans (Balassiano
et al., 2009; Balassiano et al., 2011; Monteiro et al., 201vR 8ilal., 2015; Cancado et
al., 2018). Although these known hypervirulent ribotypes seeotsfrequent in our
country, studies have identified several binary toxin (CDEjtp@ strains in humans and
animals in Brazil, some from new ribotypes (Silva et 2015; Costa et al., 2016;
Cancado et al., 2018). This finding is of concern once th@uptimn of binary toxin is
frequently associated with hipervirulent strains (Rodriguezalet 201§ and with
increased lethality and recurrence (Berry et al., 2016)s,Timore detailed molecular
studies become necessary to clarify if there are gsitigls of these isolates with
previously reported hypervirulent strains (Gerding et al., 2014)tiWrefore aired to
evaluate 38 non-duplicate toxigenic C. difficile isolates by MLi8Torder to better
understand the epidemiology of CDI in a Brazilian hopita

From January 2012 to December 2017, a total of 38 non-duplicagetaxiC. difficile
isolates was obtained from inpatients with CDI at thai€dl Hospital of the Federal
University of Minas Gerais, a 500-bed quaternary care hogpiBdlo Horizonte, Minas
Gerais state, southeast Bradamples were obtained from patient$ years who have
received systemic antibiotics anytime in the last 3itm® and presented acute diarrhea
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99 after 72 hours or more of hospitalization. During the tiniestudy was conducted (2012-
100 2017), the institution did not perform the diagnosis of @the daily routine, thus these
101  patients were selected by an active search for possibesof CDI. All isolates were
102  previously subjected to a multiplex-PCR for a housekeeping (@eifethe toxin A gene
103  (tcdA), the toxin B gene (tcdB) and a binary toxin gene (cdtBy4Sst al., 2011). For
104  Multilocus Sequencing Typing (MLST), the amplification asdjuencing reaction of the
105 seven loci of MLST followed the procedures proposed by Grifiet al. (2010). The
106  analysis of sequences were made in program Unipro UGENE 1.2&@URiissia) and
107  the MLST profiles were obtained in the public datafaisps://pubmist.org/cdifficilg/
108 Isolates were PCR ribotyped as previously described (dameml Rupnik, 2010).
109  Ribotypes not identified in the Brazilian C. difficile ldny were sent to the National
110 Reference Laboratory for C. difficile (University of Leedl)ited Kingdom) and a new
111  type number was assigned.

112 MLST revealed 20 different STmcluding six novel S$and five new allele sequences.
113  Of these six novel STs, four were also identified as migotypes (Table 1)l'hediversity

114  found in the present study seems to be higher than previmpsiyted in other hospitals
115  elsewhere (Weber et al., 2013; Kuwata et al., 2015; Cheng 204b; Nicholas et al.,
116  2017; Wang et al., 2017; Chen et al., 2018). Some studies havedsadink between
117  the high diversity of ribotypes and less occurrence of IGIRT027 and RTO78 (Freeman
118 et al, 2015; Rodriguez et al.,, 2Ql@nterestingly, classic hipervirulent strains
119 (ST1/RT027 ancbT11/RT0O78) were not identified in the present work. Anyway, taking
120 together the high diversity and high percentage of newi&lirgified (6 out of 20 STs,
121 30%), the present work suggests a high diversity in ourutistit

122 ST42, almost all classified &T106, was the most common strain identified in the
123 present study (Table 1), corroborating previous studies hierdBrazilian hospitals
124  (Balassiano et al., 2009; Balassiano et al., 2011; Seccq 20a#; Silva et al., 2015;
125 Costa et al., 2017; Cancado et al.,, 2018). ST42/RT106 is also iente@olombia
126  (Salazar et al., 2018); over one decade ago this ribotypengasic in United Kingdom
127  hospitals (Vohra and Poxton, 2QMVilcox et al., 2012; Davies et al., 2016)TZ% all
128 classified asRT014/02Q was the second most common strain. This finding is also in
129 accordance with previous studies which indicates RT014/020 as rhlwicke
130 disseminated ribotype (Sundram et al., 2009; Weber et al., 2ab3et al., 2013; Cheng
131 et al., 2015; Kuwata et al., 2015; Nicholas et al., 2017

132

133  Although the classic hypervirulent strains ST1/RT027 &¥l1/RT078 were not
134 identified in the present workix strains were classifieidto clade 2, the same clade as
135 some hypervirulent strains (Figure 1). Despite one straintifebel as ST114/RT111, all
136  other isolates from clade 2 were novel STs and novetypies. In the present study, one
137  strain was also identified as ST11/RT126, being the first redoa clade 5 strain in
138  humans in BraziRT126 is genetically related to RTO78 and was recently assouited
139 severe symptoms in a patient with recurrent CDI (Sachsmeheet al., 2018).
140 Interestingly, patients infected with isolates classified clade 2 or 5 or patients infected
141  with cdtB+ strains were younger than those infected withirst from clade 1P=0.009)
142  and cdtB- isolates (P=0.0128), respectivitlis well-known that patients aging >65 years
143  old are in higher risk factor for CDI (Eze et al., 2017) #adrisk of severe outcome and
144  mortality are also known to increase with age (Millemkt 2010). Some studies have
145  also suggested that patients with community acquired Qi ddendency to be younger
146  those with health care associated CDI (Rao et al., 201Bjtr&ting with the present
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report, Aitken et al. (2016) found that patients infected wit@Z&Twere younger than
those infected with non-RT027. Despite that, there ane sdies focusing on the
association between C. difficile strains and patient age.

Similar to the present report, the majority of previousziiem studies failed to detect
RT027 or RTO78 in humans (Balassiano et al., 2009; Balasstaaig 2011; Monteiro et
al.,, 2014; Silva et al., 2015; Cancado et al., 2018). So far, RW@87only recently
reported in two patients from a hospital in the southzlian region, one of which was
classified ito ST67 (Pires et al., 2018). There is also a descripti@atdde 2 strain in
a hospital in the northeast region of Brazil (Castal., 2016).Interestingly, this strain
was classified as ST41 and also belonged to a new rib8RHEE). Taking together,
these results reinforce the need for broader studi®anil to characterize currently
circulating strains and the molecular and clinical epidéogy of CDI on a national scale

Among the six strains classified into the clade 2, twalates were classified as
ST461/RT883. These isolates were obtained from inpatiesitsl¢hreloped CDI within a
14-days interval from each other. Thus, to better undetstensimilarity of these two
strains, they were submitted to a double-locus sequencgtfipLST), a technique that
involves the sequencing of two highly variable loci (TR6 and &) it is known to be
more discriminatory that MLST and ribotyping (Stojanowalket 2016; Oliveira Junior et
al., 2018). DLST was performed as previously described by Stogtnalv (2016), and
the sequences were analyzed using the BioNumerics softwasienvét.0 (Applied
Maths, Belgium). Interestingly, both strains were c¢faest into the same DLST (9_44),
suggesting a close molecular relationship

Recently, the emergence of the clade 2 strain ST244/ST4llnked to outbreaks with
high mortality rate in Australia, calling attention fbe importance of constant vigilance,
especially related to strains from clade 2 (Lim et al., 20I4¢résting, the analysis of
the concatenated sequences of the clade 2 identified preékent study revealed these
isolates are related to ST1 and ST41, but there are mogaaysimilarities among each
clade-2 Brazilian isolate thano the classic hypervirulent strains (Figure 2). In addjtion
in some European countries, studies have shown that feftgrears, ST2/RT014/020
and ST42/RT106 incidencesave markedly decreased, with a clear shift towards
ST1/RT027 predominance (Davies et al., 2016). This finding cormtd®rprevious
hypothesis that dominant C. difficile strains might be exclumesb-called hypervirulent
ribotypes, including non-RT027 strains (Goorhuis et al., 2009; iy akal., 2015). It
also important to remember that in some Asia countries;feMRT027 and 078 are rare,
other ribotypes, mostly 017 and 018, emerged as responsiloletfseaks (Collins et al.,
2013). Taking these works and the present study togethergiaigioe need for an active
vigilance on C. difficile epidemiology in Brazil. Also, as aldy advocated by other
authors, the vigilance should not focus only RT027 and RTO7& emergence of other
strains, including possible epidemic C. difficile isolatemgmss constant (Smits et al.,
2013).

The present study revealed a high diversity of C. difficiliné studied hospital, including
new strain types and new ribotypés addition, while most previously studies on Brazil
focused on the detection of RT027 or RT078 in humans, our stglyests that other
possible hypervirulent (clade 2) strains are also circgjaitinthis Brazilian hospital.
Further studies are necessary to elucidate if this sgmeriology occurs in other
Brazilian healthcare institutions. Thus, the present waghlights the importance of
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permanent vigilance and reinforces the need for broader epidgmal studies in Brazil
to characterize currently circulating strains on aomati scale.
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