
Reply to Kerkhove et al and Oh

TO THE EDITOR—We appreciate the valu-
able comments of Kerkhove et al [1]
and Oh [2] on our recent study [3]. The
purpose of our immunofluorescence
assay was to confirm the presence of rep-
licating virus in cultures of the air and in
surface samples. As Oh points out, com-
pared with cells infected with the clinical
isolate, fewer cells infected with the envi-
ronmental sample showed positive viral
antigen detection results after prolonged
incubation. This finding can be explained
by the difference in the number of viable
virus particles in the inocula used; the
clinical isolate, Middle East respiratory
syndrome coronavirus (MERSCoV)/
Korea/Korea National Institute of Health
(KNIH)/002_05_2015, was previously
adapted in Vero cells, with viral yields
of >1.4 × 105 plaque-forming units/mL,
whereas the environmental isolates were
used immediately after their collection
from the air and environmental surfaces.
Characterizing the replication capabilities
of the clinical and environmental isolates
would require additional studies directly
comparing their replication kinetics in
cells infected with each isolate at the
same multiplicity of infection.

Regarding the concern about the se-
quence differences between the spike
genes of the 19 environmental isolates, we
found that their similarities ranged from
97% to 100% (Supplementary Figure 2)
when we analyzed the entire readouts
from Sanger sequencing of the reverse-
transcription products with the Basic
Local Alignment Search Tool alogrithm.
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Common limitations of DNA sequencing
by the Sanger method include poor quality
of the first 15–40 bases of sequences owing
to primer binding, as well as deterioration
of sequencing traces after 700–900 bases.
All the incomplete matches between our
environmental samples (subjects) and the
MERS-CoV/Korea/KNIH/002_05_2015
clinical isolate (nucleotide 22 300 to ap-
proximately 22 628) were restricted to
the first 15–40 bases, where poor primer
binding occurs. In fact, recent complete
sequencing of the spike genes of the
environmental isolates yielded 100% ho-
mology with the target region (nucleotides
22 300 to approximately 22 628) (data not
shown). Characterizing genotypic variation
would require additional studies comparing
full-genome sequences of the environmen-
tal isolates and clinical isolate.

We reported that viable MERS-CoV
could be detected in the air and on
surfaces further than the spread of wet
droplets, and this finding is consistent
with those of other researchers. An
earlier study conducted in Korea detected
MERS-CoV by means of reverse-
transcription polymerase chain reaction
at the entrance of air-ventilating equip-
ment [4]. In addition, several studies per-
formed at Pyungtaek St Mary Hospital
(the first epidemiologic hotspot) and
Samsung Medical Center (the second ep-
idemiologic hotspot) in South Korea dur-
ing the MERS outbreak consistently
obtained positive MERS-CoV polymerase
chain reaction results with environmental
swab samples from the entrance of air-
ventilating equipment [5, 6]. Hence, it
seems reasonable to conclude that some
small droplets or droplet nuclei can travel
>1–2 m under certain conditions of air-
flow. However, we appreciate the com-
ment of Kerkhove et al [1] that the
presence of cultivable MERS-CoV in the
air does not provide evidence of airborne
transmission. We believe that the mode of
transmission depends not only on particle
size but also on the amount of virus pre-
sent in each particle. With respect to Oh’s
last comment [2], we collected large
amounts of room air, but we were unable

to measure the amount of MERS-CoV in
the samples because they had to be ampli-
fied in the cell culture system.
Finally, we would like to emphasize cer-

tain details of the air sampling procedure.
We placed the air sampler ≥3–4 m from
the patients in hospital A, and ≥2–3 m
away from the patient in hospital B. No
coughing or sneezing was observed, and
all 3 patients stayed in their rooms during
the sampling process. The patient in hospi-
tal B was bedridden at the time, but the iso-
lation rooms occupied by other patients
shared a common corridor with his room.
Therefore, it is not impossible that other
MERS-infected patients left their rooms be-
fore the sampling, but we are sure that none
passed along the corridor during sampling.
In addition, the 2 patients in hospital A
were kept in rooms with ≥12 air changes
per hour and received mechanical ventila-
tion during the environmental sampling;
they also routinely underwent both open
(owing to thick sputum) and closed endo-
tracheal suction. Therefore the air sampling
in hospital A was performed in the in-
tervals (30–60 minutes after the suction)
between the endotracheal suction proce-
dures. Because we did not wish to disturb
the routine clinical procedures in the
MERS isolation wards, our findings reflect
the real clinical situation. They imply that
the possible presence of some culturable
MERS-CoV particles in the air of intensive
care units with MERS-infected patients
should not be dismissed out of hand until
the results of further studies are available.
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