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A B S T R A C T

Purpose: The COVID-19 pandemic has led to over 92 million cases and 1.9 million deaths worldwide since
its outbreak. Public health responses have focused on identifying symptomatic individuals to halt spread.
However, evidence is accruing that asymptomatic individuals are infectious and contributing to this
global pandemic.
Methods: Observational data of 320 index cases and their 1289 positive contacts from the National
COVID-19 Database in Bahrain were used to analyze symptoms, infectivity rate and PCR Cycle threshold
(Ct) values.
Results: No significant difference (p = 1.0) in proportions of symptomatic (n = 160; 50.0%) and
asymptomatic index cases (n = 160; 50.0%) were seen; however, SARS-CoV-2 positive contact cases
were predominantly asymptomatic (n = 1127, 87.4%). Individuals aged 0�19 years constituted a larger
proportion of positive contact cases (20.8%) than index cases (4.7%; p < 0.001). A total of 22% of the
positive contacts were infected by symptomatic male index cases aged between 30�39 years. The total
numbers of exposed contacts (p = 0.33), infected contacts (p = 0.81) and hence infectivity rate (p = 0.72)
were not different between symptomatic and asymptomatic index cases. PCR Ct values were higher in
asymptomatic compared to symptomatic index cases (p < 0.001), and higher in asymptomatic compared
to symptomatic positive contacts (p < 0.001). No differences between the infectivity rates of index cases
with Ct values <30 and values �30 were observed (p = 0.13).
Conclusion: These data reveal that the high asymptomatic incidence of SARS-CoV-2 infection in Bahrain
and subsequent positive contacts from an index case were more likely to be asymptomatic, showing the
high “silent” risk of transmission and need for comprehensive screening for each positive infection to
help halt the ongoing pandemic.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

SARS-CoV-2, the virus causing Coronavirus disease 2019
(COVID-19), has infected more than 92 million people and lead
to the death of more than 1.9 million people worldwide since its
outbreak in December 2019 (WHO, 2020). The disease has a wide
range of presentations, from asymptomatic infection to fever,
cough, shortness of breath and the loss of taste and smell.
Symptoms normally appear 2–14 days following exposure to the
virus and may develop into mild upper respiratory tract infections
or progress to severe pneumonia, which can progress to acute

respiratory distress, shock, multiorgan failure and death (Huang
et al., 2020; Wang et al., 2020).

The virus is thought to mainly be transmitted through person-
to-person contact, with evidence that SARS-CoV-2 transmits
through the inhalation of large droplets exhaled by infected
individuals (WHO, 2021; Anfinrud et al., 2020). Interventions have
accordingly been taken to identify, test and isolate infected people,
with the aim of containing the spread of the disease. To date,
international testing has mostly been carried out on symptomatic
patients seeking diagnosis. However, whilst there is increased
evidence of asymptomatic infections (Hu et al., 2020; Bai et al.,
2020; Zhang et al., 2020; Furukawa et al., 2020; Arons et al., 2020),
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testing has been prioritized to the more “pressing” symptomatic
individuals. This is not surprising as identification COVID-19 was
extremely dependent on symptomatic diagnosis early in the
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andemic, and management of symptoms is an essential part of
reatment. Indeed, both the World Health Organization (WHO) and
he Center for Disease Control and Prevention (CDC) have issued
uidance for the identification of COVID-19 based on symptoms
Sohrabi et al., 2020). In agreement with the classical belief that
iral infection normally stimulates a symptomatic response in its
ost, the WHO commented that transmission of COVID-19 by
symptomatic individuals is “very rare” (Anon, 2021), although
his has now been retracted. The CDC estimates that 35% of COVID-
9 cases are asymptomatic and 40% of transmissions occur before
ymptom onset (CDC, 2020). These statements were supported by
eports showing that transmission between the asymptomatic
ndex cases and contact cases mostly occurred within households
r during hospital visits (Hu et al., 2020; Bai et al., 2020; Zhang
t al., 2020; Furukawa et al., 2020). A recent study by Arons et al.
escribed a COVID-19 outbreak in a Washington nursing facility:
fter a symptomatic healthcare worker tested positive for the
irus, a facility-wide SARS-CoV-2 screen was carried out, which
howed over half (56%) of workers who tested positive for SARS-
oV-2 were asymptomatic, of which 71% had viable virus by
ulture (Arons et al., 2020). This study demonstrates the need to
ake this reservoir of asymptomatic infections as a serious threat to
he community spread of SARS-CoV-2.

Although reports of these silent transmitters are limited in
umber, models simulating the spread of infection through China
ave shown that undocumented asymptomatic cases greatly
ontributed (Li et al., 2020; Nishiura et al., 2020). These reports
eveal that undocumented cases, most of which are asymptomatic,
ere overlooked when evaluating the magnitude of the pandemic.
his means that infectivity, and hence identification and manage-
ent of these asymptomatic cases, was consequently “missed”,
ut appears to be vital in controlling the pandemic. However, since
urrently available data on asymptomatic transmission are scarce
nd geographically limited, there is much controversy surrounding
ts real impact. As a result, current public health guidelines are not
dapted to asymptomatic transmission, but with predictions of an
mminent second SARS-CoV-2 wave approaching there must be
ncreased understanding of this key factor in the ongoing global
andemic.
Bahrain had recorded over 26,000 confirmed COVID-19 cases at

he time this paper was written. The kingdom has been praised for
ts response to the pandemic, implementing gold-standard testing
nd contact tracing procedures to identify, test and quarantine all
otential cases. As well as developing a vaccine and therapeutic
ure, disease control depends on developing a better understand-
ng of the viral infection and spread in national and international
opulations. This study aimed to compare the differences in
haracteristics between index cases and positive contacts, and to
ompare the public health risks between asymptomatic and
ymptomatic transmission of COVID-19. Therefore, it analyzed the
emographics, clinical characteristics and differences in viral
ransmission of index cases who transmitted the virus to their
ontacts in Bahrain.

ethods

tudy design

This was a cross-sectional observational study conducted in
ahrain between April–June 2020 in Bahrain comparing trans-

by polymerase chain reaction (PCR) analysis. The RT-qPCR test
was conducted using Thermo Fisher Scientific (Waltham, MA)
TaqPath 1-Step RT-qPCR Master Mix on the Applied Biosystems
(Foster City, CA) 7500 Fast Dx RealTime PCR Instrument. The assay
followed the WHO protocol and measured the viral E gene. If the E
gene was detected, the sample was subsequently analyzed for the
SARS-CoV-2 RdRP and N genes. When measuring the initial E
gene, a Cycle threshold (Ct) value of >40 was considered negative.
All confirmed cases were immediately admitted to a government
isolation and treatment facility, irrespective of being symptom-
atic or asymptomatic, and discharged after two consecutive
negative PCR tests.

“Index cases” were defined as individuals with a confirmed
SARS-CoV-2 infection who had transmitted the infection to at least
one close contact. Symptomatic index cases were identified on
their presentation to the medical services, whilst asymptomatic
index cases were identified by the program of community
screening targeting close contacts, travelers and random testing
in areas with outbreaks. Screening for close contacts was carried
out by the contact tracing team to identify all close contacts of a
positive index case and arrange testing and quarantine of the close
contacts. Close contacts who tested positive were termed “positive
contacts”. These two samples (index cases and all their positive
contacts) were compared based on demographics (gender, age
group, nationality) and clinical features (symptomatic or asymp-
tomatic). Symptomatic individuals were those who presented with
symptoms at testing, or developed symptoms in the period prior to
or on admission to isolation or treatment facilities. Asymptomatic
individuals were individuals who had no symptoms at testing and
did not develop symptoms up to their isolation or admission to
health facilities. Symptom status was not followed up after
isolation of cases because these cases were no longer a public
health risk.

Data collection

A population of 350 index cases was obtained, all of whom were
known to have documented contact tracing. After exclusion of
cases with incomplete data, 320 index cases were included in the
study. Demographics (gender, age group and nationality), clinical
features on admission (symptomatic or asymptomatic), total
number of close contacts and the number of positive contacts
and their Ct values (as indicators of viral load) were extracted.
Contact tracing was conducted by the Central Investigation
Department and Public Health Directorate in Bahrain. All contacts
of index cases were traced prior to the isolation and treatment
facility admission. Demographics (gender, age group and nation-
ality) and clinical features on admission (symptomatic or
asymptomatic) were extracted for each positive contact. No
positive contact cases were excluded.

Data handling and statistical analysis

The demographics (gender, age group and nationality) were
compared between index cases and positive cases. Z-tests were
used to compare differences in variables represented as counts
and/or proportions (gender, nationality, clinical features) between
samples. T-tests with Welch’s correction were used to compare
means between samples, with mean values quoted as
(mean � SEM), unless otherwise stated. P-values were considered
ission between symptomatic and asymptomatic SARS-CoV-2-
nfected individuals. A confirmed COVID-19 case was defined as
n individual who tested positive for SARS-CoV-2 Envelope (E),
NA-dependent RNA Polymerase (RdRP) and Nucleocapsid (N)
enes. The test was conducted by taking a nasopharyngeal (NP)
wab. The NP sample was tested for the presence of SARS-CoV-2
65
statistically significant at p < 0.05. Analyses were performed using
STATA (Version 16.1) and GraphPad Prism (Version 9.0.0).

The protocol and manuscript for this study were reviewed and
approved by the National COVID-19 Research Committee in
Bahrain. All methods and retrospective analysis of data were
approved by the National COVID-19 Research and Ethics
7
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Committee, and carried out in accordance with local guidelines
and ethical guidelines of the Declaration of Helsinki 1975.

Results

Demographics

A total of 320 randomly selected index cases and their 1289
positive contacts were included in this study; their demographic
characteristics are presented in Table 1. There were significantly
more males amongst both index cases (74.1%, z = 8.6, p < 0.001) and
positive contacts (69.2%, z = 13.8, p < 0.001). Bahraini nationals
represented a significant proportion of both the index cases sample
(59.7%, z = 3.5, p < 0.001) and positive contacts sample (54.5%,
z = 3.3, p = 0.0011). There was no difference in the proportion of
symptomatic versus asymptomatic index cases (50%, z = 0.0,
p = 1.0). However, asymptomatic presentation was significantly
greater among the positive contacts (87.4%, z = 26.9, p < 0.001). The
age group with the highest proportion of index cases (40.3%) and
positive contacts (28.3%) was 30�39 years. The least common age
group for index cases was 0�9 years (0.3%), and 60+ years for
positive contacts (4.1%).

Age groups

When conducting further analysis of age group distributions,
the age groups 0�9 and 10�19 were merged to account for the
small sample sizes. To visualize the overall infected cases and
determine the transmission levels of each age group, the
percentage proportions of index and positive contact cases in
the age groups 0�19, 20�29, 30�39, 40�49, 50�59 and 60+ years
were compared. When comparing the proportion of index cases to
positive cases across all the age groups, individuals aged 0�19
years were the only group to have a significant increase (z = 6.7,
p < 0.001), with 4.7% of index cases linked to 20.8% of positive
cases, suggesting that the highest susceptibility was in this age
group. Additionally, although the age group with the highest
proportion of infected individuals (both index cases and positive
contacts) was 30�39 years, this age group constituted a
significantly higher proportion of index cases (40.2%) than positive
contacts (28.3%) (z = 4.2, p < 0.001), suggesting higher transmis-
sion from this age group. No significant difference was observed in
the other age groups (Figure 1).

Analysis of the number of symptomatic and asymptomatic
index cases of each gender was undertaken. The number of positive
index cases infected was stratified according to gender, age group
and symptomatic or asymptomatic clinical features. Most

transmissions occurred from male index cases. The greatest
number of positive contacts were infected by symptomatic male
index cases aged between 30�39 years (285 cases). This
corresponds to 22% of the positive contacts. This was also the
category with the highest number of positive contacts for female
index cases, although the number was less than the number of
male cases (Figure 2).

Infectivity rates

Of all 1289 positive contacts, 656 (50.9%) were contacts of
symptomatic index cases and 633 (49.1%) were contacts of
asymptomatic index cases and the difference between the number
of people infected by a symptomatic or asymptomatic index case
did not differ (z = 0.6, p = 0.52). The mean number of close contacts
from symptomatic index cases was 12.4 � 1.2 contacts, which did
not differ to the mean number of close contacts from asymptom-
atic index cases, which was 14.0 � 1.1 contacts (p = 0.33). The
majority of positive contacts were asymptomatic (87.4%).

To evaluate the effect of the presence or absence of symptoms
upon rate of infection, this study compared the mean number of
positive contacts infected by either symptomatic cases (4.1 � 0.5
infected/case) or asymptomatic index cases (4.0 � 0.3 infected/
case). No association was observed between clinical symptoms and

Table 1
Demographics (gender, age group, nationality) and clinical features (symptomatic
or asymptomatic) amongst the index cases and positive contacts.

Index cases n (%) Positive contacts n (%)

N 320 1289
Gender Males 237 (74.1) 892 (69.2)

Females 83 (25.9) 397 (30.8)
Age group 0�9 1 (0.3) 136 (10.6)

10�19 14 (4.4) 131 (10.2)
0�19 15 (4.7) 267 (20.8)
20�29 67 (20.9) 266 (20.6)
30�39 129 (40.3) 365 (28.3)

Figure 1. Comparison of the proportions of index cases and positive contacts by age
group.
Proportions represent the total number of individuals in each sample that belong to
each age group, as a proportion of the total sample size, and are plotted in
percentages above each bar. The proportions were statistically compared using two-
sample z-tests. Statistical significance is indicated above the error bars: p > 0.05
(ns), p < 0.05 (*), p < 0.01 (**), p < 0.001 (***), p < 0.0001 (****).
40�49 69 (21.6) 222 (17.2)
50�59 27 (8.4) 116 (9.0)
60+ 13 (4.1) 53 (4.1)

Nationality Bahraini 191 (59.7) 703 (54.5)
Non-Bahraini 129 (40.3) 586 (45.5)

Clinical features Symptomatic 160 (50.0) 162 (12.6)
Asymptomatic 160 (50.0) 1127 (87.4)

Figure 2. Number of individuals infected by index case gender, age group and
clinical features.
The total number of individuals infected represent the positive contacts, with the
total count indicated by the number above the bar. The key representing the
categories of data plotted is indicated on the top-right corner.
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he number of cases infected (t = 0.2, p = 0.81). Second, infectivity
ates were calculated to adjust for number of exposed contacts.
nfectivity rate for each index case was calculated using total
ositive contacts as a proportion of all exposed contacts.

nf ectivity rate ð%Þ ¼  
Number of  positive contacts of  the index case 

Total number of  exposed contacts of  the index case 
 x 100

The mean infectivity rate for symptomatic index cases was
9.3% � 2.0% that did not differ to asymptomatic index cases was
8.3% + 2.0% (p = 0.72).

t-PCR value analysis

Ct values were available for 282 individuals within the index
ases sample: 145 were symptomatic index cases and 137 were
symptomatic index cases, with values ranging between 17–34 and
8–35, respectively. The mean Ct value was significantly higher in
symptomatic (25.5 � 0.4), compared to symptomatic (23.3 � 0.3)
ndex cases (t = 4.2, p < 0.001). The analysis of Ct values was
xpanded to test for an association with infectivity rate. The spread
f data is shown in Figure 3a, with infectivity rates that steeply
ncreased with increasing Ct values up to Ct values of 20, after
hich the curve plateaued. Interestingly, infectivity rate peaked at
t values of 20 and 28, and dipped at 24 and 33. Index cases were
ategorized by Ct value (<30 or �30), and infectivity rates
ompared between these two groups. The average infectivity rate
bserved for Ct values <30 was 39.8% � 1.6% (n = 243) that did not
iffer compared to Ct values �30 was 34.6% � 3.1% (n = 39)
p = 0.13) (Figure 3b).

Ct values were available for 1017 individuals within the positive
ontacts sample, of those 93 were symptomatic and 924 were
symptomatic, with Ct values ranging between 17–35 and 15–36,
espectively. The mean Ct value was significantly higher amongst
symptomatic (27.1 � 0.1) than symptomatic (25.2 � 0.4) positive
ontacts (p < 0.001).

iscussion

These data showed that 320 index cases transmitted the
nfection to 1289 positive contacts and, on average, each positive
ontact infected four individuals, showing the high infectivity and
eflecting the SARS-C0V-2 pandemic that has resulted. This study
as shown that the risk of transmission by asymptomatic
ndividuals may be higher than previously expected. This study
elected a random sample of 320 index cases who had documented
inks to exposed contacts who tested positive. It was found that
symptomatic individuals constituted a larger proportion of index
ases than expected (50.0%). This finding was even greater
mongst positive contacts (87.4%). This may be due to early

diagnosis of close contacts. In Bahrain and during the pandemic all
close contacts were identified, tested and quarantined within 48 h.
This led to detection of a significant number of positive contacts
early during their infection course. Bahrain has been globally

praised for the excellent response and infrastructure setup early
during the pandemic to identify, test and isolate infected
individuals. Contact tracing was rapidly and strictly implemented
to control spread. In addition, random community testing enabled
identification of cases before they escalated and, hence, limited
transmission. These measures have led to increased diagnosis of
cases of asymptomatic infection and may explain these findings.

Moreover, several studies have suggested that children are less
likely to develop severe COVID-19 and more likely to be
asymptomatic (Swann et al., 2020; Han et al., 2020; Sola et al.,
2020). The significantly higher rates of children that the current
study observed amongst positive contacts compared to index cases
may also be a contributor to this increased asymptomatic
presentation amongst positive contacts. These data are higher
than those that have previously been reported, where 30–40% of all
COVID-19 infections were suggested to be asymptomatic (Oran and
Topol, 2020), with higher estimates being suggested (Nishiura
et al., 2020), whilst in a cruise ship outbreak it was estimated that
81% of COVID-19 were asymptomatic (Mizumoto et al., 2020);
however, the data are in accord with previous data on international
arrivals into Bahrain, where asymptomatic patients were greater
than those who were symptomatic (Al-Qahtani et al., 2021). In
addition, a recent study using a model to assess SARS-CoV-2
transmission showed that asymptomatic transmissions may
account for at least 50% of all SARS-CoV-2 infections. The current
results support these projections, in that 50% of index cases (i.e.
transmitters) in this sample were asymptomatic (Johansson et al.,
2021).

The current data also showed a higher proportion of positive
contacts aged 0�19 years than index cases. This is consistent with
reports from several studies stating that transmission from
children is less common than from adults (Cai et al., 2020; Danis
et al., 2020). In addition, a recent prospective cohort study also
showed lower rates in ages 0–17 years amongst index cases
compared to positive contacts (Luo et al., 2020). With current
public health measures in Bahrain comprising the suspension of
face-to-face teaching at schools and closures of youth socializing
spaces, restaurants, cinemas and arcades, young people are more
likely to remain at home and less likely to transmit in the
community. This may clarify why this age group is over-
represented in positive contacts compared to index cases;
however, this study did not quantify transmission or infectivity
by age group and the results are exclusively epidemiological.

The most significant category of index cases and, hence,
transmitters of COVID-19 in the studied sample were male index
cases aged 30�39 years. This was not unexpected, as this
constitutes the working age group in Bahrain and there is a higher
proportion of working males in the country (LMRA, 2021). This
group generated the greatest number of contact cases, who were
usually household contacts and included children, explaining the
higher prevalence of infected children in the positive contacts
found. Interestingly, the segment of the sample aged 60+ years
constituted a steady proportion of 4.1% of both index cases and
igure 3. Analysis of infectivity rates by PCR Ct values. (a) PCR Ct values and
orresponding infectivity rates for 282 index cases, with a fitted Lowess curve
howing the association between these variables; (b) Average infectivity rates for
dex cases with Ct values <30 and �30, plotted as mean�95% confidence limits.

65
positive contacts. This is relatively comparable to the proportion of
the total population of individuals aged 60+ years in Bahrain (5.4%)
(iGA, 2019). In conjunction, these results suggest that the behavior
elicited by this age group, and perhaps individuals around them,
may be of increased awareness of risk to this age group and hence
9
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cautiousness in their interactions. Additionally, interactions of this
age group may comprise small social circles of similarly aged
individuals, with similar lifestyles and levels of cautiousness. Luo
et al. also reported similar proportions of index cases and positive
contacts for individuals aged 60+ years at 27.9% and 26.8%,
respectively (Luo et al., 2020); however, it is believed that these
results were most likely due to behavioral tendencies, as
susceptibility of this age group to infection is extensively
documented (Davies et al., 2020; Channappanavar and Perlman,
2020; Crimmins, 2020).

This study found no difference in numbers of symptomatic and
asymptomatic index cases and their respective infectivity rates. It is
believed that this shows that asymptomatic individuals play a larger
role in the spread of the disease, andtherefore impose a higher public
health risk than currently believed. In addition, no significant
difference in the numbers of contacts infected by symptomatic and
asymptomatic index cases were found. One hypothesis is that
symptomatic individuals are more cautious and aware of the
probability of being COVID-19 positive, and therefore take precau-
tionsto reducethe transmission fromwhat it would normally be fora
symptomatic index case (Pollock and Lancaster, 2020). Simulta-
neously, asymptomatic individuals would be unaware of asymp-
tomatic transmission, and therefore normally interact with others
andspreadthe disease. However, if thiswerethe caseandsimilarities
in findings were entirely behavioral, a larger average number of
exposed contacts for asymptomatic index cases than symptomatic
would have been expected; however, this was not seen and no
difference in average exposed contacts or positive contact between
symptomatic and asymptomatic index cases was observed. This
study suggests that globally asymptomatic transmission should be
urgently addressed in addition to that of symptomatic transmission.

It has been widely adopted that viral load can be quantified as
an inverse relation to PCR Ct values (Zou et al., 2020; Zhou et al.,
2020) and this hypothesis was applied in this study. Index cases
with high infectivity rates were found to have lower Ct values and
higher viral loads. When compared by symptoms, asymptomatic
index cases showed a higher Ct value (i.e. lower viral load), with a
mean of 25.5. La Scola et al. reported that patients with Ct values
<33–34 are considered infectious, and since the average Ct values
for asymptomatic individuals in this study were well below this
cut-off, this adds evidence that asymptomatic cases are infectious
(La Scola et al., 2020). However, the current data showed that cases
with Ct values up to 35 remained infectious, regardless of
symptoms. It is possible that these individuals were at a later
stage of their infection, and hence a delay in detection of these
cases may actually mean that infection previously happened at
lower Ct values. This may also explain the inconclusive result for
the association between Ct value and infectivity rate; therefore,
these results must be interpreted with caution. Furthermore, it is
important to consider the selection of patients in this study: they
were all index cases who transmitted the virus and hence this
would have biased the Ct value association with infectivity.

The current identification measures of positive contacts are
prioritized by symptomatic rather than asymptomatic patients
because until the SARS-CoV-2 outbreak, asymptomatic infection and
transmission were believed to be unlikely (Anon, 2021). However,
the current results show thatsymptomatic presentationof COVID-19
may not be the only contributor to its spread. Indeed, temperature
and symptom-based detection are not effective at surveilling
asymptomatic individuals for COVID-19. The magnitude of asymp-

This study also had a number of limitations, including that the
index cases were collected from the contact tracing databases and
only index cases who transmitted the virus were included. This is
an important consideration, as this may have influenced the results
related to infectivity rates and transmission. In addition, in order to
study infectivity as accurately as possible, the index cases who
were selected had identifiable contacts, resulting in a decrease in
sample size. Larger samples are required to confirm associations
and give clearer indications for trends in cases, and better advice
for public health policies is necessary to control this pandemic.
Finally, the Ct value analysis conducted in this study should be
interpreted with caution, as there was no inclusion of the number
of days after exposure to the virus that the value corresponded to.
This was not possible due to difficulty in identifying the point of
exposure for the index cases, especially for the asymptomatic
cases.

In conclusion, these data show that the high asymptomatic
incidence of SARS-CoV-2 infection in Bahrain and subsequent
positive contacts from an index case are more likely to be
asymptomatic, showing the high “silent” risk of transmission and
the need for comprehensive screening for each positive infection to
help halt the ongoing pandemic.
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tomatic transmission revealed in this study may explain the
difficulty experienced worldwide in controlling the pandemic.

A strength of this study was that all individuals were admitted
to health facilities on confirmation of infection and their symptoms
were determined, so those who were symptomatic or asymptom-
atic could be distinguished.
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