ectoparasite and animal hosts raises concern about their
potential risk to human and animal health. Further study on
the interactions between the microbes, vectors, and reser-
voir hosts is needed to assess their effects on public health.

Acknowledgments

We thank the Department of Wildlife and National Parks Penin-
sular Malaysia, Kuala Lumpur, Malaysia, for permission to con-
duct this study (reference no. JPHL&TN[IP]-80-4/2Jilid15[51]).

This project was funded by grants HIR-MOHE E000013-
20001 (subprogramme 4), UM.C/625/1/HIR-MOHE/
CHAN/11, and UMRG RP013-2012A from the University of
Malaya, Kuala Lumpur.

References

1. Gumert MD. The common monkey of Southeast Asia: long-tailed
macaque populations, ethnophoresy, and their occurrence in human
environments. In: Fuentes A, Gumert M, Jones-Engel L, editors.
Monkeys on the edge: ecology and management of long-tailed
macaques and their interface with humans. Cambridge (UK):
Cambridge University Press; 2011. p. 3—12.

2. Maggi RG, Mascarelli PE, Balakrishnan N, Rohde CM, Kelly CM,
Ramaiah L, et al. “Candidatus Mycoplasma haemomacaque” and
Bartonella quintana bacteremia in cynomolgus monkeys. J Clin Mi-
crobiol. 2013;51:1408-11. http://dx.doi.org/10.1128/JCM.03019-12

3. Tay ST, Mokhtar AS, Low KC, Mohd Zain SN, Jeffery J,

Abdul Aziz N, et al. Identification of rickettsiae from wild rats and
cat fleas in Malaysia. Med Vet Entomol. 2014;28(Suppl 1):104-8.
http://dx.doi.org/10.1111/mve.12075

4. Parola P. Rickettsia felis: from a rare disease in the USA to a com-
mon cause of fever in sub-Saharan Africa. Clin Microbiol Infect.
2011;17:996-1000. http://dx.doi.org/10.1111/
j.1469-0691.2011.03516.x

5. Odhiambo AM, Maina AN, Taylor ML, Jiang J, Richards AL.
Development and validation of a quantitative real-time polymerase
chain reaction assay specific for the detection of Rickettsia felis
and not Rickettsia felis—like organisms. Vector Borne Zoonotic Dis.
2014;14:476-81.

6. Dumler JS, Barbet AF, Bekker CP, Dasch GA, Palmer GH, Ray SC,
et al. Reorganization of genera in the families Rickettsiaceae and
Anaplasmataceae in the order Rickettsiales: unification of some spe-
cies of Ehrlichia with Anaplasma, Cowdria with Ehrlichia and
Ehrlichia with Neorickettsia, descriptions of six new species
combinations and designation of Ehrlichia equi and ‘HGE agent’ as
subjective synonyms of Ehrlichia phagocytophila. Int J Syst Evol
Microbiol. 2001;51:2145-65. http://dx.doi.org/10.1099/00207713-
51-6-2145

7. Krawczak FS, Nieri-Bastos FA, Nunes FP, Soares JF,
Moraes-Filho J, Labruna MB. Rickettsial infection in Amblyomma
cajennense ticks and capybaras (Hydrochoerus hydrochaeris) in a
Brazilian spotted fever—endemic area. Parasit Vectors. 2014;7:7.
http://dx.doi.org/10.1186/1756-3305-7-7

8. Parola F, Roux V, Camicas JL, Baradji I, Brouqui P, Raoult D.
Detection of ehrlichiae in African ticks by polymerase chain reac-
tion. Trans R Soc Trop Med Hyg. 2000;94:707-8. http://dx.doi.
0rg/10.1016/S0035-9203(00)90243-8

9. Pinyoowong D, Jittapalapong S, Suksawat F, Stich RW,
Thamchaipenet A. Molecular characterization of Thai Ehrlichia
canis and Anaplasma platys strains detected in dogs. Infect Genet
Evol. 2008;8:433-8. http://dx.doi.org/10.1016/
j.meegid.2007.06.002

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 21, No. 3, March 2015

LETTERS

10. Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGAG6:
Molecular Evolutionary Genetics Analysis version 6.0. Mol Biol
Evol. 2013;30:2725-9. http://dx.doi.org/10.1093/molbev/mst197

Address for correspondence: Sun Tee Tay, Department of Medical
Microbiology, Faculty of Medicine, University of Malaya, Kuala
Lumpur 50603, Malaysia; email: tayst@um.edu.my

Effect of Ciliates in Transfer
of Plasmid-Mediated
Quinolone-Resistance
Genes in Bacteria

Jose Luis Balcazar

Author affiliation: Catalan Institute for Water Research,
Girona, Spain

DOI: http://dx.doi.org/10.3201/eid2103.141549

To the Editor: Previous studies have suggested that
protozoa may promote horizontal gene transfer among
bacterial species (/,2). This process is largely, although
not exclusively, responsible for increasing the incidence of
antibiotic-resistant bacteria through various mechanisms,
such as transformation by acquisition of naked DNA,
transduction by acquisition of DNA through bacteriophag-
es, and conjugation by acquisition of DNA through plas-
mids or conjugative transposons (3,4). Because antibiotic
resistance may be mediated by horizontal gene transfer,
it is necessary to understand whether protozoa, which are
widely distributed in nature, facilitate the acquisition and
spread of antibiotic resistance genes. The aim of this study
was to explore whether the ciliated protozoan Tetrahymena
thermophila promotes the transfer of plasmid-mediated
quinolone-resistance (PMQR) genes in bacteria.

Two gnr gene—positive bacterial strains (Klebsiella
oxytoca and Escherichia coli) were chosen as donors, and
azide-resistant E. coli strain J53 was used as a recipient for
the assessment of gene transfer frequency. The K. oxytoca
and E. coli strains were previously isolated and identified
from the Ter River (Ripoll, Spain) in the framework of a
multidisciplinary study on antibiotic-resistant bacteria (3).
Donor and recipient bacteria, previously grown in Luria-
Bertani broth for 5 h at 37°C, were mixed in equal num-
bers (10° CFU/mL) with or without 7. thermophila strain
SB1969 (10° cells/mL) in Page’s amoeba saline for 24 h,
as previously described (/). Heat-treated ciliates, exposed
for 10 min at 90°C, were also tested to determine whether
viable organisms are required for gene transfer. Conjuga-
tion experiments were performed at 37°C, and, after the
incubation period, the cultures were treated as previously
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described (/). Transconjugants were then selected on Lu-
ria-Bertani agar plates containing sodium azide (100 mg/L)
and nalidixic acid (6 mg/L). The gene transfer frequency
was estimated as the number of transconjugants for each re-
cipient. Antibiotic susceptibility tests were also determined
by using the broth microdilution method according to Clin-
ical and Laboratory Standards Institute guidelines (6). All
data were derived from >3 independent experiments, and
statistical analyses were performed by using analysis of
variance modeling, in which p<0.05 was considered sig-
nificant (SPSS 17.0 software; IBM, Chicago, IL, USA).
The results revealed that the frequency of gene transfer
between bacteria exposed to ciliates increased significantly
(p<0.05), from 1.5 x 107 to 2.8 x 10% and from 1.2 x 1077
to 1.6 x 10 in E. coli transconjugants of K. oxytoca (gnrB-
positive strain) and E. coli (gnrA-positive strain), respec-
tively (Figure). However, there were no differences in MIC
values of ciprofloxacin and ofloxacin between transconju-
gants obtained from cultures exposed to ciliates and those
from untreated cultures. These results suggest that, even
though ciliates promote the transfer of PMQR genes, they
did not induce increased expression of these genes. More-
over, no statistically significant differences were found in
gene transfer efficiency between cultures exposed to heat-
treated ciliates and those not exposed to ciliates. This find-
ing suggests that the cell components of ciliates do not pro-
mote gene transfer and, therefore, other mechanisms may
be responsible for this phenomenon. In fact, the presence
of ciliates may increase the frequency of gene transfer by
facilitating contact between donor and recipient bacteria
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Figure. Box plot chart showing effects of ciliates on the
transfer frequency of plasmid-mediated quinolone-resistance
genes between Escherichia coli strain J53 and qnrB-positive
Klebsiella oxytoca strain (white boxes) or gnrA-positive E. coli
strain (black boxes). Box plots are divided by medians (black or
white bars) into upper quartile and lower quartile ranges. Error
bars indicate minimum and maximum values. Asterisks indicate
a statistically significant difference (p<0.05) between treated
and untreated cultures.
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through co-accumulation in their vesicles (/). Because pro-
tozoa are widely distributed in diverse environments, they
may constitute a key environmental reservoir for acquisi-
tion and spread of antibiotic-resistance genes among bacte-
ria, including human pathogens.

The study findings demonstrate that ciliates increase
the transfer of PMQR genes in bacteria. These findings
may therefore have important public health implications
because the presence of ciliates would promote the spread
of antibiotic resistance genes among bacterial species. Ac-
cording to recent data from the European Centre for Dis-
ease Prevention and Control (http://www.ecdc.europa.eu/),
each year, 25,000 persons in the European Union die as
a direct result of antibiotic-resistant infections. Thus, fur-
ther studies are needed to determine the role of protozoa,
such as ciliates, in the emergence and spread of antibiotic-
resistant bacteria and to inform the implementation of ap-
propriate public health strategies, policies, and mitigation
programs. Elucidation of the mechanisms involved could
lead to a better understanding of why some protozoa can
promote gene transfer between bacteria.
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To the Editor: Porcine epidemic diarrhea virus (PEDV)
was first detected in pigs in the United States in May 2013 (/).
Since then, according to the American Association of Swine
Veterinarians (https://www.aasv.org, see link to number of
new cases reported), PEDV has spread to 41 states, and as of
October 15, 2014, 8,622 confirmed cases of PEDV infection
have been reported in swine. PEDV (family Coronaviridae,
genus Alphacoronavirus) is an enveloped, positive-sense,
single-stranded RNA virus (2). The virus replicates in epithe-
lial cells of small and large intestines and causes highly con-
tagious infection in pigs. The disease is characterized by wa-
tery diarrhea, vomiting (leading to subsequent dehydration),
and high rates of death, especially in young piglets; thus, out-
breaks cause substantial economic losses to the swine indus-
try (/). Variants of the original virulent PEDV have recently
been isolated in the United States, making development of a
vaccine to protect against this devastating disease even more
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challenging (3). Vero cells are used for the isolation of virus
from clinical samples and for virus propagation and titration
and virus neutralization studies. The addition of exogenous
trypsin in culture medium is a prerequisite for efficient rep-
lication of PEDV in Vero cells (4): trypsin cleaves the spike
protein of PEDV into 2 subunits that mediate cell-to-cell fu-
sion and virus entry into the cells ().

We examined PEDV replication in a newly established
immortalized duck intestinal epithelial cell (MK-DIEC)
line, which was generated from the intestinal tissues of
a 19- day-old white Pekin duck embryo. MK-DIECs are
cuboidal (characteristic of epithelial cells), express epithe-
lial marker (pan-cytokeratin), and show extensive prolif-
eration in culture. Several coronaviruses, including PEDV,
use aminopeptidase N (APN) as the cellular receptor for
attachment to cells (6). As a first step, we used a rabbit
polyclonal anti-human APN antibody (Abcam, Cambridge,
MA, USA) in an indirect immunofluorescence assay (IFA)
to examine whether MK-DIECs express APN. We found
that nearly 100% of the cells expressed APN on their sur-
face (online Technical Appendix Figure 1, http://wwwnc.
cdc.gov/ElD/article/21/3/14-1658-Techapp.pdf).

Next, we examined PEDV replication in MK-DI-
ECs. The cells were cultured in medium containing equal
amounts of Dulbecco modified Eagle medium; Mam-
mary Epithelial Growth Medium (Lonza, Walkersville,
MD, USA) supplemented with bovine pituitary extract
(70 pg/mL), human epidermal growth factor (5 ng/mL), in-
sulin (5 pg/mL), and hydrocortisone (0.5 pg/mL); and 2%
fetal bovine serum. Near confluent cells were infected with
PEDV at a multiplicity of infection of 0.1. The Colorado
strain of PEDV (obtained from the National Veterinary

Trypsin 5 pg/mL

Trypsin 10 pg/mL

Figure. Replication of porcine epidemic diarrhea virus (PEDV) in a newly established immortalized duck intestinal epithelial cell line
(MK-DIEC) infected with PEDV at a multiplicity of infection of 0.1 in the presence of different concentrations of trypsin. A) Twenty-four
hours after infection, PEDV nucleoprotein in infected cells was detected by immunofluorescence assay using fluorescein isothiocyanate—
labeled nucleoprotein-specific monoclonal antibody. B) PEDV-induced cytopathic effect in MK-DIEC cells 36 h after infection.
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