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First report of Raoultella ornithinolytica carrying blaKPC-2
isolated from a dipteran muscoid collected in a garbage from
a public hospital in Rio de Janeiro, Brazil

Rio de Janeiro, January 23, 2019
Dear Editor

Raoultella is a Gram-negative bacterium frequently isolated from natural
environments and has emerged as an important pathogen in recent years'. Although
this species has been described as susceptible to antibiotics, there are numerous
reports of strains presenting a variety of resistance mechanisms, such as ESBL
(Extended -spectrum beta- lactamases) and carbapenemases, including bla, .
from bloodstream infections isolates®, the coexistence of bla,.,and bla,, °,
reported in strains recovered from sediment together with some producers of
VIM-1*. Importantly, bla,, positive strains were isolated from clinical specimens®
highlighting the dissemination of resistance genes from clinical to environmental
members of the Enterobacteriaceae family. Flies show the capacity to transfer
pathogens and their associated genes between different environments, acting as
one of the most important vectors of human diseases worldwide®.

The purpose of this study was to evaluate the possible role of flies in the
dissemination of nosocomial, antibiotic resistant bacteria. Flies were captured
within the garbage of a public hospital in Rio de Janeiro, Brazil, and were screened
for the presence of mobile resistance determinants against colistin, carbapenems,
cephalosporins, aminoglycosides and mobile genetic elements, including integrons
and the transposon Tn4401. Samples of flies were collected in July 2016 and August
2017. Captures were carried out inside the dumpsters located in the dependencies
of the public hospital in Rio de Janeiro, and from other dumpsters at a distance of
approximately 100 meters from the hospital. Traps made of plastic bottles were
placed at each location and left for 20 h. Trapped flies were taken to the laboratory
and identified using dichotomous keys’.

The flies were individually washed in sterile saline and homogenized with a
sterile pestle in 1 mL of saline and vortexed. Aliquots of the diluted homogenates
(100 pL) were streaked onto nutrient agar plates supplemented with ceftriaxone
(1 mg/L) and incubated at 37 °C overnight. Representative colony types were
subcultured on plates of nutrient agar and examined for resistance via the disk-
diffusion method® towards the antibiotics cefepime (30 upg), cefoxitin (30 pg),
ceftazidime (30 pg), meropenem (10 pg), gentamicin (10ug), tetracycline (10 pg),
ciprofloxacin (5 pg), trimethoprim/sulfamethoxazole (1.25 + 23.75 pg) and
chloramphenicol (30 pg) (Sensifar). Polymerase Chain Reaction (PCR) assays to
detect resistance to B-lactams and aminoglycosides were conducted according to the
protocol described by Poirel et al.®. Plasmid characterization was performed using
the PCR-based replicon typing method'?, with plasmids extracted using an alkaline
lysis method''. Subsequently, gel contents were transferred to nylon membranes,
and hybridized with digoxigenin 11-dUTP (Roche) probes'2.

Raoultella ornithinolytica (LEMEF 71) was isolated from a specimen of the
Malacophagomia filamenta fly. This bacterium was identified by the sequencing of
approximately 240 nucleotides belonging to the V5 region of the gene 16S rRNA
gene'® in combination with MALDITOF MS (Bruker LT Microflex). The isolate
LEMEF 71 was phenotypically resistant to tetracycline, cefepime, ceftazidime,
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gentamincin and trimethoprim/sulfamethoxazole and was
positive by the Carbapenem Inactivation Method (CIM test),
presenting a clear carbapenemase activity'*. PCR-based
screening revealed the presence of the bla,,., bla .,
aac(6’)-1b resistance genes and identified the presence of
a plasmid belonging to the IncK incompatibility group.
The identity of the KPC-2 amplicon was confirmed by its
nucleotide sequencing. In addition, the isolate was positive
for ISKpn6, which belongs to the IS1182 family, and also
for ISKpn7, amember of the IS21 family, generating aTnpA
target amplicon. Those sequences are components of the
transposon Tn4401, which is implicated as the origin of
blay,. .. gene acquisition and is believed to be responsible
for its dissemination'®.

Southern hybridization assays revealed weak signals
with bands considered to represent plasmid DNA,
suggesting that the bla,,. gene was present, but the
number of copies of the plasmide was low (Figure 1).
Attempts to transfer the plasmid by in vitro conjugation
were unsuccessful, suggesting that the plasmid is most

Figure 1 - A) Plasmid extractions from cultures of Klebsiella
pneumoniae isolates and Raoultella ornithinilytica isolate that
produce B-lactamase blakKPC-2 gene; B) Southern hybridization
of a transferred plasmid extraction, conducted with an internal
probe for blaKPC-2. Lane 1, DNA molecular-weight marker Ill
digoxigenin- labeled; Lane 2, Klebsiella pneumoniae (positive
control); Lane 3 Raoultella ornithinilytica (LEMEF 71).
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likely of non-conjugative type. Previous studies of clinical
isolates of Raoultella spp. showed that bla,,. was carried
on by an 11-kb plasmid located within a Tn4401 integration
structure’®. In addition, a wastewater strain has been
documented and contained a novel IncP-6 promiscuous
plasmid containing a Tn3 transposon composed of
ISKpn6/bla,,. /bla ., /1SKpn27'". More recently, the
emergence of mcr-1, encoding resistance to colistin, within
an Incl2 plasmid of R. planticola isolated from flies, has
been reported in China'®.

Due to their reproductive and trophic link to microbe-
rich substrates, flies have long been implicated as reservoirs
and potential vectors of resistant bacteria'®. It is not possible
to definitively determine whether the isolate LEMEF 7 was
originated from within the hospital or if it was resident in
the extended environment. However, it should be noted
that previous studies have demonstrated that samples
collected from a range of hospital environments contained
carbapenemase-producing organisms, including non-
pathogenic ones that may serve as resilient reservoirs of
resistance genes and plasmids®.

In conclusion, the findings presented in this study, to
the best of our knowledge, represent the first detection of
KPC-2 producing R. ornithinolytica isolated from flies.
This study reinforces the hypothesis that this resistance
mechanism is rapidly disseminating in environmental
isolates of Enterobacteriaceae. Moreover, insects are
numerous and diverse in many environments, therefore our
finding suggests their potential role in the dissemination of
antibiotic resistance. Our study is of great concern due to its
epidemic potential, since the emergence of KPC represents
a severe threat to human health around the globe.

AUTHORS’ CONTRIBUTIONS

INC: flies collection, bacterial isolation, molecular
methods, data interpretation, article writing. EARC,
MMCQ, MHSVB, KRC: design, data interpretation. JAL:
phenotypic methods. VZ: design, data interpretation,
article writing, approval of the review to be published and
laboratory supervision.

ACKNOWLEDGMENTS

We acknowledged Dr. Douglas Mclntosh for the
16s rRNA gene sequencing.

FUNDING

This study was supported in part by grants from
Centro Integrado Empresa Escola, Coordenagdo de

Rev Inst Med Trop Sao Paulo. 2019;61:e32



First report of Raoultella ornithinolytica carrying blaKPC-2 isolated from a dipteran muscoid

Aperfeicoamento de Pessoal de Nivel Superior (CAPES

— Finance Code 001) and by POM (Plano de Objetivos e
Metas/ Fiocruz).

Isabel Nogueira Carramaschi'!

Eduardo Almeida Ribeiro de Castro®

Jéssica Albuquerque Leite!

Margareth Maria de Carvalho Queiroz'

Maria Helena Simdes Villas Boas®

Karyne Rangel®

Viviane Zahner™!

REFERENCES

1. Sekowska A. Raoultella spp. : clinical significance, infections
and susceptibility to antibiotics. Folia Microbiol (Praha).
2017,62:221-7.

2. Demiray T, Koroglu M, Ozbek A, Altindis M. A rare cause of
infection, Raoultella planticola: emerging threat and new
reservoir for carbapenem resistance. Infection. 2016;44:713-7.

3. Zheng B, Zhang J, Ji J, Fang Y, Shen P, Ying C, et al. Emergence
of Raoultella ornithinolytica coproducing IMP-4 and KPC-2
carbapenemases in China. Antimicrob Agents Chemother.
2015;59:7086-9.

4. Piedra-Carrasco N, Fabrega A, Calero-Caceres W, Cornejo-
Sanchez T, Brown-Jaque M, Mir-Cros A, et al. Carbapenemase-
producing enterobacteriaceae recovered from a Spanish river
ecosystem. PLoS One. 2017;12:e0175246.

5. Yoon EJ, Kang DY, Yang JW, Kim D, Lee H, Lee KJ, et al. New
Delhi Metallo-beta-lactamase-producing Enterobacteriaceae in
South Korea between 2010 and 2015. Front Microbiol.
2018;9:571.

6. Gupta AK, Rastogi G, Nayduch D, Sawant SS, Bhonde RR,
Shouche YS. Molecular phylogenetic profiling of gut-
associated bacteria in larvae and adults of flesh flies. Med Vet
Entomol. 2014;28:345-54.

7. Mello RP. Chave para identificagdo das formas adultas das espécies
da familia Calliphoridae (Diptera, Brachycera, Cyclorrhapha)
encontradas no Brasil. Entomol Vect. 2003;10:255-68.

8. Clinical and Laboratory Standards Institute. M100: performance
standards for antimicrobial susceptibility testing. 27" ed.
Wayne: CLSI; 2017.

9. Poirel L, Walsh TR, Cuvillier V, Nordmann P. Multiplex PCR for
detection of acquired carbapenemase genes. Diagn Microbiol
Infect Dis. 2011;70:119-23.

Rev Inst Med Trop Sao Paulo. 2019;61:e32

13.

14.

16.

17.

19.

20.

. Carattoli A, Bertini A, Villa L, Falbo V, Hopkins KL, Threlfall

EJ. Identification of plasmids by PCR-based replicon typing. J
Microbiol Methods. 2005;63:219-28.

. Kado CI, Liu ST. Rapid procedure for detection and isolation of

large and small plasmids. J Bacteriol. 1981;145:1365-73.

. Sambrook J, Russell DW. Molecular cloning: a laboratory manual.

3 ed. Cold Spring Harbor: Cold Spring Harbor Laboratory
Press; 2001.

Zahner V, Lucarotti CJ, Mclntosh D. Application of 16S rDNA-
DGGE and plate culture to characterization of bacterial
communities associated with the sawfly, Acantholyda
erythrocephala (Hymenoptera, Pamphiliidae). Curr Microbiol.
2008;57:564-9.

van der Zwaluw K, de Haan A, Pluister GN, Bootsma HJ, de
Neeling AJ, Schouls LM. The carbapenem inactivation method
(CIM), a simple and low-cost alternative for the Carba NP test
to assess phenotypic carbapenemase activity in gram-negative
rods. PLoS One. 2015;10:e0123690.

. Naas T, Cuzon G, Villegas MV, Lartigue MF, Quinn JP, Nordmann

P. Genetic structures at the origin of acquisition of the
B-lactamase blaKPC gene. Antimicrob Agents Chemother.
2008;52:1257-63.

Castanheira M, Deshpande LM, DiPersio JR, Kang J, Weinstein
MP, Jones RN. First descriptions of blaKPC in Raoultella spp.
(R. planticola and R. ornithinolytica): report from the SENTRY
Antimicrobial Surveillance Program. J Clin Microbiol.
2009;47:4129-30.

Yao'Y, Lazaro-Perona F, Falgenhauer L, Valverde A, Imirzalioglu
C, Dominguez L, et al. Insights into a novel blaKPC-2-encoding
IncP-6 plasmid reveal carbapenem-resistance circulation in
several Enterobacteriaceae species from wastewater and a

hospital source in Spain. Front Microbiol. 2017;8:1143.

. Wang Y, Zhang R, Li J, Wu Z, Yin W, Schwarz S, et al.

Comprehensive resistome analysis reveals the prevalence
of NDM and MCR-1 in Chinese poultry production. Nat
Microbiol. 2017;2:16260.

Nayduch D, Zurek K, Thomson JL, Yeater KM. Effects of
bacterial dose and fly sex on persistence and excretion of
Salmonella enterica serovar Typhimurium from adult house
flies (Musca domestica L.; Diptera: Muscidae). ] Med Entomol.
2018;55:1264-70.

Weingarten RA, Johnson RC, Conlan S, Ramsburg AM, Dekker
JP, Lau AF, et al. Genomic analysis of hospital plumbing
reveals diverse reservoir of bacterial plasmids conferring
Carbapenem resistance. MBio. 2018;9:¢02011-7.

Page 3 of 3


https://orcid.org/0000-0003-3939-6703
https://orcid.org/0000-0001-7238-7943

