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Abstract.

Human coronavirus (HCoV) NL63 is recognized as a common cause of upper respiratory infections and

influenza-like illness. In screening children with acute undifferentiated febrile illness in a school cohort in rural Haiti,
we identified HCoV-NL63 in blood samples from four children. Cases clustered over an 11-day period; children did not
have respiratory symptoms, but two had gastrointestinal complaints. On phylogenetic analysis, the Haitian HCoV-NL63
strains cluster together in a highly supported monophyletic clade linked most closely with recently reported strains from
Malaysia; two respiratory HCoV-NL63 strains identified in north Florida in the same general period form a separate
clade, albeit again with close linkages with the Malaysian strains. Our data highlight the variety of presentations that
may be seen with HCoV-NL63, and underscore the apparent ease with which CoV strains move among countries, with
our data consistent with recurrent introduction of strains into the Caribbean (Haiti and Florida) from Asia.

Human coronaviruses (HCoVs) are being recognized with
increasing frequency globally as a cause of human respira-
tory infections.'~® Strains are also associated with infections
in animals, with current data suggesting that bats are a
primary reservoir and point of origin for HCoVs.®'° Initially
described in the 1960s, interest in the coronaviruses
increased substantially in the early 2000 with the emergence
of severe acute respiratory syndrome (SARS),"" followed by
the Middle East respiratory syndrome (MERS) coronaviruses
(CoV) in 2012.'2 Other than SARS-CoV and MERS-CoV,
which have tended to occur in more delimited epidemics,
four coronaviruses are currently recognized as being endemic
in human populations: HCoV-229E, HCoV-OC43, HCoV-
NL63, and HCoV-HKU1.®

Our group works closely with the school clinic that serves
four schools operated by the Christianville Foundation in
the Gressier/Leogane region of Haiti, some 20 miles west
of Port-au-Prince. The schools have a total of approxi-
mately 1,250 students, from prekindergarten to grade 12.13
Because of our interest in monitoring arboviral transmission
within this population, we have protocols in place for the
collection of diagnostic blood samples from children
presenting to the school clinic with acute undifferentiated
febrile iliness (i.e., febrile illness with no localizing signs,
such as would be expected with pneumonia, upper respira-
tory infections, urinary tract infections). The protocol for
sample collection was approved by the University of Florida
Institutional Review Board (IRB) and the Haitian National
IRB, and written parental informed consent was obtained
from parents or guardians of all study participants.
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CASE REPORTS

Between May 2014 and February 2015, blood samples
were obtained at the school clinic from a total of 177 children
who met criteria for the diagnosis of acute undifferentiated
febrile illness. HCoV-NL63 was identified in samples from
four case patients seen between January 16 and January 27,
2015. Ages ranged from 3 to 10 years (mean 6 years). All
presented with subjective symptoms of fever, although only
two were febrile when examined (39°C and 38.5°C, respec-
tively). Two complained of headache, whereas two com-
plained of “abdominal flu.” In keeping with the criteria
for enroliment in the study, no respiratory symptoms or
symptoms consistent with croup were reported. Routine
stool cultures and examination for ova and parasites were
performed on stool samples from all four children, as pre-
viously described'®: Giardia was identified in the stool
sample of one of the children with abdominal complaints,
and Blastocystis was identified in one of the children with no
gastrointestinal (Gl) complaints. No bacterial pathogens
were identified on stool culture. Malaria screens on all four
children were negative. In all instances, illness was mild and
self-limited, and children recovered without sequelae.

Plasma samples were cultured using cell lines and condi-
tions as previously described,’*'® and as reported in detail
in the Supplemental Information that accompanies this publi-
cation. In brief, aliquots of plasma (25-100 pL) from each
patient were inoculated in duplicate onto five different cell
lines (A549, LLC-MK2, MDCK, MRC5, and Vero E6). Cell cul-
tures from each of the four patients displayed cytopathic
effects (CPEs) that were clearly different from those
observed in cells in which alpha-, flavi-, and other viruses
were isolated (Figure 1). The CPE were most obvious in
LLC-MK2 cells and less so in Vero E6 incubated at either
33°C or 37°C.

Primary screens of spent culture from these cell cultures
by reverse transcription polymerase chain reaction (RT-PCR)
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Ficure 1. LLC-MK2 cells. Noninoculated cells (A) appear crowded 13 days postseed; no spaces are present between the cells and the nuclei
have prominent nucleoli. (B) Cells 13 days postinoculation with plasma sample four appear different: the nuclei of the infected cells appear
larger, lack prominent nucleoli, and have visibly darker nuclear borders (black arrows), and clearings due to detachment of dead cells are evi-
dent, as are a few refractile floating dead cells. The virus grew at both 33°C and 37°C; this figure shows virus in cells grown at 33°C. The
appearance of the nuclei of the infected LLC-MK2 cells is consistent with HCoV-NL63 infections. Localization to the nucleolus is a common
feature of coronavirus nucleoproteins, resulting in the accumulation of cells in the M-phase of the cell cycle (nucleoli are absent in dividing cells),
and the formation in syncytia in a fraction of the cells. Moreover, immature HCoV-NL63 particles form in the rough endoplasmic reticulum (RER)
surrounding the nucleus, and the dark border surrounding the enlarged nuclei in Figure 1B are likely due to cellular changes in the RER of the
infected cells. Representative photomicrographs of cytopathic effects of other viral species are shown in Supplemental Figures 1-3.

were negative for arena-, alpha-, entero-, and flavivirus viral
genomic RNAs (VRNAs); however, they were positive for
HCoV-NL63 using the GenMark eSensor XT-8 RVP system
(eSensor RVP; GenMark Diagnostics, Inc., Carlsbad, CA).
The agent isolated in these cultures was subsequently con-
firmed as HCoV-NL63 by RT-PCR and sequencing of the
amplicons and the virus genome. Similar methods were
used to obtain sequence data for HCoV-NL63 from two
positive respiratory samples collected in July and Septem-
ber 2015, respectively, at University of Florida Health/
Shands Hospital in Gainesville, FL. GenBank accession num-
bers: HCoV-NL63/Haiti: KT266906; KX179494- KX179499.
HCoV-NL63/Florida: KT381875.1; KU521535.1.

A multiple sequence alignment was assembled including
192 HCoV-NL63 spike gene region reference sequences,
downloaded from National Center for Biotechnology
Information (see Supplemental Table 1 for details about
the reference sequences), plus the four Haitian sequences
and the two sequences from University of Florida Health.
The locations of the reference sequences considered for
the analysis were Belgium, China, Ghana, Hong Kong,
Japan, Malaysia, Netherlands, Sweden, Thailand, and the
United States. The evolutionary model was chosen as the
best-fitting nucleotide substitution model in accordance
with the results of the hierarchical likelihood ratio test
implemented with the Modeltest software version 3.7.'°
See supplemental Information for a complete description of
phylogenetic methods.

Bayesian factor (BF) analysis showed that a significant
better fit for the relaxed rather than the strict molecular
clock model (LnBF > 15 in favor of the former). Under
the relaxed clock, the BF analysis also showed that the
nonparametric Bayesian skyline plot was the best-fitting
demographic model (LnBF > 53 for each comparison).
The estimated mean evolutionary rate was 7.02 x 107
substitutions/site/year (95% high posterior density [HPD]
3.97 x 107%-1.09 x 107%). The Maximum Clade Credibility
tree shows three main supported clades (Figure 2) with no
particular geographic structure, although it is clear that the

older lineages, close to the root of the tree are from United
States with a most recent common ancestor dating back to
the mid-1970s (a tree with reference labels is provided in
Supplemental Figure 4).

The four new Haitian isolates belonged to genotype C
and clustered within a well-supported (P > 0.95) sub-clade
with a most recent common ancestor dating back to 2013
(95% high posterior density intervals 2012—2014). The two
Florida sequences also clustered with genotype C sequences
and formed a separate but highly supported sub-clade (P >
0.95), with a most recent common ancestor dating back to
2014 (95% HPD intervals 2013.5-2014.5). The Haitian and
Florida isolates and a strain from Malaysia are part of a
larger sub-clade branching off independently from several
genotype C Malaysian sequences,'” which would suggest
an Asian origin for the new strains, although the sub-clade
does not have strong statistical support (P < 0.9). Overall,
the data are consistent with at least two recent and inde-
pendent introductions of HCoV-NL63 virus in the region
(one in Haiti, one in north Florida), possibly originating from
east Asia.

DISCUSSION

HCoV-NL63 is widely distributed in human populations,
and has been isolated from patients with symptoms ranging
from those of a mild “common cold” to influenza-like iliness,
and, rarely, pneumonia and more severe lower respiratory
infections.’™ Cases tend to cluster, often in winter/late winter
months in temperate areas, although there is a wide varia-
tion in seasonality in different parts of the world. In com-
parison to the other common HCoV groups, NL63 has been
reported as the most common cause of croup in infants
< 6 months of age.” It is also commonly seen as a coinfec-
tion with other known pathogenic viruses (38% of total
cases in one study were infected with two or more
viruses7), and, in a study in Ghana, which compared chil-
dren with respiratory symptoms with control children with-
out such symptoms, HCoV-NL63 was significantly more
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Ficure 2. Maximum Clade Credibility tree of HCoV-NL63 spike gene region. Branches are colored according to the legend to the left where
each color represents the geographic location of the sampled sequence (tip branches), as well as of the ancestral lineage (internal branches)
inferred by Bayesian phylogeography. The tree was scaled in time by enforcing a relaxed molecular clock (see Supplemental Information).
One asterisk along the branch represents significant statistical support (posterior probability > 90%). Sequence labels for the new strains are

shown.

common among control children than case children (8.5%
versus 6.8%, P = 0.022).2 HCoV (including HCoV-NL63) have
also been identified in stool samples from children with acute
gastroenteritis; however, 82% of patients from whom HCoV
were isolated also had either norovirus or rotavirus in the
stool sample.’® Taken together, these data paint a picture of
a widely distributed virus, present in the respiratory and Gl
tract, with uncertain pathogenicity, possibly due to inher-
ently low virulence and/or the impact of high levels of prior
immunity in the general population.

In this study, we isolated HCoV-NL63 from a small cluster
of children with febrile illness, without respiratory symptoms,
in January in rural Haiti. As our primary goal was to screen
for arboviruses, we specifically excluded children with respi-
ratory symptoms from sample collection, so we cannot be
certain how many of this latter group might also have been
infected with/carrying HCoV-NL63. What was unexpected
was the isolation of this specific coronavirus group from
blood, which, to our knowledge, has not been previously

reported. However, viremia is not totally unexpected: HCoV-
NL63 is capable of infecting human kidney cells in tissue cul-
ture'® by using the same cell receptor (ACE2 receptor) as
SARS-CoV, which causes systemic illness, and is shed in
respiratory secretions, urine, and stools, with presumptive
hematogenous spread. The clinical significance of the vire-
mia in our specific cases is uncertain. All case patients were
febrile, and two had Gl complaints (although one of the two
with Gl complaints also had Giardia on stool examination).
Our findings indicate that viremia with HCoV-NL63 does
occur, and raise the possibility that it can cause a mild febrile
illness in otherwise healthy children, without respiratory man-
ifestations, but, possibly, with diarrhea.

At a phylogenetic level, our Haitian isolates were most
closely linked with isolates from Malaysia. We also sequenced
two HCoV-NL63 isolates from respiratory samples at Univer-
sity of Florida Health in Gainesville: they clustered together
within a separate monophyletic clade, with a separate link
back to Malaysian strains. These findings underscore the
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apparent ease with which coronavirus strains can spread at
a global level, findings in keeping with the observed conti-
nental jumps of both SARS-CoV and MERS-CoV.2°
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