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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 reservoir hosts is needed to assess their effects on public health.
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To the Editor: Previous studies have suggested that
protozoa may promote horizontal gene transfer among
bacterial species (1,2). 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 bacteriophages, and conjugation by acquisition of DNA through plasmids 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 qnr 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 (5).
Donor and recipient bacteria, previously grown in LuriaBertani broth for 5 h at 37°C, were mixed in equal numbers (109 CFU/mL) with or without T. thermophila strain
SB1969 (105 cells/mL) in Page’s amoeba saline for 24 h,
as previously described (1). Heat-treated ciliates, exposed
for 10 min at 90°C, were also tested to determine whether
viable organisms are required for gene transfer. Conjugation experiments were performed at 37°C, and, after the
incubation period, the cultures were treated as previously
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described (1). Transconjugants were then selected on Luria-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 recipient. Antibiotic susceptibility tests were also determined
by using the broth microdilution method according to Clinical 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 significant (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 × 10–7 to 2.8 × 10–6 and from 1.2 × 10–7
to 1.6 × 10–6 in E. coli transconjugants of K. oxytoca (qnrBpositive strain) and E. coli (qnrA-positive strain), respectively (Figure). However, there were no differences in MIC
values of ciprofloxacin and ofloxacin between transconjugants 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. Moreover, no statistically significant differences were found in
gene transfer efficiency between cultures exposed to heattreated ciliates and those not exposed to ciliates. This finding suggests that the cell components of ciliates do not promote 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

through co-accumulation in their vesicles (1). Because protozoa are widely distributed in diverse environments, they
may constitute a key environmental reservoir for acquisition and spread of antibiotic-resistance genes among bacteria, 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. According to recent data from the European Centre for Disease 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, further studies are needed to determine the role of protozoa,
such as ciliates, in the emergence and spread of antibioticresistant bacteria and to inform the implementation of appropriate 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 (1).
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 epithelial cells of small and large intestines and causes highly contagious infection in pigs. The disease is characterized by watery diarrhea, vomiting (leading to subsequent dehydration),
and high rates of death, especially in young piglets; thus, outbreaks cause substantial economic losses to the swine industry (1). 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

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 replication of PEDV in Vero cells (4): trypsin cleaves the spike
protein of PEDV into 2 subunits that mediate cell-to-cell fusion and virus entry into the cells (5).
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 epithelial marker (pan-cytokeratin), and show extensive proliferation 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 surface (online Technical Appendix Figure 1, http://wwwnc.
cdc.gov/EID/article/21/3/14-1658-Techapp1.pdf).
Next, we examined PEDV replication in MK-DIECs. The cells were cultured in medium containing equal
amounts of Dulbecco modified Eagle medium; Mammary Epithelial Growth Medium (Lonza, Walkersville,
MD, USA) supplemented with bovine pituitary extract
(70 µg/mL), human epidermal growth factor (5 ng/mL), insulin (5 µg/mL), and hydrocortisone (0.5 µg/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

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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