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Neisseria meningitidis carriage in indigenous peoples of n
Amazonas State, Brazil &

Dear Editor,

In this Journal, Basta and colleagues recently reported rates of
meningococcal carriage within households in the African menin-
gitis belt.! We report the results of an investigation of Neisse-
ria meningitidis carriage in indigenous communities with different
contact patterns with non-indigenous in the state of Amazonas,
Brazil. A feature of the nature of this bacterium is its transmission
from person to person, which normally results in asymptomatic
pharyngeal carriage, and progression to disease is an exception.?
Indigenous peoples are at higher risk for invasive diseases caused
by encapsulated bacteria such as N. meningitidis compared to other
population.> Meningococcal disease is a serious threat for indige-
nous people living in the state of Amazonas, where there is insuf-
ficient epidemiological information to optimize the planning and
implementation of interventions.*:>

A cross-sectional meningococcal carriage study in three differ-
ent indigenous ethnic groups - i.e.,, Mura, Munduruku, and Mura-
Pirahd - located near the course of Madeira River in the state of
Amazonas, Brazil, was carried out in 2016 and 2017 (Fig. 1).

The study was approved by the National Commission for Re-
search Ethics (CONEP) of the Ministry of Health (protocol 1.351.186)
and the local Indigenous Council. Surveillance data of meningo-
coccal disease was obtained from the Indigenous Special Sanitary
District (DSEI) of Manaus and the Amazonas State Department of
Health.

The indigenous villages were visited prior to the meningococcal
carriage investigation for a survey of the number of inhabitants
and the presentation of the study to the leaders. Demographic
data, antibiotic use within the last month, alcohol consumption,
and smoking were obtained from each individual enrolled, as well
as consent for participation. Vaccine status was obtained from
individual vaccination booklet or indigenous health records. The
number of persons per house was obtained with the chief of the
family group. The housing models in each village are presented in
Fig. 2.

The Mura (access by road or waterway) and the Munduruku
(access by waterway) communities are located less than 30km
from the nearest city, with daily or regular displacement of indige-
nous and without restriction or sporadic entry of non-indigenous
into the village, respectively. The Mura-Pirahd live in a remote
area (access by waterway) located about 140 km from the nearest
city, and contact with other people is sporadic and usually occurs
outside the village (Fig. 1).

Altogether, 586 individuals aged 1 month to 96 years were ex-
amined with throat swabs by a single investigator (Table 1). Sam-
ples were taken with Rayon swabs (per-oral) from the posterior

https://doi.org/10.1016/j.jinf.2020.01.022

pharyngeal wall with direct plating onto blood agar plates con-
taining VCNT (Oxoid, Basingstoke, Hampshire, UK) in the field, and
the inoculums were immediately streaked with disposable loops
for isolated colonies. The plates were transported in containers
with CO, atmosphere to the hospital laboratory at the nearest city
within 6-8 h of collection, before being transported to the capital
city of Manaus after overnight culture.

Suspected colonies were subcultured, and bacteria growth with
the appearance of Gram-negative diplococcus and a positive oxi-
dase test were identified using api NH (bioMérieux, Marcy-I'Etoile,
France). Serogroup was determined by slide agglutination with
specific rabbit antisera (BD Difco, Maryland, USA). The genetic lin-
eage of N. meningitidis was determined by multilocus sequence
typing (MLST).5 Sequence types (STs) and alleles at antigenic loci
were assigned by the N. meningitidis MLST database (http://www.
pubmlst.org/neisseria).

A bivariate analysis was performed by using Epi Info™ (ver-
sion 3.5.4, Centers for Disease Control and Prevention, Atlanta, GA,
USA). Differences between groups were assessed using chi-square
tests with Yates’s correction or where appropriate, Fisher's exact
test.

The surveillance system recorded two suspected cases of
meningococcal disease in Mura and Munduruku children in 2014
and 2015, respectively; both cases had a hemorrhagic rash and
died at presentation or following hospital admission.

Demographic data, number of participants, and meningococcal
vaccine status are presented in Table 1. The use of antibiotics in
the last month was reported by 13 Mura and 17 Munduruku.

The frequency of N. meningitidis asymptomatic infection in each
ethnic group is shown in Table 2. Carriage ratio was 1.9% (11/586)
and the age of carriers ranged from 10 to 33 years; mostly was 10
to 19 years (73%; 8/11). There was no statistically significant differ-
ence in the prevalence of carriers between men (2.7%; 8/293) and
women (1%; 3/293) (P=0.1). It was not found a risk factor for car-
riage with N. meningitidis at the individual level. Nonetheless, all
carriers reported frequent displacement to the nearest city.

N. meningitidis isolates were characterized as serogroup B. These
isolates were assigned to ST-13110 (-), ST-13111 (cc1136), which
were novel, and ST-11406 (-). The ST-13110 was isolated only from
Munduruku carriers and ST-11406 from a single Mura carrier. The
ST-13111 is a single-locus variant of ST-1136 that differs at fumC,
which was found in the three ethnic groups.

The rates of meningococcal carriage in teenagers observed in
this study are in line with studies done in other geographical
regions.? Carriage prevalence differences were not statically sig-
nificant among the three ethnic groups. Also, a risk factor for a
positive infection was not established, probably due to the small
number of carriers. A factor that may have affected carriage preva-
lence was the loss of participants and the difficult field conditions.
Thus, the carriage prevalence could be higher than estimated here.

0163-4453/© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Geographical localization of the indigenous villages investigated in the study.

Table 1

Demographic data, number of exams performed, and meningococcal vaccine status of indigenous included in the study.

Total (n=702)

Mura (n=260)

Munduruku (n=270) Mura-Pirahd (n=172)

Male 355 (51%)
Female 347 (49%)
Age

<1 22 (3%)
1-10 234 (34%)
11-20 169 (24%)
21-50 219 (31%)
>50 58 (8%)
Ne of people examined with throat swabs 586 (83%)
Vaccinees with MCC-CRM g7 72 (10%)

127 (49%) 135 (50%) 93 (54%)
133 (51%) 135 (50%) 79 (46%)
10 (4%) 3 (1%) 9 (5%)

68 (26%) 93 (34%) 73(42%)
65 (25%) 77 (29%) 27 (16%)
93 (36%) 77 (29%) 49 (29%)
24 (9%) 20 (7%) 14 (8%)
210 (81%) 268 (99%) 108 (63%)
16 (9%)2 1(0,4%)4 55 (32%)0

A(All individuals < 13 years old); 4(3 years old); B(All individuals < 8 years old).

The genus Neisseria was shown to be common in the oral
microbiota of Amazon Amerindians in Venezuela.” However,
meningococcal carriage investigation had not been performed prior
to this study on indigenous people of Amazonas State, Brazil. There
was a single carriage study conducted in Amazonas State, which
investigated riverside people.” The carriage prevalence of N. menin-
gitidis in the villagers was 3% (2/79) and the majority (67%) of
carriers was over 10 years older.

The coverage with MCC-CRM1g7 vaccine was low and it should
not have had any influence in the fact that no serogroup C
was found. Indeed, serogroup C N. meningitidis is rarely found in
carriers or establish a carrier state of short duration.-?

Molecular typing demonstrated a few clones causing subclini-
cal infection in all three ethnic groups. The ST-11406 and ST-13110

are singleton unrelated to other isolates in the database. The ST-
13111 belongs to ST-1136 clonal complex with STs normally recov-
ered from carriers.'0 Nevertheless, isolates that were not assigned
to a known clonal complex may cause invasive disease,® as is the
case with ST-11406.%

We demonstrated N. meningitidis carriage among indigenous
people investigated in this study, which suggested the pattern
of late acquisition in childhood. Indigenous people in the state
of Amazonas do not have access to basic health care or this
is not easy when needed, with tragic consequences of delayed
treatment of medical emergencies. Therefore, the true burden of
meningococcal disease in indigenous people must be underesti-
mated. Take into account the downhill course of meningococcal
disease and the constraint of indigenous to access hospital care,
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Fig. 2. Housing models in the indigenous villages of the study: Mura (1),

Munduruku (2), and Mura-Piraha (3).

Table 2
Prevalence of Neisseria meningitidis carriage among 586 indigenous from 3 different
ethnic groups and laboratory analysis of nasopharynx isolates.

Carriers Age (years)  Serogroup Sequence Clonal
type complex
2,4% (5/210) Mura (M)
M16/7 (male) 33 B 11406 (-)
M17/6 (female) 13 B 13111 1136
M29/4 (female) 10 B 13111 1136
M50/3 (female) 18 B 13111 1136
M50/4 (male) 16 B 13111 1136
1,5% (4/268) Munduruku (MK)
MK2/3 (male) 15 B 13110 (-)
MK4/5 (male) 19 B 13111 1136
MK10/5 (male) 17 B 13110 (-)
MK13/10 (male) 25 B 13110 (-)
1,8% (2/108) Mura-Pirahd (MP)
MP13 (male) 29 B 13111 1136
MP70 (male) 14 B 13111 1136
1,9% (11/586) Total

immunization should be expanded with vaccines covering the
most common serogroups associated with invasive disease.
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High heart rate at admission as a predictive factor of )

mortality in hospitalized patients with Lassa fever: An &
observational cohort study in Sierra Leone

Dear Editor,

Wauquier et al., in the Journal, shown that heart rate level
greater than 110bpm at hospital admission for Lassa Fever (LF)
is an independent predictive factor associated with a 3.6-fold in-
creased risk of mortality. An estimated 100,000 to 300,000 in-
fections of Lassa fever occur annually, with approximately 5000
deaths, mainly in West Africa.!:2 Despite this high annual mortality
rate, LF has been largely underappreciated regarding its contribu-
tion to the overall burden of microbial infections, and particularly
in Sierra Leone.

To date only a limited number of late indicators of the clinical
outcome are described, such as bleeding, or neurological manifes-
tations.>** It was demonstrated that a rapid evaluation of the clin-
ical outcome and risk of failure detection on clinical presentation
can significantly reduce the mortality rate. For that, the search and
discovery of new biomarkers that are easily and rapidly accessible
become necessary for LF.

We here conducted a retrospective cohort study in confirmed
79 LASV-infected patients admitted on the LF ward at the Ken-
ema Government Hospital (Kenema, Sierra Leone). A Real-Time
Reverse Transcription Polymerase Chain Reaction (RT-PCR) was
performed to confirm LASV infection, as described.” From admis-
sion to discharge, 38 clinical symptoms, including clinical hemor-
rhagic signs and nineteen laboratory test results (including basic
metabolic panel, complete blood count, and liver function tests)

were routinely monitored and compiled into a protected database
which was used for this study (Table 1).

The final outcome was known for all patients, with an over-
all case-fatality rate of 53% [95%CI, 0.42-0.64] (42 of the 79 pa-
tients), close to that previously observed in Sierra Leone.’ The es-
timated median of time to death after the LF onset was about 14
days (95%CI, 11-18), and only 2 days [2-5] after admission to the
hospital. However, the median time to death with no significant
difference of the delay between the LF onset and admission among
the deceased and the survivors. Contrary to our expectations, age
and treatment by Ribavirin or other drugs showed no association
with the LF outcome (Table 1).

In an univariate analysis LF outcome was only significantly as-
sociated with blood urea nitrogen (OR = 1.13 [1.04; 1.28], cre-
atinine (>177pmol/l, OR=7.5 [1.67; 53.9]) and total bilirubin
(OR = 1.09 [1.03; 1.18]) that are biomarkers for kidney function
(Table 1). Furthermore, association with serum alanine aminotrans-
ferase (OR = 1.002 [1.001; 1.003]) is consistent with known liver
malfunction in acute LF, and serum electrolyte perturbations, and
more particularly potassium (OR = 1.97 [1.21; 3.63]), can occur
through multiple mechanisms and are associated with systemic
disease and increased mortality and particularly with heart disease
(Table 1). Consistently, the LF outcome was also mostly associated
with the heart rate (OR = 1.03 [1.01; 1.05]) (Table 1 and Fig. 1(A)).
Multivariate analysis revealed however that only the heart rate
remained significant. By the estimation of Youden’s maximum,’
110bpm was the cut-off (Fig. 1(B)); a heart rate higher than
110bpm increased the risk of mortality by 3.6 times (OR = 3.61
[1.35; 10.22]) with an AUC = 0.68 [95%CI, 0.55-0.80]) (Fig. 1(C)).
Finally, the longitudinal evolution of the heart rate graphically re-
veals differences between the patients who died and survivors dur-
ing the first ten days of the follow-up (Fig. 1(D)), suggesting that
recovery of the normal heart rate is crucial for survival to LASV
infection.

Elevated heart rate is associated with cellular signaling events
leading to vascular endothelial dysfunction, which is a hallmark
of hemorrhagic fevers; previously reported in Ebola virus-infected
patients,® and strongly associated with severe disease in children
with Crimean-Congo hemorrhagic fever.’

Our observations are limited by the small sample size, study-
site nature, and geographic origin; changes in the genome diversity
of the viruses are associated with the spread of LF.19 Despite these
limitations, the measurement of the resting heart rate is an eas-
ily accessible clinical parameter that should be used routinely. This
conveniently acquired marker has the potential to identify patients
with increased fatality risk at the time of admission and could rep-
resent an opportunity to clinically assess the effectiveness of in-
hospital treatment of patients.
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Table 1
Univariable analysis of patient characteristics at admission according to the Lassa fever outcome.
Overall Survived Died Normal Missing OR [os3 CI] p
range
Outcome 79 37 (47) 42 (53) 0
Sociodemograpahics
Gender 0
Man 31 (39) 14 (38) 17 (40.5)
Woman 48 (61) 23 (57) 25 (40.5) 0.67 [0.25; 1.72] 0.41
Pregnant 10 (13) 2 (5) 8 (19) 3.29 [0.69; 24.25] 0.17
Age (years) 22 [14; 30] 20 [13; 32] 22.5 [15.5; 28] 0 0.99 [0.95; 1.02] 0.36
Age (WHO classification)
0-14 years 20 (25) 10 (27) 10 (24)
15-24 years 27 (34) 14 (38) 13 (31) 0.93 [0.29; 2.97] 0.90
25 years and more 32 (41) 13 (35) 19 (45) 146 [0.47; 4.57] 0.51
Delay between first symptoms and 8 [6; 11] 8 [6; 11] 7 [6; 11] 10 (13) 0.81 [0.29; 2.26] 0.69
presentation (days)
Treatments at presentation
Ribavirin 61 (85) 29 (81) 32 (89) 7(9) 193 [0.53; 8.01] 033
Antibiotics 52 (71) 28 (78) 24 (65) 6 (8) 0.53 [0.18; 1.47] 0.23
Antimalarials 7 (10) 4 (11) 3(9) 8 (10) 0.80 [0.15; 3.90] 0.78
Other medicines 45 (62) 19 (56) 26 (67) 6 (8) 1.58 [0.61; 4.13] 0.35
Vital signs at presentation
Respiratory Rate (c/min) 28 [24; 33] 26 [24; 32] 28 [26; 36] 12-20 8 (10) 1.04 [0.99; 1.12] 0.17
Systolic blood pressure (mm Hg) (*) 100 [90; 120] 100 [90; 120] 100 [90; 110] <120 18 (23) 0.31 [0.03; 2.71] 0.30
Diastolic blood pressure (mm Hg) (*) 60 [50; 70] 60 [60; 70] 60 [40; 70] <80 18 (23) 0.12 [0.01; 0.90] 0.049
Heart Rate (bpm) 98 [86; 118] 84 [71; 99] 111 [90; 135] 60-100 8 (10) 1.03 [1.01; 1.05] 0.009
Temperature ( °C) 38.0 [37.0; 38.8] 38.3 [36.0; 38.9] 37.8 [36.9; 38.6] 36.1-37.2 8 (10) 0.74 [0.49; 1.08] 0.12
Laboratory tests
Basic metabolic
Blood Urea Nitrogen (mmol/L) 7.9 [3.7; 19.5] 44 [3.3; 7.9] 11.9 [6.6; 25.8] 2.5-7.9 36 (46) 113 [1.04; 1.28] 0.019
Potassium (mmol/L) 46 [3.9; 5.7] 42 [3.8; 4.8] 5.4 [4.1; 6.6] 3.6-5.1 30 (38) 1.97 [1.21; 3.63] 0.014
Creatinine (umol/L) 123 [72; 219] 87 [58; 123] 168 [91; 326] 53-106 36 (46) 1.004 [1.001; 1.01] 0.07
Creatinine > 177 pumol/L 15 (35) 2 (12) 13 (50) 36 (46) 75 [1.67; 53.9] 0.018
Sodium (mmol/L) 126 [123; 132] 125.0 [123; 129] 127 [123; 133] 128-145 28 (35) 0.99 [0.96; 1.05] 0.97
Calcium (mmol/L) 1.89 [1.74; 2.03] 1.95 [1.89; 1.99] 1.84 [1.72; 2.03] 2-2.58 26 (33) 0.19 [0.012; 1.75] 0.18
Blood cell counts
White Blood Cells (10 U) 14.3 [9.5; 23.3] 111 [7.8; 19.2] 16.4 [12.5; 23.3] 4.3-5.7 56 (71) 1.00 [0.99; 1.00] 0.88
Lymphocytes (%) 39 [26; 52] 35 [27; 50] 46 [27; 50] 20-40 56 (71) 1.01 [0.96; 1.07] 0.76
Monocytes (%) 11[0; 3] 1[0.5; 2.5] 1[0; 3] 2-10 57 (72) 0.86 [0.56; 1.14] 0.33
Liver function
Aspartate aminotransferase (U/L) 267 [70; 1075] 200 [46; 791] 670 [206; 1292] 11-38 60 (76) 1.001  [0.99; 1.002] 0.29
Aspartate aminotransferase > 120U/L 12 (63) 6 (55) 6 (75) 60 (76) 2.5 [0.37; 22.7] 0.37
Alanine aminotransferase (U/L) 712 [280; 1250] 460 [101; 780] 1210 [511; 1519] 10-47 31 (39) 1.002 [1.001; 1.003]  0.003
Alkaline phosphatase (U/L) 296 [125; 554] 183 [96; 318] 483 [161; 774] 42-141 36 (46) 1.002 [3.10°% 0.09
1.004]
Albumin (g/L) 24 [21; 28] 26 [23; 29] 24 [20; 27] 33-55 26 (33) 0.92 [0.82; 1.03] 0.16
Total protein (g/L) 66 [58; 71] 70 [59; 73] 65 [58; 69] 64-81 26 (33) 0.96 [0.90; 1.02) 0.21
Other
Total bilirubin (umol/L) 14 [10; 30] 11 [10; 14] 20 [11.0; 33] 3-27 27 (34) 1.09 [1.03; 1.18] 0.013
Clinical symptoms
Facial/Neck swelling 43(61) 17 (50) 26 (70) 8 (10) 2.36 [0.90; 6.41] 0.084
Severe CNS manifestations 35(53) 14 (42) 21 (64) 13 (16) 2.37 [0.89; 6.54] 0.087
Bleeding 31 (43) 14 (42) 21 (64) 13 (16) 2.37 [0.90; 6.22] 0.085
Diffuse abdominal pain |/ tenderness 45 (74) 20 (65) 25 (83) 18 (23) 2.75 [0.85; 9.95] 0.10
Coughing 57 (79) 25 (71) 32 (86) 7(9) 2.56 [0.80; 9.12] 0.12
Persistent hypotension 27 (44) 12 (38) 15 (52) 18 (23) 179 [0.65; 5.05] 0.27
Retrosternal pain 45 (71) 21 (66) 24 (77) 16 (20) 1.80 [0.60; 5.68] 0.30
Headache 63 (94) 32 (97) 31 (91) 12 (15) 0.32 [0.02; 2.68] 0.34
Sore throat 55 (77) 24 (73) 31 (82) 8 (10) 1.66 [0.54; 5.27] 0.38
Nausea 45 (66) 21 (64) 24 (69) 11 (14) 1.25 [0.45; 3.45] 0.67
Diarrhea generalized 36 (51) 17 (50) 19 (53) 9 (11) 112 [0.44; 2.87] 0.82
Myalgia or arthralgia 71 (97) 34 (97) 37 (97) 6 (8) 1.09 [0.04; 28.24] 0.95

Quantitative data were presented in Median [Q1; Q3] and qualitative data with n (%). Frequencies of missing values were described with n (%). OR: odds-ratio with associated
p-value of Wald test. In bold significant values with p < 0.05. Bleeding was defined as the presentation of vomiting blood, bleeding gums, bleeding nose, bloody stools or
bleeding at injection sites, coughing blood or vaginal bleeding. Severe CNS manifestations was defined as the presence of disorientation, tremors or seizures. Generalized
myalgia or arthralgia was observed if patients suffered from muscle pain, joint pain or general malaise. Persistent hypotension was identified by a systolic blood pressure
strictly inferior to 90 mm Hg or a diastolic blood pressure strictly inferior to 60 mm Hg.
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Fig. 1. The heart rate at admission is associated with a higher risk of mortality for the 79 LASV-infected patients.

(A) Frequency of heart rate in died and survived LASV-infected patients. (B) Youden index and its associated cutoff point for the heart rate in the 79 LASV-infected patients.
Youden's maximum is 0.30, which is an optimal threshold estimated at 110 bpm. (C) ROC curve of the patients according to the outcome (died or survived), adjusted for
the heart rate. (D) Longitudinal description of the heart rate during the first ten days following the admission for the patients according to the outcome. Died patients are

represented by black bars and survival patients by gray bars.
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Codon usage bias of H3N8 equine influenza virus - An "

evolutionary perspective s
Dear Editor,

Recently, several reports in the Journal of Infection have demon-
strated the codon usage bias of influenza virus.'-> Equine influenza
(EI) is a severe and highly contagious disease in horses. Equine in-
fluenza virus (EIV) is the antigen that causes this important horse
disease.” The prevalent subtype of the virus is H3N8. ®> To our
knowledge, an evolutionary analysis of codon usage bias of H3N8
EIV has not been investigated. HA and NA are its main surface pro-
teins, responsible for binding the virus to the cell and releasing
progeny virus, respectively. These two important genes of H3N8
EIV were used in this study to perform an evolutionary analysis
of codon usage bias.

The complete coding sequences for the HA and NA genes
of H3N8 subtype EIV were downloaded from the online in-
fluenza sequence database (http://www.ncbi.nlm.nih.gov/genomes/
FLU/FLU.html. The sequences containing non-translational codons
were not included in our study. The effective number of codons
(ENC) was introduced using the formula: ENC=2+ S+ {29/ [S%+
(1-S) 2]}, where S are the GC3s in the gene. The ENC value was
completely influenced by the GC3s%’. The codon adaptation in-
dex (CAI) was employed to study the adaptation of EIV to the
host cell. The synonymous codon usage patterns of the viral host
of Equus caballus (horse) were obtained from the online database
(http://www.kazusa.or.jp/codon/). CAI values were calculated us-
ing the online tool CAlcal (http://genomes.urv.es/CAlcal)®-9. Neutral
evolution analysis can explain whether natural selection pressure
or mutation bias plays a more important role in shaping codon
usage patterns'®. In our analysis, P12 (the average GC content of
the GC1s and GC2s) was plotted against P3 (the GC3s). The role
of natural selection or mutation bias could then be determined
by the slope of a simple regression line. All of the graphics were
generated in GraphPad Prism 5.0. Correlation analysis was carried
out using the statistical software SPSS 19.0. The relationships were
considered to be correlation, significant correlation or extremely
significant correlation if 0.01<p<0.05, 0.001<p< 0.01, or p<0.001,
respectively.

The average ENC values of HA and NA were 48.9 and 50.3, re-
spectively, indicating a low codon usage bias. To perform an evo-
lutionary analysis of codon usage patterns, the ENC and CAI val-
ues were plotted against evolutionary time (Fig. 1). The ENC val-
ues of both HA and NA were significantly correlated with time
(Fig. 1(A)). The overall ENC values of HA and NA gradually de-
creased when EIV was under constant evolution. These rates of
change were —0.1056 +0.0043 and —0.0859 +0.0044 of the ENC
values per year for HA and NA, respectively. This showed that
codon usage patterns in HA and NA grew increasingly biased, espe-
cially in HA. The CAI value shown in Fig. 1(B) was correlated, sig-
nificantly correlated with changes in time, revealing that the CAI
value was generally decreasing. However, the low rate of change
of the CAI value against HA and NA was —0.4679 4+ 0.2758 x 10~4
and —0.4828+0.2576 x 10~ for horse, respectively, indicating a
low decreasing trend in EIV’s adaption to its host.
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Fig. 1. The evolutionary analysis of the ENC and CAI values plotted against evolutionary time (A) for the ENC values, (B) the CAI values, and (C) (D) P12 and P3 values.

Neutral analysis revealed P12 was extremely significantly cor-
related with P3 in both the HA (r=0.8636, p<0.001) and NA
(r=0.8324, p<0.001) genes (Fig. 1(C)). The correlation coeffi-
cients for HA and NA were 0.3234+0.018 and 0.2334 +0.0016,
respectively. Thus the relative neutrality is 32.34% for HA and
23.34% for NA, and a relative constraint on P3 (0% constraint)
is 67.66% for HA and 76.66% for NA. This indicates that natural
selection pressure predominated over mutation bias in the cod-
ing sequences of the HA and NA genes in H3N8 EIV. P12 and
P3 values were negatively extremely significantly correlated with
time (Fig. 1(D)). The correlation coefficients for P12 and P3 in
HA were —3.639+0.170 x 10~% and —8.680+0.607 x 10~4, respec-
tively. The correlation coefficients for P12 and P3 of in NA were
—3.219+0.203 x 1074 and —11.87 £0.65 x 10~4, respectively. The
GC3s always decreased with a higher rate than the GC12s, indi-
cating that natural selection pressure played an increasingly criti-
cal role in the codon usage pattern of both the HA and NA genes
when H3N8 EIV evolved.

In summary, our study indicated the codon usage bias of H3N8
EIV became increasingly biased, and natural selection played an in-
creasingly important role in shaping the codon usage pattern in
the evolutionary procession. These conclusions provide important
insight into the codon usage bias of H3N8 EIV as well as a better
understanding of its evolutionary pattern.

Declaration of Competing Interests

The authors declare not conflict of interest.

Acknowledgments

This work was supported by the Guangdong Provincial Natural
Science Foundation [grant number 2017A030310367].

References

1. Luo W,, Tian L., Huang C.Q., Li J.Y., Shen X|]., Robert W.M,, et al. The codon usage
bias of avian influenza A viruses. J Infect 2019;79:175-7.

2. Guo EC, Shen XJ., Irwin D.M., Shen Y.Y.. Avian influenza A viruses H5Nx (N1,
N2, N6 and N8) show different adaptations of their codon usage patterns to
their hosts. J Infect 2019;79:181-3.

3. Luo W,, Li Y.L, Yu S,, Shen X]J., Tian L., David M.L,, et al. Better fit of codon usage
of the polymerase and nucleoprotein genes to the chicken host for H7N9 than
HIN2 AlVs. | Infect 2019;79:174-5.

4. Sack A., Cullinane A. Daramragchaa U., Chuluunbaatar M., Gonchigoo B.,
Gray G.C.. Equine influenza virus - a neglected, reemergent disease threat.
Emerg Infect Dis 2019;25:1185-91.

5. Daly ].M., MacRae S., Newton ].R., Wattrang E., Elton D.M.. Equine influenza: a
review of an unpredictable virus. Vet | 2011;189:7-14.

6. Lu G, Guo W,, Qi T,, Ma J,, Zhao S., Tian Z,, et al. Genetic analysis of the PB1-F2
gene of equine influenza virus. Virus Genes 2013;47:250-8.

7. Sharp P.M,, Li W.H.. Codon usage in regulatory genes in Escherichia coli does not
reflect selection for 'rare’ codons. Nucleic Acids Res 1986;14:7737-49.

8. Puigbo P, Bravo LG., Garcia-Vallve S.. CAlcal: a combined set of tools to assess
codon usage adaptation. Biol Direct 2008;3:38.

9. Sharp PM,, Li W.H.. The codon adaptation index - a measure of directional

synonymous codon usage bias, and its potential applications. Nucleic Acids Res

1987;15:1281-95.

Zhao S., Zhang Q., Chen Z.H., Zhong J.C.. The factors dictating the codon usage

variation among the genes in the genome of burkholderia pseudomallei. World

J Microbiol Biotechnol 2008;24:1585-92.

10.

Jiajun Ou'

College of Veterinary Medicine, South China Agricultural University,
Guangzhou 510642, Guangdong Province, People’s Republic of China
Guangdong Provincial Key Laboratory of Prevention and Control for
Severe Clinical Animal Diseases, Guangzhou 510642, Guangdong
Province, People’s Republic of China

Guangdong Technological Engineering Research Center for Pet,
Guangzhou 510642, Guangdong Province, People’s Republic of China

Ruiai Chen!
College of Veterinary Medicine, South China Agricultural University,
Guangzhou 510642, Guangdong Province, People’s Republic of China


http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0001
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0001
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0001
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0001
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0001
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0001
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0001
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0001
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0002
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0002
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0002
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0002
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0002
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0003
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0004
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0004
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0004
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0004
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0004
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0004
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0004
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0005
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0005
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0005
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0005
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0005
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0005
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0006
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0006
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0006
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0006
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0006
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0006
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0006
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0006
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0007
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0007
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0007
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0008
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0008
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0008
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0008
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0009
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0009
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0009
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0010
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0010
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0010
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0010
http://refhub.elsevier.com/S0163-4453(20)30021-9/sbref0010

Letters to the Editor/Journal of Infection 80 (2020) 671-693 679

Zhaoqing Institute of Biotechnology Co., Ltd, Zhaoqing 526238,
Guangdong Province, People’s Republic of China

Zhongshan Yan, Shudan Ou

College of Veterinary Medicine, South China Agricultural University,
Guangzhou 510642, Guangdong Province, People’s Republic of China
Guangdong Provincial Key Laboratory of Prevention and Control for
Severe Clinical Animal Diseases, Guangzhou 510642, Guangdong
Province, People’s Republic of China

Guangdong Technological Engineering Research Center for Pet,
Guangzhou 510642, Guangdong Province, People’s Republic of China

Nan Dong
Zhaoqing Institute of Biotechnology Co., Ltd, Zhaogqing 526238,
Guangdong Province, People’s Republic of China

Gang Lu*, Shoujun Li*

College of Veterinary Medicine, South China Agricultural University,
Guangzhou 510642, Guangdong Province, People’s Republic of China
Guangdong Provincial Key Laboratory of Prevention and Control for
Severe Clinical Animal Diseases, Guangzhou 510642, Guangdong
Province, People’s Republic of China

Guangdong Technological Engineering Research Center for Pet,
Guangzhou 510642, Guangdong Province, People’s Republic of China

*Corresponding authors.

E-mail addresses: 1g@scau.edu.cn (G. Lu), shoujunli@scau.edu.cn (S.
Li)

T Contributed equally to this study.

Accepted 8 January 2020

Available online 17 January 2020

https://doi.org/10.1016/j.jinf.2020.01.004

© 2020 The British Infection Association. Published by Elsevier
Ltd. All rights reserved.

Identification of the hyper-variable genomic hotspot for n
the novel coronavirus SARS-CoV-2 et
Dear Editor,

A recent study in this journal studied the genomes of the
novel SARS-like coronavirus (SARS-CoV-2) in China and suggested
that the SARS-CoV-2 had undergone genetic recombination with
SARS-related CoV!. By February 14, 2020, a total of 66,576 con-
firmed cases of COVID-19, people infected with SARS-CoV-2, were
reported in China, leading to 1524 deaths, per the Chinese CDC
(http://2019ncov.chinacdc.cn/2019-nCoV/). Several full genomic se-
quences of this virus have been released for the study of its evolu-
tionary origin and molecular characteristics>~4. Here, we analyzed
the potential mutations that may have evolved after the virus be-
came epidemic among humans and also the mutations resulting in
the human adaptation.

The sequences of BetaCoV were downloaded on February
3, 2020 from the GISAID platform®. A total of 58 accessions
were available, among which BetaCoV/bat/Yunnan/RaTG13/2013
is a known close relative of SARS-CoV-2. Four accessions,
namely, BetaCov/Italy/INM1/2020, BetaCov/Italy/INM2/2020, Beta-
CoV/Kanagawa/1/2020, and BetaCoV/USA/IL1/2020, were excluded
because of the short-truncated sequences or multiple ambiguous
nucleotides. A total of 54 accessions (Supplementary Table 1) iso-
lated from humans were utilized in the following analysis. The
sequences NC_004718.3 of SARS coronavirus® genes were utilized

to define the protein products of SARS-CoV-2. The protein se-
quences of ORFlab, S, E, M, and N genes were translated, and all
of the loci without experimental evidences were excluded. First,
the protein sequences of SARS-CoV-2 were compared with RaTG13,
human SARS (NC_004718.3), bat SARS (DQ022305.2), and human
MERS (NC_019843.3) by calculating the similarity in a given slid-
ing window (Fig. 1A). The sliding window was set to 500 for
ORFlab and S, and to 50 for proteins E, M, and N considering their
short length. SARS-CoV-2 were highly similar to RaTG13 isolated
from bats, showing 96% identity based on the whole-nucleotide se-
quences and 83% based on the protein sequences, suggesting a bat
zoonotic origin of SARS-CoV-2. ORF1a, and the head of S seemed
to have diverged from other beta coronaviruses.

The molecular phylogenetic tree (Fig. 1B) was built by using
the maximum likelihood method based on the JTT matrix-based
model’. It hinted that the protein sequences of SARS-CoV-2 had
over 99% similarity. Twenty-eight viruses had shared the same
protein sequences, and could be the original strain circulated in
the humans. The other viruses had only a few mutations from
it. This indicates that the virus could have evolved for only a
very short time after gaining the efficient human to human
transmissibility, as expected. Next, we analyzed the mutations that
occurred after infecting humans (Fig. 1C) in order to identify mu-
tations associated with more severe infection. Here, two accessions
(BetaCoV/Shenzhen/SZTH-001/2020 and BetaCoV/Shenzhen/SZTH-
004/2020) from Shenzhen, which had 5 and 16 mutations,
respectively, were excluded, considering the possible experimental
issues. All of the mutations only occurred once, so it is possible
that all of these mutations occur naturally and are associated with
viral survival and infection. Several mutations were clustered in
peptides nsp3 and nsp4 of ORFlab and in the header of S. These
results suggested that there had probably been no hyper-variable
genomic hotspot in the SARS-CoV-2 population until now.

We compared these results with those of the work of Ceraolo
and Giorgi®, who reported at least two hyper-variable genomic
hotspots based on the Shannon entropy of nucleotide sequences.
They utilized all of the sequences, while we merged all of the fully
identical sequences into one during our Shannon entropy calcu-
lation. As shown in Fig. 1B, 28 sequences were merged into one
in present study because they had been collected in such a short
time, so collection time and location could not have produced any
large bias. If those identical sequences were calculated individ-
ually, any mutations on these 28 sequences would have sharply
increased Shannon entropy. The protein sequences were used to
exclude any unimportant silent mutations. Finally, the sequences
of earliest SARS-CoV-2 were compared with RaTG13 from bats
(Fig. 1D). Fisher’s exact test with post hoc test suggested that nsp1,
nsp3, and nsp15 of ORF1ab and gene S had significantly more mu-
tations than other genes, which might facilitate human adaptation
and infection.

S gene encodes spike glycoprotein, which binds host ACE2 re-
ceptors and is required for initiation of the infection®. They re-
ported that a 193-amino acid fragment was able to bind ACE2
more efficiently than its unmutated counterpart. This region in
which spike glycoprotein binds to ACE2 had 21 mutations not
found in RaTG13, suggesting their role in the adaptation to human
hosts. Peptide nsp1 facilitated viral gene expression and evasion
from the host immune response'?. Peptide nsp3, named papain-
like proteinase, was found to be associated with the cleavages, viral
replication, and antagonization of innate immune. These two pep-
tides are probably associated with the latent period after infection
in humans. Peptide nsp15 acted as uridylate-specific endoribonu-
clease. These results collectively suggest that peptides nsp1, nsp3,
and nsp15 might have unclear but critical roles in this outbreak of
SARS-CoV-2.

To summarize, this study confirmed the relationship of SARS-
CoV-2 with other beta coronaviruses on the amino acid level.
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Fig. 1. (A) The similarity between SARS-CoV-2 and other beta coronaviruses using the sliding window showed that SARS-CoV-2 was similar to bat virus RaTG13. (B) The
molecular phylogenetic tree based on protein sequences established the high similarity among SARS-CoV-2 and its near relatives. (C) The mutations that developed after it
came to circulate among humans did not include any mutation with high occurrence. (D) The graphs show all of the differences between SARS-CoV-2 and its close relative
strains isolated from bats.
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The hyper-variable genomic hotspot has been established in the
SARS-CoV-2 population at the nucleotide but not the amino acid
level, suggesting that there have been no beneficial mutations. The
mutations in nsp1, nsp3, nsp15, and gene S that identified in this
study would be associated with the SARS-CoV-2 epidemic and was
worthy of further study.
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Insights into the cross-species evolution of 2019 novel m

coronavirus >
Dear Editor,

Recent study reported in this journal that the threats of con-
tinuous evolution and dissemination of 2019 novel coronaviruses.!
Since its emergence in December 2019, a “seventh” member
of the family of human coronavirus named “SARS-CoV-2" was
responsible for an outbreak of coronavirus disease (COVID-19) in
Wuhan, China.2 As of March 7, 2020, China had reported more
than 80,815 confirmed cases of SARS-CoV-2, with 3,073 fatalities
and counting (http://www.nhc.gov.cn). Strikingly, SARS-CoV-2
had been transmitted rapidly in more than 90 countries to date
(https://www.who.int), including Asia, Europe, North America,
South America, Africa, and Oceania, posing serious concerns about
its pandemic potential. Despite of droplet and contact transmis-
sions of SARS-CoV-2, recent studies demonstrated that SARS-CoV-2
might be transmitted via aerosol and fecal-oral routes > (Fig. 1),
which needs to be paid attention in particular.

The close phylogenetic relationship to bat-origin coronaviruses
provided evidence for a bat origin of SARS-CoV-2.* Bats provided
a rich “gene pool” for interspecies exchange of genetic fragments
of coronaviruses, which were established as mixing vessels of dif-
ferent coronaviruses.” Although humans and bats live in different
environments, some wildlife species were susceptible to the novel
coronaviruses in nature, highlighting that the need of tracing its
origin of SARS-CoV-2 in wild animals. Previously, researchers had
demonstrated that coronaviruses had been detected in pangolins.®
Here, we explored the phylogenic relationship of the human SARS-
CoV-2 together with pangolin- and bat-origin coronaviruses. The
similarity analysis of SARS-CoV-2 and the animal-origin coron-
aviruses demonstrated that recombination events were likely to
occur in bat- and pangolin-origin coronaviruses (Supplementary
Figure S1). A Blast search of the compete genome sequences
of SARS-CoV-2 suggested that the closely related coronaviruses
were the BetaCoV/bat/Yunnan/RaTG13/2013 (bat/RaTG13) and Be-
taCoV/Pangolin/Guangdong/1/2020 (Pangolin/1), with ~96% and ~
90.5% overall genome sequences identity, respectively. In the 1ab,
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Fig. 1. Phylogenic overview and putative model of transmission of SARS-CoV-2. (A) Potential routes of cross-species transmission of SARS-CoV-2. The dashed line indicates
potential transmission routes. Abbreviation of SARS-CoV-2 indicates 2019 novel coronaviruses. (B) The phylogenetic relationship among SARS-CoV-2 and other coronaviruses
in bats, birds, mice, camels, swine, pangolins, and humans. Red color indicates the human-origin coronaviruses. The scale bar represents the number of nucleotide substitu-

tions per site (subs/site).

S, E, M, and N genes, the bat/RaTG13 coronavirus exhibited 96.2%,
97.3%, 100%, 99.6%, and 99.0% amino acid identical to that of SAR-
CoV-2, respectively, while the pangolin/1 coronavirus showed the
96.3%, 92.4%, 100%, 98.7%, and 97.9% amino acid identical to that
of SARS-CoV-2, respectively (Fig. 2). However, it was notably that
1b gene sequence identity of pangolin/1 coronavirus was greater
that bat-origin RaTG13 coronavirus, with the highest being 99.3%.

The spike (S) protein mediates receptor binding and membrane
fusion.” The amino acids of the spike 2 protein of pangolin-origin
coronaviruses and SARS-CoV-2 were more conserved than that of
the spike 1 protein, and only a few minor deletions of amino acids
of S protein were found in pangolin-origin coronavirus compared
with the SARS-CoV-2 (Supplementary Figure S4). Interestingly, the
receptor-binding domain (RBD) of SARS-CoV-2 was more similar to
that of the bat/RaTG13 strain and Pangolin/1 coronavirus. Although
the S amino acid identities of pangolin-origin coronavirus exhib-
ited lower amino acid identities with bat/RaTG13, it was notewor-
thy that six amino acids associated with the receptor binding pref-
erence of human receptor angiotensin converting enzyme [1—464L,
495F, 502Q, 503S, 510N, and 514Y (SARS-CoV-2 numbering)—in
the pangolin/1 coronavirus were the same as that of SARS-CoV-
2 (Fig. 2), but were distinct from that of the bat-origin coron-
aviruses. Besides, the PRRA-motif insertion was occurred in the
S1/S2 junction of SARS-CoV-2; however, the PRRA-motif insertion
in the pangolin- and bat-origin coronaviruses was missing (Supple-
mentary Figure S4), suggesting that the convergent cross-species
evolution of SARS-CoV-2-related coronaviruses.

The phylogenic tree of full-genome of SARS-CoV-2 re-
lated coronaviruses could be classified into four clades, in-
cluding clade 1, clade 2, clade 3, and clade 4 (Fig. 1). The
two bat-origin SARS-like strains (bat-SL-CoVZC45 and bat-SL-
CoVzX(C21) formed clade 1, and pangolin-derived Pangolin/1,
BetaCoV/ Pangolin/Guangxi/P2V/2017 (Pangolin/P2V), and Be-
taCoV/Pangolin/Guangxi/P4L/2020 (Pangolin/P4L) coronaviruses
formed newly independent clade 2 and clade 3, which were
notable for the long branch separating the bat/RaTG13 strain and

SARS-CoV-2 (Fig. 1). Of note, we found that the full genome and
RNA-dependent RNA polymerase genome of Pangolin/1 coronavirus
were genetically closely related to the bat/RaTG13 and SARS-CoV-2
strains (Fig. 1 and Supplementary Figure S3). However, in the
phylogenic tree of S gene, the Pangolin/P2V and Pangolin/P4L
coronaviruses were more closely related to that of the bat/RaTG13
and SARS-CoV-2 strains (Supplementary Figure S2), indicative of
the continuous evolution and genetic recombination of pangolin-
and bat-derived coronaviruses. There was clearly a genetic gap
between SARS-CoV-2 and the nearest bat- and pangolin-origin
coronaviruses, and the phylogenic relationship of pangolin-origin
coronaviruses were far from that of bat/RaTG13 (Fig. 1). Given the
use of pangolins use in traditional medicine and for food, what
kind of role do the pangolins play in the cross-species evolution
and transmission of the novel coronavirus? Further details needed
to be sought in the future.

Frequent human-animal interface had been recognized the ma-
jor cause for viral cross-species transmission. It is speculated that
the coronaviruses circulating in pangolin, bat, and other animal
species are likely perceived to be a “gene pool” for the generation
of new recombinants (Fig. 1). During the long-time of co-existence
of coronaviruses and their hosts, different viruses recombine with
each other in multiple animal hosts to generate new recombinants,
with some of them adapting to the new hosts such as humans.
However, what animal species are the intermediate hosts in the
transmission cascade of SARS-CoV-2. In response to such pressing
question, further surveillance in natural environment of China and
the rest of countries needed to be sought to understand the emer-
gence and potential transmission of SARS-CoV-2.
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1ab
Nucleotide sequence 1ab 1a 1b S 3 E M 7 8 10b N
Bat-SL-CoVZX45 = 889 907 86.0 878 987 934 952 888 885 911
Bat-SL-CoVZXC21 887 90.3  86.1 889 987 934 952 891 885 912

SARS-CoVGZ02 _ 86.3 93.5 85.1 - 82.1 88.1 100

Bat/RaTG13 965 960 970 929 963 996 955 956 970 992 969
Pangolin/i 947  90.0 993 = 844 932 991 932 934 923 969 963 L7
Pangolin/P2V. 903 832 973 834 868 974 912 863 809 913 915

Amino acid sequence 1ab 1a 1b S 3 E M 7 8 10b N

Bat-SL-CoVZX45 956 956 958 = 802 909 1000 986 934 876 942 943
Bat-SL-CoVZXC21 952  95.1 955 796 920 1000 986 934 884 942 943 100

SARS-CoVGZ02 862 805 956 _ 947 901 - 85.2 90.3

BatRaTG13 962 980 944 973 97.8 1000 996 975 951 974 990 | s
Pangolin/l 963 933 993 924 971 100.0 987 975 951 929 979
Pangolin/P2v 937 901 973 904 897 1000 97.8 885 885 792 @ 943

B

| RBD Domain |
wwwmw-&b-b-hJ;AhJ;Atbbhb-bbbhb###bbmmmmmmm
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SARS-CoV-2 (2019-nCoV)| L |[g| E| K| N| N| G| D S K|VINIY L|Y AlG S| T|P NG‘VEGF SGJNYY
Pangolin/1|L |G| E| K| N| N[ G| D S K|VIN Y|L|Y AlGIS|T|P NG V|E|G|F S|IG H|IN|Y|Y
Pangolin/P2V | L |G| E| K| N| N G| D AlL|T|G|Y|L|Y AlG S| T|P N|G V| G|L|E G H|T|Y|F
Bat/RaTG13 |L |G| E K/ N/ N| G/ Df@ A|K|EIN|YIL|Y alels k|prlc|n[clalT et [YIR] s Yol Y|
Bat/WIV16 [L/G| E| K N N G| D AT N Y K|F|S P D GK|P T -/P/P/AIF| N D|G Y[N Y|Y
Bat/Rs9401 |L |G| E| K| N| N| G| D A|T|SIN|Y K|F|S P D/ GK| P T/ - P P AIF|NDIG F|INIYY

RBD Domain

SARS-CoV-2 (2019-nCoV)

Fig. 2. The genomic characterization and specific amino acids variants among the receptor-binding domain of SARS-CoV-2, bat- and pangolin-origin coronaviruses. (A) The
schematic diagram of the genome organization and sequence identities for SARS-CoV-2 compared with SARS-CoV GZ02 (accession number AY390556), bat SARS-like coron-
avirus bat-SL-CoVZ(C45 (accession number MG772933), bat-SL-CoVZXC21 (accession number MG772934), BetaCoV/bat/Yunnan/RaTG13/2013 (bat/RaTG13) (accession number
EPI_ISL_40,131), BetaCoV/Pangolin/Guangdong/1/2020 (Pangolin/1) (accession number EPI_ISL_410,721), and BetaCoV/Pangolin/Guangxi/P2V/2017 (Pangolin/P2V) (accession
number EPI_ISL_410,542). (B) Amino acid substitutions of SARS-CoV-2 against bat- and pangolin-origin coronaviruses. An amino acid substitution of spike (S) protein is
defined as an absolutely conserved site in the bat- and pangolin-origin coronaviruses but different from that of SARS-CoV-2. Structural analysis of S protein of SARS-CoV-2
was modelled using the Swiss-Model program (https://swissmodel.expasy.org/) with that of the S protein of SARS-CoV structure (Protein Data Bank ID 2DD8) as a template.
The red and blue regions indicate the spike protein 1 and spike protein 2, respectively. The wathet blue region of SARS-CoV-2 indicates the receptor binding region. The
correspondencing amino acids to the three-dimensional (3D) structure of the S protein of SARS-CoV-2 were mapped using MacPymol (http://www.pymol.org/).
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Corona Virus Disease 2019, a growing threat to children? g

uuuuuuu

Dear Editor,

Since the first case of Corona Virus Disease 2019 (COVID-19)
was reported in Wuhan, China on December 8, 2019, the Se-
vere Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) has
spread rapidly to nationwide and 25 other countries'. By Febru-
ary 17, 2020, 72,436 cases and 1868 deaths have been confirmed
on the Chinese mainland, with a fatality rate of 2.57%. Hubei had
reported 59,989 cases of confirmed infections (including 42,752 in
Wuhan) and 1789 deaths (including 1381 in Wuhan), with fatality
rate of 2.98% in Hubei and 3.23% in Wuhan, respectively?.

In this Journal, Tang and colleagues have commented on the
emergence of SARS-CoV-2 that infections in children and other vul-
nerable patients group are yet to be reported®. As diagnostic meth-
ods improving, 416 children under 10 years old have been reported
in China®, in which 134 cases had the clinical records. Most of
them had fever (76.1%) and viral pneumonia-like changes in chest
imaging (70.4%). The main manifestations are fever, cough, fol-
lowed by vomiting, diarrhea and other digestive system symptoms.
Cases of neonatal infection were reported, one was diagnosed by
pharyngeal swab nucleic acid test at 24 h after birth without any
symptoms but low fever, CT scanning showed viral pneumonia (Fig.
1).

In Wuhan, the original place of COVID-19 outbreak, the first
infected-child case was diagnosed on January 28, 2020, 8 days
later than the first infected-child case reported city of Shen-
zhen, 1000 km far away from Wuhan. However, it does not mean
that children in Wuhan were not suffering COVID-19 during the
epidemic-period, nor the symptoms of infection occur later than
the other areas. The possible causes for the delayed diagnosis of
children in Wuhan are the overstrict diagnostic criteria and the
shortage of testing reagent in the early stage. Afterwards, the num-
ber of children confirmed increased dramatically as the relaxation
of the diagnostic criteria and the opening of nucleic acid tests for
suspected cases of childhood on January 28, 2020, with 5 cases
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Fig. 1. Newborn with COVID-19. A newborn whose mother was infected with COVID-19 showed low fever but no dyspnea after birth. The throat swab viral nucleic acid was

positive 24 h later, and the lung CT showed viral pneumonia.

confirmed on the same day. Most children cases had mild symp-
toms, similar to other seasonal viral infections. Therefore, it has
not attracted parents’ enough attention. We noticed that most of
the children were diagnosed during the epidemiological screening,
with an exposure history to the familial clustering infection. It is
a dangerous situation. The severity of children’s infection has been
ignored, furthermore, the asymptomatic infection in children may
become a potential source of infection, which needs to be taken
seriously.

Compared to infected adults, the condition of infected children
is significantly milder, with faster recovery, shorter virus shedding
time and better prognosis. By far, only 2 critical cases have been
reported, of which one was a child of 7 months old with congen-
ital heart disease. The other patient was 13 months old with bi-
lateral hydronephrosis and calculus of left kidney. Both cases pro-
gressed rapidly to respiratory failure after onset, requiring sup-
port of invasive mechanical ventilation. It demonstrates that chil-
dren with underlying diseases are tended to progress to severe and
critical cases, so we should pay high attention to such group and
strengthen supervision for them. In the laboratory tests part, blood
cell count and procalcitonin (PCT) were basically normal, C-reactive
protein (CRP) was normal or slightly increased. Some cases need
two or even three tests to be confirmed. It suggests that although
positive viral nucleic acid test is the "gold standard”, clinical "false
negative" children are also the potential source of infection. For
clinical suspected cases, a continuous and repeated samples col-
lection are need to improve the accuracy’.

Another urgent issue we are facing is how to perform antiviral
therapy. Up to date, no effective anti-SARS-CoV-2 drug has been
successfully confirmed in clinic practice. Since the outbreak of
the SARS-CoV-2, interferons (IFN), Lopinavir/Ritonavir, Arbidol and
even Oseltamivir have been recommended for clinical trials. IFN
has been shown little effect in a variety of respiratory viral infec-
tions, the latter three are for influenza or HIV infection. Remdesivir
is effective in a few cases of adult®, but there still lacks evidence-
based clinical evidence for children. Since most children with res-
piratory viral infection merely have mild symptoms and can be
self-healed, we consider that antiviral drugs should not be used
routinely, unless in critical cases. The goals of treatment should be
to alleviate symptoms and maintain the immune balance.

The epidemic characteristics of the COVID-19 in children are
not yet clear, which poses a serious challenge to pediatric medi-
cal workers. Follow aspects should be pay special attention: Firstly,
most children are asymptomatic or have mild symptoms. Even

if there are no symptoms, children from families with clustered
infections should be screened for SARS-CoV-2 to eliminate po-
tential sources of infection’. Secondly, to date, two critical cases
in children have been identified. Both cases progressed rapidly.
So, in epidemic season, children with underlying diseases should
be protected by isolation as soon as possible. Thirdly, pregnant
women infected in late pregnancy and newborns delivered by in-
fected mothers. It is important to clarify the transmission route
of mother-to-child vertical transmission or postnatal exposure in
neonatal infection. According to our current limited data, in 21
pregnant women with confirmed infection in late pregnancy (8
cases were etiologically diagnosed, 13 cases were clinically diag-
nosed by chest CT), the amniotic fluid, placenta samples of moth-
ers and pharyngeal swabs of newborns were collected®. The pha-
ryngeal swabs were collected again the next day, all these sam-
ples showed negative results for nucleic acid test. The pharyngeal
swab nucleic acid tests of 14 neonates were also negative on day
5 and 10 of their hospitalization. No evidence of mother-to-child
vertical transmission was found. Finally, powerful broad-spectrum
antibiotics and corticosteroids should be avoided®. In the period of
COVID-19 outbreak, the incidence and fatality rate of severe cases
in Hubei province, especially in Wuhan city, are significantly higher
than that in other regions of China, which may be influenced by
improper use of antibiotics and corticosteroids. Premature use and
excessive coverage of antibiotics and corticosteroids may result in
secondary infection'©.

In summary, SARS-CoV-2 is generally susceptible to people of
all ages. Most of the infections in children are familial clusters
with mild clinical symptoms. Early isolation should be performed
to protect children with underlying diseases, and it is necessary to
enhance the protection during delivery and isolate the newborns
immediately after delivery.

Declaration of Competing Interest

None reported.

Acknowledgment

We hereby acknowledge all health worker’s efforts in Wuhan
and other areas fighting against the COVID-19.



686 Letters to the Editor/Journal of Infection 80 (2020) 671-693

References

—_

. Wu F, Zhao S., Yu B., Chen Y.M., Wang W., Song Z.G., et al. A new coronavirus
associated with human respiratory disease in China. Nature 2020. doi:10.1038/
s41586-020-2008-3.

. National Health Commission of People’s Republique of China: Daily briefing on
novel coronavirus cases in China. http://en.nhc.gov.cn/2020-02/18/c_76645.htm.

3. Tang J.W,, Tambyah PA., Hui D.S.C.. Emergence of a novel coronavirus causing

respiratory illness from Wuhan, China. J Infect 2020;80(3):350-71. doi:10.1016/
j.jinf.2020.01.014.

4. Epidemiology Group Of Novel Coronavirus Pneumonia Emergency Response
Mechanism Chinese center for disease control and prevention. epidemi-
ological characteristics of novel coronavirus pneumonia. Chin | Epidemiol
2020;41(2):145-51.

. World Health Organization: Home care for patients with suspected novel
coronavirus (nCoV) infection presenting with mild symptoms and man-
agement of contacts.  https://www.who.int/internal-publications-detail/
home- care- for-patients-with-suspected-novel-coronavirus-(nCoV)

-infection- presenting-with-mild- symptoms-and-management-of- contacts.
2020.

. Holshue M.L.,, DeBolt C., Lindquist S., Lofy K.H., Wiesman J., Bruce H., et al. First
case of 2019 novel coronavirus in the United States. N Engl ] Med 2020 [Epub
ahead of print]. doi:10.1056/NEJM0a2001191.

7. Shen KL, Yang Y.H. Wang TY. Zhao D.C, Jiang Y., Jin RM., et al. Di-
agnosis, treatment, and prevention of 2019 novel coronavirus infection in
children: experts’consensus statement. World | Pediatr 2020. doi:10.1007/
512519-020-00343-7.

. Chen HJ., Guo JJ., Wang C, Luo F, Yu X.C, Zhang W., et al. Clinical charac-
teristics and intrauterine vertical transmission potential of COVID-19 infection
in nine pregnant women: a retrospective review of medical records. The Lancet
2020. doi:10.1016/S0140-6736(20)30360- 3.

. Russell C.D., Millar J.E., Baillie ].K.. Clinical evidence does not support corticos-
teroid treatment for 2019-nCoV lung injury. The Lancet 2020;395(10223):473-5.
doi:10.1016/S0140-6736(20)30317-2.

10. Wang D.W.,, Hu B., Hu C,, Zhu EF, Liu X,, Zhang J., et al. Clinical characteristics

of 138 hospitalized patients with 2019 novel coronavirus-infected pneumonia in

Wauhan, china. JAMA 2020. doi:10.1001/jama.2020.1585.

N

w

[=2]

joe

©o

Pu Yang', Pin Liu!
Department of Pediatrics, Children’s Digital Health and Data Center,
Zhongnan Hospital of Wuhan University, Wuhan, China

Dan Li
East Ward of People’s Hospital Attached to Wuhan University,
Wauhan, China

Dongchi Zhao*
Department of Pediatrics, Children’s Digital Health and Data Center,
Zhongnan Hospital of Wuhan University, Wuhan, China

*Corresponding author.

E-mail address: zhao_wh2004@hotmail.com (D. Zhao)

1" Drs. Pu Yang and Pin Liu are co-first authors, contibuted
equally to this article.

Accepted 26 February 2020

Available online 3 March 2020

https://doi.org/10.1016/j.jinf.2020.02.024

© 2020 The British Infection Association. Published by Elsevier
Ltd. All rights reserved.

Disinfection Effect of Short-wave Ultraviolet R
Radiation(UV-C) on ASFV in Water i

Dear Editor,

Recently, several reports in the Journal of Infection have high-
lighted the problem of African swine fever (ASF).'-> ASF caused by
the African swine fever virus (ASFV), is a highly contagious hemor-
rhagic disease, affecting domestic pigs and wild boar, with a high
morbidity and mortality.* In Asia, with the exception of Russia,

China was the first country to experience ASF and reported its first
outbreak in August 2018.> Within a year, ASF quickly spread into
all of the provinces in Mainland China. Small-scale pig farms with
weak biosecurity systems account for a large proportion of China’s
pork production, which may be one reason for the rapid spread of
ASF in China. In 2019, Mongolia reported the first ASF outbreak in
January, followed by nine other Asian countries, including Vietnam,
Cambodia, north Korea, Laos, Philippine, Myanmar, Russia, South
Korea and Timor-Leste,? threatening neighboring unaffected coun-
tries and resulting in great biological and economic losses.

ASFV is very stable and can survive in meat and blood at room
temperature for several months, which can be transmitted through
several routes, including vehicle, personnel exchange or direct con-
tact. Recently, an ASFV incursion in Romania has been reported
in a large-scale, high-biosecurity farm. Contaminated water from
the Danube River has been implicated in introducing ASF onto the
~140,000-pig’s farm. In addition, Dr. Niederwerder’s study con-
firmed the high infectivity of ASFV Georgia 2007 through liquid
by the oral route.’ So, contaminated water is one of the biggest
biosafety threats to farms, and inactivation of microorganisms in
water is a vital way to prevent the spread of ASF. At present, for
disinfecting drinking water, pig farms often use acidifiers to ad-
just the pH to reduce the adaptability of ASFV to the environment.
However, the long-term use will cause gastric ulcers and other side
effects in pigs. Apart from this, reverse osmosis methods can be
used to purify groundwater, but the costs are very high; therefore,
normal farms cannot afford it.

Ultraviolet-C (UVC) is a kind of ultraviolet light with a wave-
length of 200-280nm. The highest UV absorption peaks of
DNA, RNA and nucleocapsid in pathogens are 254-257 nm. When
pathogens absorb ultraviolet light, its DNA strands, nucleic acid
and protein cross-links break. UVC light kills the biological activ-
ity of nucleic acid accordingly, causing causative agent to die. UVC
light is known to have a strong bactericidal effect, inactivating a
wide range of microorganisms such as viruses, bacteria, protozoa,
fungi, yeast, and algae by forming pyridine dimers, a light product
of genetic material.” UVC is a physical disinfection method, which
plays an important role in water treatment.® With enough UVC ra-
diation, pathogens in the water can be effectively inactivated in a
short period of time.

To verify the efficacy of UVC light disinfection, we conducted
the followings experiments. Firstly, the inactivation of ASFV by UVC
was tested by controlling the dilution factor of ASFV and the treat-
ment time in the UVC equipment. Ten-fold gradient dilutions were
performed with 1mL of ASFV stock solution. The diluted virus so-
lution was aliquoted (200 pL) into quartz tubes. The virus solu-
tion diluted 100-fold was treated by UVC for 8s, 30s or 1 min; the
virus solution diluted 1000-fold was treated by UVC for 8s, 155,
30s, 1min or 2min, and each time point was repeated twice. At
the end of the treatment, the virus solution in the quartz tube
was transferred to a 1.5-mL tube. The nucleic acid copy number
was detected by real-time PCR (qPCR). Afterwards, the virus so-
lution inactivated by the UVC in the quartz tube, was also cul-
tured in PAMs. The presence or absence of ASFV biological activity
was determined by testing whether ASFV grew in PAMs. The virus
solution that had been diluted 1000-fold was aliquoted (200 pL)
into quartz tubes. The quartz tubes containing virus solution were
treated by UVC for 3s, 8s, 15s or 30s, and each time point was
repeated four times. PAMs were seeded into three 24-well plates
and cultured until the cell density reached 80%—90%, and the cells
adhered and grew well. Four replicates were performed for each
time point.

The results of our previous study showed that ASFV was inacti-
vated when exposed to UVC at an intensity of 110-120 uw/cm? for
30 min. However, in this study, by increasing the number of UVC
lamps in the water pipe, the intensity reached 3600 pw/cm?, and
ASFV in water died within 3s. The effect of UVC on nucleic acids
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Fig. 1. Time-titre curve under UVC irradiation; (A) Detection of ASFV nucleic acid inactivation by UVC; (B) Characterization of the inactivation of the biological properties
of ASFV by UVC. For the positive control, 50l of untreated virus solution diluted 1000-fold and 450l of 1640 culture medium were added to the cells. For the negative
control, 500 ul of 1640 culture medium was added to the cells.

is related to the irradiation time and intensity. However, when the 8. Chevrefifils G., Caron E., Wright H. Sakamoto G. Payment P, Barbeau B.,

treatment time was less than 1min, the CT value of the sample et al. UV dose required to achieve incremental log inactivation of bacteria, pro-
) tozoa and viruses. [UVA News 2006;8:38-45.

was Sti". positive, and only when the treatment time was .mf)re 9. Bazyar Lakeh A.A. Kloas W., Jung R., Ariav R., Knopf K.. Low frequency ultra-
than 1 min was the sample test negative. The longer the irradiation sound and UV-C for elimination of pathogens in recirculating aquaculture sys-
time and the greater the intensity, the more serious is the damage tems. Ultrason Sonochem 2013;20(5):1211-16.
to nucleic acid (Fig. 1(A)). None of the ASFV treated with UVC for
3s, 8s or 155 could proliferate in PAMs (Fig. 1(B)). In winter, the Runda Xu, Lang Gong, Heng Wang, Guihong Zhang*
disinfection effect of acidifiers and disinfectants on drinking water Key Laboratory of Zoonosis Prevention and Control of Guangdong
is greatly reduced, while UV is not affected. The effect of strong Province, College of Veterinary Medicine, South China Agricultural
sunlight exposure on the infectivity of ASFV is also mainly affected University, Guangzhou 510462, China
by UV exposure. Guangdong Laboratory for Lingnan Modern Agriculture, Guangzhou
In a word, for the current situation of widespread epidemic 510642, China
of African swine fever in China and the situation of escalating African Swine Fever Regional Laboratory of China (Guangzhou),
biosafety of farms. The use of UVC to sterilize drinking water for Guangzhou 510642, China
farm is of particular significance. It's worth noting that UVC in Research Center for African Swine Fever Prevention and Control,
clear water was significantly more effective than in turbid water.” South China Agricultural University, Guangzhou 510642, China

We carry out ultraviolet disinfection after water filtration, which

can greatly improve the biosafety prevention and control of farms. *Corresponding author at: Key Laboratory of Zoonosis Prevention

and Control of Guangdong Province, College of Veterinary
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Fig. 1. Chest CT imaging of the patient (a, c) Chest CT scans obtained at admission show patchy high-density shadows on the dorsal segment of the right lower lobe (green
boxes in a and c). (b, d) Image obtained 4 days after admission show large ground glass-like high-density shadows on the dorsal segment of the right lung, and patchy
cloud-like high-density shadows and consolidation shadows on the left lung (red boxes in b and d).

negative results of RT-PCR for 2019-nCoV. The timely diagnosis,
isolation and treatment of these patients will help control the fur-
ther spread of 2019-nCoV.

We report a 58-year-old male who was admitted to the hospi-
tal with a 1-day history of fever, sore throat and fatigue 5 days af-
ter visiting Wuhan, China (the epicenter of the 2019 Novel Coron-
avirus Pneumonia outbreak).! Physical examination of the lungs at
admission was normal. Laboratory studies demonstrated the white
blood cell count (4.3 x 10%/L) and blood procalcitonin level were
also normal. The erythrocyte sedimentation rate was slightly in-
creased at 23 mm/h (normal range, 0-20 mm/h). A swab test and
chest CT scanning were performed. Chest CT images illustrated
multiple patchy, cloud-like high-density shadows in the dorsal seg-
ment of the right lower lobe (Fig. 1a and c). Three real-time fluo-
rescence polymerase chain reaction (RT-PCR) assay of the oropha-
ryngeal swab specimens were negative for the 2019-nCoV nucleic
acid.

A repeat chest CT performed 4 days after admission displayed
that the range of patchy turbidity high-density shadows in the
lower lobe of the right lung was significantly enlarged, and tur-
bidity high-density shadows also appeared in the outer zone of the
left lower lobe (Figure b & d). Finally, the fourth RT-PCR 2019-nCoV
nucleic acid assay was positive.

Currently, clinicians have found some cases with positive chest
CT findings may present with negative results of RT-PCR for 2019-
nCoV. Although this patient’s multiple specimen tests were nega-
tive, repeat chest CT showed a great progression of cloud-like high-

density shadows in both lungs compared to the previous chest CT.
The imaging characteristics of 2019-nCoV pneumonia may be bi-
focal extra-zonal distribution, bilateral, multifocal 2-3. With typi-
cal clinical presentation and a clear epidemiological history, 2019-
nCoV infection may be strongly suspected when chest CT has the
characteristics of viral pneumonia despite negative RT-PCR results.
In these cases, repeat oropharyngeal swab testing and patient iso-
lation should be carefully considered.
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Novel coronavirus (2019-nCoV) cases in Hong Kong and )

implications for further spread i
Dear Editor,

Since Tang and colleagues commented on the current Wuhan
novel coronavirus (2019-nCoV) outbreak four weeks ago,! the sit-
uation has worsened dramatically. As of today (1 February 2020),
there have been an estimated 14,599 infected cases with a total of
305 deaths and 345 recovered involving 27 countries.? Online es-
timate of the case fatality rate is about 2% with a Ry (basic repro-
ductive number) value of 3-4, indicating that every positive case
may give rise to further 3-4 new cases. Nearly all confirmed cases
(14,422, 98.8%) are in the mainland China, with most of the re-
maining cases in nearby countries or cities in East Asia (Japan,
South Korea, Hong Kong, Taiwan, Macau), Southeast Asia (Thailand,
Singapore, Malaysia, Vietnam) and Australia accounting for the ma-
jority of the remaining cases.”> We would like to shed light on how
the epidemic will develop in Hong Kong based on the characteris-
tics of current cases in this region.

Hong Kong is a former British colony and a city situated in
a small (426 mZiles) area officially designated as a Special Ad-
ministrative Region (SAR) of the People’s Republic of China. With
a population of over 7.4 million, it has one of the highest pop-
ulation densities in the world. The geography of Hong Kong in-
cludes: (i) Hong Kong island, (ii) the Kowloon Peninsula and (iii)
the New Territories which borders mainland China. It also con-
sists of multiple islands, including the Lantau Island (the site of
the Hong Kong International Airport). The busiest boundary con-
trol point with mainland China is in the New Territories at Lo Wu,
where estimates from previous years indicate that around 239,000
passengers may be expected to cross daily during the Chinese New
Year (CNY) period.? The closest city on the other side is Shenzhen
within the Guangdong Province, and there are many people who

Hong Kong residents without recent travel history in mainland China
B Hong Kong residents with recent travel history in mainland China

B Residents from Wuhan cities or other provinces in China

3
0

23/1  24/1 25/1  26/1 27/1 28/1 29/t 30/1 31/1 12
Detection date

Number of cases
N

Fig. 1. Epidemic curve of Hong Kong 2019-nCoV cases. Note that for the Hong Kong
residents without a travel history to mainland China (green bars), this applied to
the 14 days prior to their symptom onset.

work in Hong Kong and live in Shenzhen, commuting across the
border each day.

At the time of writing, 14 cases of the 2019-nCoV have been
confirmed in Hong Kong and all are currently being managed at
the designated infectious disease center - Princess Margaret Hos-
pital (PMH). The first case was detected on 23 January 2020 and
the most recent one was on the 1 February 2020. Most of these
cases were residents from mainland China: Wuhan (7/14=50%) and
Shenzhen (1/14=7.1%), visiting Hong Kong while the remaining 6
cases are Hong Kong citizens (Fig. 1).

At least two of these 14 cases had not travelled to the main-
land China, including Wuhan, within the 14-day maximum incu-
bation period of 2019-nCoV. They may therefore represent cases of
inter-person transmission, having acquired their infections from in-
fected individuals with such a travel history. Several cases of inter-
person transmission have been reported in the other countries (in-
cluding Japan, Germany and the United States).*S This has also
been reported in a family from Shenzhen who visited Wuhan (but
not any wet markets) then infected one family member who had
not travelled upon their return.” This Hong Kong cohort also con-
sists of two husband-and-wife couples and a family of three (hus-
band, wife and adult daughter), all of whom had a travel history to
Wuhan.

The mean age of these 14 Hong Kong cases was 59.8 (S.D. 13.4)
years and most (9/14 = 64.3%) were male. 12/14 (85.7%) cases pre-
sented with fever (including 5 with cough, 1 with blocked nose,
1 with muscle aches, and the remaining 2 afebrile cases exhibited
coughing and shortness of breath). 10/14 (71.4%) cases presented
to the Accident and Emergency departments in Hong Kong to seek
care, 2/14 (14.3%) were intercepted by the Hong Kong Department
of Health teams (using thermal imaging or temperature screening
at border control points), and 2/14 (14.3%) developed symptoms
and tested positive for 2019-nCoV during quarantine as a contact
of a confirmed case. At present, 3/14 (21.4%) cases are in the inten-
sive care unit (ICU) whereas the other 11 cases are clinically stable
at PMH. An earlier report® on some of the earliest cases of 2019-
nCoV infection also describes a higher proportion of cases to be
male (30/41=73%), with a slightly higher proportion (13/41=32%)
requiring ICU monitoring - though it is still yet possible that more
Hong Kong cases may deteriorate and require ICU admission.

What do these early cases imply for Hong Kong? The period
over which these cases were detected (23 January to 1 February
2020) includes the week before and the week after the CNY (start-
ing from 25 January 2020). Does this suggest that this period rep-
resents the highest incidence of cases developing in Hong Kong be-
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cause the highest intensity of population movement occurs over
CNY, and that this may be expected to decrease once the cele-
brations are over? Not necessarily, we think, as many of the nor-

ma

1 CNY activities in Hong Kong and mainland China were quite

severely curtailed to limit the potential spread of this infection.®-10
In which case, these incidence figures may represent more of the
baseline rate of 2019-nCoV cases appearing in Hong Kong. Indeed,

ac

loser look at Fig. 1 suggests that Hong Kong is already experi-

encing some degree of local inter-person transmission, as the ear-
lier cases were associated with travel to Wuhan and other parts
of mainland China, but the more recent cases involved no recent
travel to these affected areas.

If this is the case, what can Hong Kong do? A previous study

indicated that the mean daily contact rate for an individual in
Hong Kong could be characterized as contacting 12-13 other peo-

ple

(both children and adults) spread over a total of nine-hour

duration,"" so presumably reducing the number of social con-
tacts can reduce the risk of inter-person transmission. At present,

all

primary and secondary schools are closed in Hong Kong, and

the universities are either postponing classes until March 2020 or

are
to

using distant/remote learning methods.'?> Another approach is
limit the number of potentially infected cases entering Hong

Kong."®> This strategy is controversial and our current modelling

WO

rk is exploring its potential impact.
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The continuous evolution and dissemination of 2019 novel n,

Check for

human coronavirus e
Dear Editor,

Recently, Wang and colleagues reported in this journal the new
threat of novel SARS-like coronavirus in China.! During the last
several decades, humans had been affected by six human coro-
naviruses (HCoV)—HCoV-NL63, HCoV-HKU1, HCoV-229E, HCoV-
0C43, severe acute respiratory syndrome coronavirus (SARS-CoV),
and Middle East respiratory syndrome coronavirus (MERS-CoV)—
the last two of which caused severe respiratory symptoms and hu-
man death on a globe scale.? On December 2019, a human case in
Wuhan, China infected with novel human coronavirus (HCoV) was
first reported, who exhibited fever, difficulty with breathing, and
invasive lesions in the lungs. This novel HCoV was subsequently
designated as 2019-nCoV by World Health Organization (WHO). As
of 4, February 2020, a total of 20,520 human cases (of which 426
fatal) of pneumonia infected with the 2019-nCoV had been demon-
strated in all of the provinces of China (Fig. 1), with fatality rate of
~5% in Wuhan and ~0.8% in the rest of cities of China, respec-
tively. Strikingly, the 2019-nCoV had caused family case clusters
and sustained human-to-human transmission.>** On January 30,
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2020, WHO declared the 2019-nCoV epidemic as a Public Health
Emergency of International Concern (https://www.who.int), posing
a new public health concern.

The emergence of novel 2019-nCoV highlights the necessity of
tracing the origin of virus and the updated prevention and control
systems in order to avert outbreaks. We found that the genomes of
the novel 2019-nCoV were genetically closely related to beta SARS-
related CoV (SARSr-CoV) circulating in China and had undergone
genetic recombination with SARSr-CoV (Fig. 2 and Supplementary
Figure S1-S3). The overall genome identity of the 2019-nCoV and
SARSr-CoV was ranging from 82% to 89%. With rapid dissemination
of the 2019-nCoV, the viruses had been transmitted rapidly in
more than 25 countries, and a steep increase in human infection
with the 2019-nCoV occurred in China (Fig. 1). To further explore
the genetic evolution of the 2019-nCoV, phylogenic relationships
of 31 isolates examined in this study were explored and divided

into four genotypes, including G1, G2, G3, and G4. We found that
25 isolates clustered together and had been circulating in Thailand
and multiple provinces (e.g. Taiwan, Guangdong, Zhejiang, and
Hubei) of China, suggestive of the ongoing co-circulation of the
viruses. The 2019-nCoV circulating in USA and Wuhan, China
clustered into an independent cluster. However, interestingly, the
SZTH-002, 20SF013, and SZTH-001 strains in Guangdong province
were located at basal branch of the 2019-nCoV (Fig. 2), indicative
of a single origin. The genetic diversity of RNA-dependent RNA
polymerase of the 2019-nCoV was very small (Supplementary
Figure S1). By contrast, the Spike (S) genes of some 2019-nCoV
prevailing in Guangdong province were found at the root of the
2019-nCoV in Wuhan (Supplementary Figure S2). These findings
indicated that the 2019-nCoV were infected from different regions
in Wuhan and had been undergoing continuous evolution and
dissemination in different regions. Compared with the rapid muta-
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tion of the influenza A viruses, the degree of diversification of the
2019-nCoV was much smaller. Nevertheless, we cannot rule out if
the 2019-nCoV continue evolving to become more transmissible
and virulent in humans in the near future.

The S protein mediates receptor binding and membrane fusion,
and of particular note, it is of great importance to determine host
tropism and transmission capacity.> Zhou et al. demonstrated that
the 2019-nCoV use the same cell entry receptor, ACE2, as SARS-
CoV.5 The receptor binding region of the 2019-nCoV was more sim-
ilar to that of SARS-CoV; however, we found that four amino acid
substitutions in the receptor binding region of the 2019-nCoV, in-
cluding S486Q, F485Y, N493G, and Y501V substitutions (2019-nCoV
numbering), were different from that of SARS-CoV (Fig. 2), which
might affect the receptor binding ability.

Bats provide a rich “gene pool” for interspecies exchange
of genetic fragments of CoV.” Continuous surveillance in bats
provide us a clue to the correlation between the 2019-nCoV and
the animal origin CoV. Despite the shared cluster between the
2019-nCoV and bat SARSr-CoV, we cannot infer that the reservoir
of the 2019-nCoV was originated from bats. Most of the patients
infected with novel 2019-nCoV had a history to the seafood and
live animal markets, and the vendor used to sale wild animal
species, including marmot, snake, leopard cat, bamboo rat, badger,
and hedgehog in Huanan seafood wholesale market (Supplemen-
tary Figure S4), all of which were susceptible to the novel CoV
in nature, indicating that it remains likely there was intermediate
hosts in the transmission cascade from bats to humans (Fig. 2).
However, a question of a public health interest is which interme-
diate hosts harbor the 2019-nCoV that could infect humans, which
should be examined in greater detail. Recently, the continuous
interspecies transmission events of CoV occurred, including the
emergence of MERS-CoV from camels to humans and swine acute
diarrhea syndrome CoV from bat to swine, posing serious threats
to public health.8? With the tradition of feeding wild animals for
food or use in traditional medicine in China, wild birds, mammals,
and reptiles carrying the novel zoonotic viruses flowed frequently
in trading center, which had considerable potential to transmit to
humans of emerging viruses.

In 2018, China had participated a Global Virome Project to iden-
tify unknown viruses from wildlife to better prepare for the epi-
demics of infectious diseases in humans.!® With multiple species
of CoV circulating in different animal species that could be trans-
mitted to humans, no one knows when or where the next outbreak
will occur. Nevertheless, decreasing the risk for the spread of novel
viruses including reducing contact among humans and wild ani-
mal species and stopping novel viruses at their origins is urgently
needed. We call upon wildlife biologists, ecologists, doctors, and
veterinarians should promote exchange and share data across dis-
ciplines as a mean to minimize the potential for pandemics of the
2019-nCoV.
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