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Abstract

IMPORTANCE In 2022, Omicron variants circulated globally, and Urumqi, China, experienced a
COVID-19 outbreak seeded by Omicron BA.5 variants, resulting in the highest number of infections
in the city’s record before the exit of the zero COVID-19 strategy. Little was known about the
characteristics of Omicron variants in mainland China.

OBJECTIVE To evaluate transmission characteristics of Omicron BA.5 variants and the effectiveness
of inactivated vaccine (mainly BBIBP-CorV) against their transmission.

DESIGN, SETTING, AND PARTICIPANTS This cohort study was conducted using data from an
Omicron-seeded COVID-19 outbreak in Urumqi from August 7 to September 7, 2022. Participants
included all individuals with confirmed SARS-CoV-2 infections and their close contacts identified
between August 7 and September 7, 2022 in Urumqi.

EXPOSURES A booster dose was compared vs 2 doses (reference level) of inactivated vaccine and
risk factors were evaluated.

MAIN OUTCOMES AND MEASURES Demographic characteristics, timeline records from exposure
to laboratory testing outcomes, contact tracing history, and contact setting were obtained. The mean
and variance of the key time-to-event intervals of transmission were estimated for individuals with
known information. Transmission risks and contact patterns were assessed under different disease-
control measures and in different contact settings. The effectiveness of inactivated vaccine against
the transmission of Omicron BA.5 was estimated using multivariate logistic regression models.

RESULTS Among 1139 individuals diagnosed with COVID-19 (630 females [55.3%]; mean [SD] age,
37.4 [19.9] years) and 51 323 close contacts who tested negative for COVID-19 (26 299 females
[51.2%]; mean [SD] age, 38.4 [16.0] years), the means of generation interval, viral shedding period,
and incubation period were estimated at 2.8 days (95% credible interval [CrI], 2.4-3.5 days), 6.7 days
(95% CrI, 6.4-7.1 days), and 5.7 days (95% CrI, 4.8-6.6 days), respectively. Despite contact tracing,
intensive control measures, and high vaccine coverage (980 individuals with infections [86.0%]
received �2 doses of vaccine), high transmission risks were found in household settings (secondary
attack rate, 14.7%; 95% CrI, 13.0%-16.5%) and younger (aged 0-15 years; secondary attack rate,
2.5%; 95% CrI, 1.9%-3.1%) and older age (aged >65 years; secondary attack rate, 2.2%; 95% CrI,
1.5%-3.0%) groups. Vaccine effectiveness against BA.5 variant transmission for the booster-dose vs
2 doses was 28.9% (95% CrI, 7.7%-45.2%) and 48.5% (95% CrI, 23.9%-61.4%) for 15-90 days after
booster dose. No protective outcome was detected beyond 90 days after the booster dose.

CONCLUSIONS AND RELEVANCE This cohort study revealed key transmission characteristics of
SARS-CoV-2 as they evolved, as well as vaccine effectiveness against variants. These findings suggest
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Abstract (continued)

the importance of continuously evaluating vaccine effectiveness against emerging SARS-CoV-2
variants.
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Introduction

As of September 26, 2022, the COVID-19 pandemic caused by SARS-CoV-2 had led to more than 611
million infections and 6.5 million deaths globally.1 Owing to the continual evolution and adaptation of
the virus, variants of SARS-CoV-2 with greater transmissibility and immune escape have persistently
emerged,2,3 posing significant challenges for mitigation through public health and social measures
(PHSMs) and vaccination.

SARS-CoV-2 Omicron variants, which were identified in South Africa in late 2021, have been
designated by the World Health Organization as the fifth variant of concern and have dominated the
pandemic. Initial Omicron outbreaks across the world were caused by the BA.1 lineage. Since early
2022, BA.1 has been quickly replaced by the Omicron BA.2 sublineage, which has greater
transmissibility.4 Omicron BA.4 and BA.5 variants were the sublineages of BA.2; owing to their
substantial resistance to antibodies elicited by vaccination or by infection with Omicron BA.1 or BA.2
variants,5 Omicron BA.4 and BA.5 variants have replaced Omicron BA.2 variants and recently caused
major outbreaks globally.6 As of September 19, 2022, Omicron BA.5 variants and descendants have
become the dominant circulating strain, accounting for 76.6% of globally sequenced infections,
followed by the Omicron BA.4 variant and its descendants, with 7.5%.7

Understanding the epidemiological characteristics of Omicron BA.5 variants is crucial for
planning control strategies for future outbreaks. In most countries, fundamental PHSMs, such as
contact tracing, isolation, and quarantine of individuals who were infected and their contacts, have
been key for mitigating outbreaks. Knowledge of the distributions of time intervals between key
events of transmission may provide insights into the temporal aspects of these PHSMs. For instance,
the incubation period, defined as the time between infection and clinical onset, could help to define
the duration of isolation and quarantine periods for close contacts.8 The generation interval (GI),
defined as the time between secondary and primary infections, may inform the responsiveness of
contact-tracing measures.9 The viral shedding period may help determine the length of isolation for
individuals with asymptomatic infections. We searched the PubMed database for articles about
transmission characteristics of Omicron BA.5 published from January 1 to October 20, 2022, and
found 1 peer-reviewed observational study evaluating transmission risks of Omicron BA.5 variants
their key epidemiological parameters, which was based on data from South Africa.10 Transmission
characteristics of Omicron BA.5 were largely unassessed for other locations, especially for regions
with a background of COVID-19 elimination policies. It is thus important to monitor these key
epidemiological parameters for emerging genetic variants of SARS-CoV-2 given that they vary across
variants.3,11

Although Omicron BA.5 variants had a greater immune escaping ability than BA.2, there is little
and conflicting evidence regarding vaccine effectiveness (VE) against Omicron BA.5 variants. A 2022
study12 found decreased VE against hospitalization and death for Omicron BA.5 variants compared
with Omicron BA.2 variants, whereas studies from South Africa13 and the UK14 found no evidence of
reduced VE against hospitalization for BA.5 variants compared with BA.2 variants. In addition, there
is a lack of studies assessing VE against transmission,15 which could implicitly answer questions about
the extent to which vaccines are associated with decreased risk of onward transmission from
vaccinated individuals with COVID-19. For the protective outcome associated with vaccines, a 2022
systematic review16 identified 3 peer-reviewed studies published before March 8, 2022, that
investigated VE against the transmission of Omicron variants; 1 of these observational studies
adjusted for confounding variables when estimating vaccine effectiveness,4 and all studies analyzed
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Omicron BA.1 or BA.2 variants. We searched the PubMed database for studies in clinical practice of
VE against Omicron transmission published from March 1 to October 20, 2022, but found no peer-
reviewed observational studies on the topic. As of October 2022, to our knowledge, no estimates of
the effectiveness of inactivated vaccine against Omicron BA.5 variants were reported. Owning to
the previous zero COVID-19 policy, SARS-CoV-2 was at a relatively low level in China compared with
most of the rest world, and thus no previous estimates of the effectiveness of COVID-19 vaccines
against the transmission of SARS-CoV-2 Omicron variants in China were published before
December 2022.

In this study, we analyzed a comprehensive set of contact-tracing data collected during
outbreaks seeded by SARS-CoV-2 Omicron BA.5.2 variants in Urumqi, China. We estimated
epidemiological features, infectivity, and VE against transmission for the Omicron BA.5.2 sublineage.

Methods

This was a retrospective cohort study including all individuals with laboratory-confirmed SARS-CoV-2
infections and their close contacts identified from August 7 to September 7, 2022 in Urumqi, China.
This study was reported following the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline. The collection of specimens and epidemiological and
clinical data for individuals infected with SARS-CoV-2 and their close contacts was a part of a
continuing public health investigation of COVID-19 outbreaks, which was determined in the Protocol
on the Prevention and Control of COVID-19 by the National Health Commission of the People’s
Republic of China to be exempt from ethical approval (ie, institutional review board assessment). All
study data were completely anonymized. This study was approved by the institutional ethics
committee of Xinjiang Medical University. Because this study was a retrospective analysis using
secondary data without personal identity or human samples, the requirement for obtaining
informed consent was waived by the Urumqi Center for Disease Control and Prevention.

Study Setting and Design
Before August 2022, no large-scale COVID-19 outbreak occurred under the context of zero COVID-19
control measures in Urumqi. As of July 2022, vaccine coverage was 90% among the general
population in mainland China for the 2-dose inactivated vaccine (mainly BBIBP-CorV [Sinopharm]);
more than 72% of this population had already received the third dose.

The first confirmed SARS-CoV-2 infections seeded by the SARS-CoV-2 Omicron BA.5.2 variant
were reported on August 7, 2022, in Urumqi. This variant spread rapidly in the population, with a
surge in the daily number of infections during the first few days of the outbreak. In response to this
COVID-19 epidemic, temporary static management measures, including city lockdown, mass testing,
contact tracing, and isolation of individuals who were infected, were rapidly imposed by the local
government on August 10. To block transmission routes of SARS-CoV-2, all individuals with confirmed
infections were sent to the designated hospital, and rigorous epidemiological investigations were
conducted for each individual to record exposure and contact history. For close contacts of
individuals with confirmed infections, comprehensive screening and medical observation were
carried out in quarantine settings. Real-time reverse transcription polymerase chain reaction
(RT-PCR) testing on a nasopharyngeal or oropharyngeal swab was performed daily for all individuals
in Urumqi (ie, citywide mass detection) to actively identify SARS-CoV-2 infections. Since the
implementation of these strict control measures, the daily number of infections has gradually
decreased.

SARS-CoV-2 Infections
We collected epidemiological contact-tracing data of individuals with SARS-CoV-2 Omicron BA.5.2
infections between August 7 and September 7, 2022, in Urumqi from the disease surveillance
program of the Xinjiang Uygur Autonomous Region Health Committee. For each individual who was
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infected, we extracted information on age, sex, exposure history, contact setting (ie, household or
nonhousehold), symptom onset date, diagnosis (test-positive) date, serial RT-PCR test outcomes,
and vaccination history. We excluded individuals without available patient record information.
Contact-tracing data were collected and analyzed as part of an ongoing public health outbreak
investigation. See Figure 1 for the flow of data cleaning for several parts of the analysis. Details of the
case definition are provided in eAppendix 1 in Supplement 1.

We sequenced complete SARS-CoV-2 genomes for 11 randomly selected individuals infected
with BA.5.2 detected within the first week of the local outbreak. Genetic variants of SARS-CoV-2 that
seeded infections in this outbreak in Urumqi were classified as the Omicron BA.5.2 sublineage by the
PANGO lineage designation. See eAppendix 2 in Supplement 1 for details.

Close Contacts and Transmission Pairs
We defined close contacts as individuals who had close-contact records with individuals who had
laboratory-confirmed SARS-CoV-2 infections. Close contacts included household contacts, social
contacts, and close contacts in public spaces.17 Based on the exposure history of individuals, we
identified epidemiological associations between individuals who were infected and constructed
transmission pairs of individuals who spread and received infections. The process of including

Figure 1. Flowchart of Sample Selection

Generation intervalA

1139 Individuals with SARS-CoV-2 infections
reported August 7 to September 7, 2022

463 Infections with known individual
spreading infection

47 311 Identified contacts for statistical analyses

178 Identified infections in transmission pair
with known exposure date or interval for
individual spreading or receiving infection

709 Identified individuals with infections and
known exposure and first test-positive dates

770 Identified individuals with infections and
known first test-positive date and first
test-negative date after infection

60 Identified individuals with infections and
known exposure and symptom-onset dates

676 Individuals with infections excluded
due to unknown contact-tracing history
or unclear record of individual
spreading infection

285 Individuals with infections excluded
due to unavailable exposure date or
interval for individuals spreading or
receiving infection

Key time intervals after SARS-CoV-2 infectionC

1139 Individuals with SARS-CoV-2 infections
reported August 7 to September 7, 2022

430 Excluded individuals
with infections due to 
unknown exposure date

1059 Excluded individuals
with infections due to
asymptomatic infections
or unknown
symptom-onset date

369 Excluded individuals with
infections due to unknown
first test-negative date
after infection

Vaccine effectiveness against transmissionB

51 786 Close contacts of individuals with
confirmed SARS-CoV-2 infections from
August 7 to September 7, 2022

47 798 Contacts for whom the individual who
spread the infection had ≥2 vaccine doses

3988 Close contacts excluded because
individual spreading infection
had 0-1 vaccine doses

487 Close contacts excluded because
individual who spread infection was
missing time of last dose or was infected
within 14 d of last dose

6630 Contacts for whom the
individual who spread
the infection had 2 doses

94 Tested positive
6536 Tested negative

40 681 Contacts for whom the
individual who spread
the infection had 3 doses

321 Tested positive
40 360 Tested negative

A, The sample selection procedure for transmission pairs that were used for estimating
generation interval is presented. B, The sample selection procedure for eligible close
contacts who were used for estimating vaccine effectiveness against transmission is

presented. C, The sample selection procedure for eligible SARS-CoV-2 infections that
were used for estimating the period from exposure to viral shedding, viral shedding
period, and incubation period is presented.
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transmission pairs and individuals who were infected to estimate the distributions of time intervals
between key events is shown in Figure 1. Details of close contacts and transmission pairs are provided
in eAppendix 1 in Supplement 1.

Statistical Analysis
We assumed that distributions of time intervals between key events, including the GI, period from
exposure to the start of the viral shedding period (ie, a proxy of the latent period), viral shedding
period, and incubation period, followed γ distributions and estimated them using a bayesian
framework. For the estimation of GI, we also considered possible right-truncation bias in observed
transmission pairs; that is, the GI generated by each individual who spread an infection was truncated
owing to PHSMs (eg, contact tracing and isolation of individuals who were infected) that could be
associated with reduced transmission.18 Given that a series of intensive RT-PCR tests was conducted
for all individuals who were infected during outbreaks, we used the first date of RT-PCR positivity as
a surrogate of the time of viral shedding and considered the last date of positivity before the first
negative date as the ending date of viral shedding. This allowed us to calculate the period from
exposure to the start of viral shedding and the viral shedding period. The incubation period was
directly calculated and fitted to the γ model for transmission pairs with known exposure dates and
symptom onset dates. Subgroup analysis was performed for key time intervals by age, contact
setting, epidemic period (ie, before or after city lockdown), vaccination status, and symptom status
(ie, symptomatic or asymptomatic). Details of statistical approaches for estimating these key time
intervals are provided in eAppendix 3 in Supplement 1. We used the Markov chain Monte Carlo
method to estimate parameters of γ distributions. The median and 95% credible intervals (CrIs) were
obtained from converged posterior distributions of each parameter. In addition, following a
previously published theoretical framework,19,20 reproduction numbers were estimated and
compared before and after city lockdown; see eAppendix 4 in Supplement 1 for details.

Descriptive statistics, including demographic characteristics and contact setting, were
generated for local individuals who were infected and their close contacts. Based on contact-tracing
data, we described an age-specific contact matrix and a matrix of who acquires infection from whom
for the individual who spread the infection, with stratifications of contact setting and epidemic
period. See eAppendix 5 in Supplement 1 for details.

We quantified the transmissibility of BA.5.2 variants by the secondary attack rate,8,16 which was
calculated by dividing the number of infections by the total number of close contacts. Individuals
with infections who were associated with zero secondary infections and the close contacts of these
individuals were excluded from estimating the secondary attack rate. We also considered the
individual reproduction number, defined as the expected number of infections spread by 1 individual
with an infection, by calculating the mean number of secondary infections associated with primary
infections.21,22 The proportion of supercritical transmission is defined by the ratio at which the
individual reproduction number is greater than 1,22-24 and this was measured by the proportion of
individuals who spread infections who were associated with more than 1 offspring infection.

Most individuals with SARS-CoV-2 infections in this study (980 of 1139 individuals [86.0%])
received at least 2 doses of vaccine. Thus, we excluded any individual who spread an infection who
received fewer than 2 doses of vaccine and their contacts and focused on the VE of 3 doses vs 2
doses (reference level). The odds ratio (OR) of transmission by vaccine status was estimated using
logistic regression models. We calculated VE as (1 − OR) × 100% when the OR was 1 or lower or as
−(1 − [1 / OR]) × 100% when the OR was greater than 1.25-27 The VE against transmission was also
named as VE against infectivity or infectiousness in some studies and may be interpreted as the
reduction in transmission risk from a primary to secondary infection. Potential confounding variables,
including sex, age of individuals who spread infections and close contacts, contact setting, vaccine
status of close contacts, and calendar date of contact with the individual with the primary infection
for each contact, were adjusted in the multivariate model. Adjustment for numerical confounding
variables was carried out using the spline function to capture possible nonlinear associations.
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Subgroup analyses were performed with stratifications, including age, sex, time delay since last dose
of vaccine, symptom status, and contact setting. VE estimates were summarized as the median and
95% CrI of converged posterior distributions.

All statistical analyses were performed with R statistical software version 4.1.3 (R Project for
Statistical Computing). Bayesian generalized linear regression models were fitted using the
package arm.28

Results

There were 51 323 close contacts who tested negative for COVID-19 (26 299 females [51.2%]; mean
[SD] age, 38.4 [16.0] years) of 1139 individuals with confirmed SARS-CoV-2 infections (630 females
[55.3%]; mean [SD] age, 37.4 [19.9] years). The daily number of SARS-CoV-2 infections increased
from 4 infections on August 7, reaching a peak of 120 infections on August 13 in Urumqi. Starting from
August 16, approximately 1 week after city lockdown, the number of daily infections gradually
decreased, to 8 infections on September 7. As of September 7, 2022, a total of 1139 individuals
infected with BA.5.2 variants were reported in Urumqi, including 23 individuals with imported
infections (2.0%), 1033 individuals with local asymptomatic infections (90.7%), and 83 individuals
with local symptomatic infections (7.3%) (Figure 2A). After the outbreak of the epidemic, local
government rapidly conducted a series of stringent PHSMs to control the spread of COVID-19. The
timeline and details of the public health responses in Urumqi are shown in Figure 2B.

Genomic sequencing from 11 individuals with BA.5.2 infections found a total of 62
nonsynonymous mutations29,30 (eFigure 1 in Supplement 1). Among these mutations, R203K and
G204R may be associated with increased viral RNA replication, load, or virulence.31 Among 17 amino
acid substitutions found in the receptor binding domain, N501Y and Y505H may be associated with
enhanced binding ability of the virus to hACE2 and thus increased viral infectivity31 (eAppendix 2 in
Supplement 1).

We analyzed 178 transmission pairs to estimate GI without adjusting for right truncation. We
obtained a mean of 2.8 days (95% CrI, 2.4-3.5 days) for GI, with an SD of 3.7 days (95% CrI, 3.0-4.8
days) (Figure 3A). The median GI was estimated at 1.4 days (95% CrI, 1.1-1.9 days), with a 95th
percentile of 10.4 days (95% CrI, 8.5-13.0 days). The mean GI estimate was longer in nonhousehold
settings than household settings (3.2 days [95% CrI, 2.6-4.0 days] vs 2.3 days [95% CrI, 1.7-3.3 days])
and shorter after the city lockdown compared with the period before lockdown (1.8 days [95% CrI,
1.4-2.4 days] vs 3.9 days [95% CrI, 3.0-5.1 days]). Using estimated GI distributions by epidemic period
and estimated exponential growth and decay rates (estimated from the epidemic curve; eAppendix
4 in Supplement 1), we estimated the reproduction number of BA.5.2 to be 3.42 (95% CrI, 3.25-3.45)
before the city lock down and 0.46 (95% CrI, 0.45-0.48) after the city lockdown. Additionally, we
estimated the GI after correcting for right truncation by using transmission pairs with known isolation
dates for the individuals spreading infections. After adjusting for truncation, the mean GI increased
to 4.3 days (95% CrI, 2.6-6.9 days) (eTable in Supplement 1). From 60 individuals with symptomatic
infections and known exposure times, the incubation period was estimated at 5.7 days (95% CrI,
4.8-6.6 days), with a 95th percentile of 12.8 days (95% CrI, 10.7-15.6 days) (Figure 3D). Individuals
with infections and sufficient information on the time of RT–PCR tests were included for the
estimation of the period from exposure to the start of the viral shedding period. The mean period
from exposure to the start of viral shedding estimated from 709 infections was 3.3 days (95% CrI,
3.0-3.6 days), with a 95th percentile of 8.9 days (95% CrI: 8.1-9.8 days) (Figure 3B). Individuals with
asymptomatic infections and individuals who were infected and aged 0 to 15 years had a longer mean
period from exposure to viral shedding period (eTable in Supplement 1). For the viral shedding
period, we obtained a mean of 6.7 days (95% CrI, 6.4-7.1 days), with a 95th percentile of 13.7 days
(95% CrI, 12.7-14.7 days), from 770 individuals with BA.5.2 infections (Figure 3C). Individuals with
infections who were asymptomatic and aged 16 to 65 years had longer mean viral shedding periods
(eTable in Supplement 1).
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Through contact tracing of each individual with an infection, 3040 and 48 746 close contacts
of 44 and 725 individuals with symptomatic and asymptomatic infections, respectively, were
identified. Of these 51 786 close contacts (including those who tested positive and negative), a total
of 1660 and 50 126 contacts were in household and nonhousehold settings, respectively. From 1139
contacts who tested positive, we identified a total of 463 transmission pairs of 236 individuals who
spread infections. The age-specific contact and transmission pattern for local infections differed
substantially. The most common transmissions occurred from individuals who were aged 5 to 9 years
who spread infections to contacts who were aged 10 to 44 years (eFigure 2 in Supplement 1),
whereas the frequency of close contacts was the highest between individuals aged 40 to 44 years
and 20 to 54 years (eFigure 3 in Supplement 1). Transmission patterns from the age-specific
transmission matrix were similar across the epidemic period and contact settings, with more
transmissions occurring from younger individuals (ie, those aged 0-15 years) to older individuals (ie,
those aged >65 years) (eFigure 2 in Supplement 1). However, the contact pattern differed between
household and nonhousehold settings, with a similar frequency of contacts across all age groups in

Figure 2. Epidemic Curve of SARS-CoV-2 Infections and Key Public Health Responses
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households but a higher number of close contacts between individuals of the same age in the middle
age groups (ie, those aged 16-65 years) in nonhousehold settings (eFigure 3 in Supplement 1).
Moreover, the contact pattern shifted to the left after the city lockdown; that is, contacts occurred
primarily between persons of similar, middle age before lockdown and primarily between younger
individuals who spread infections and older individuals after lockdown (eFigure 3 in Supplement 1).

A total of 51 786 close contacts were included in the analysis of the transmissibility of BA.5.2
variants (Table 1). The overall secondary attack rate was 0.9% (95% CrI, 0.8%-1.0%) in all contacts,
and the rate was highest in the household setting (14.7%; 95% CrI, 13.0%-16.5%). Among all age
groups, individuals who spread infections who were aged 0 to 15 years had a higher secondary attack
rate of 2.5% (95% CrI, 1.9%-3.1%); for individuals who spread infections aged older than 65 years,
the secondary attack rate was 2.2% (95% CrI, 1.5%-3.0%). Of 1139 index infections that were used to
calculate the individual reproduction number (IRN), we found that the mean of IRN was 0.6 (95%
CrI, 0.0-0.7), with and SD of 1.33. The IRN remained similar across stratifications, but the supercritical
transmission was higher for individuals who spread infections who were older than age 65 years
(20.8%; 95% CrI, 10.5%-35.0%).

In total, 47 311 close contacts of 683 individuals who spread infections were included for
estimating VE against the transmission of BA.5.2 (Table 2). Of close contacts, 6630 individuals
(14.0%) received 2 doses of vaccine and 40 681 individuals (86.0%) received 3 doses of vaccine. Of
individuals who spread infections, 157 individuals (23.0%) had 2 doses of vaccine and 526 individuals
(77.0%) had 3 doses of vaccine. The logistic regression model showed that the overall adjusted VE
against BA.5.2 transmission for the 3-dose vaccine compared with 2 doses was 28.9% (95% CrI,

Figure 3. Estimated Cumulative γ Distributions of Key Time Intervals for Omicron BA.5.2 Variant
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7.7%-45.2%). VE against transmission remained considerably high 15 to 90 days after individuals
received the third dose of vaccine (48.5%; 95% CrI, 23.9%-61.4%).

Discussion

SARS-CoV-2 Omicron variants have continually emerged. In this cohort study, we provided a
comprehensive analysis of the transmissibility, epidemiological characteristics, and inactivated VE
against transmission for the Omicron BA.5.2 subvariant. Our results suggested a higher infectivity for
BA.5.2 variants, as indicated by the shorter GI and period from exposure to the start of the viral
shedding period compared with other variant of concern and wild type strains.32,33 We further found
that a booster dose of COVID-19 vaccine was associated with considerable additional protection
against BA.5.2 transmission for individuals who received 2 doses. To our knowledge, this is the first
study characterizing the transmission dynamics of Omicron BA.5.2 variants, which may potentially
contribute to preparations for future outbreak control.

The exposure history of individuals who were infected was obtained by a detailed outbreak
investigation, which allowed us to provide robust estimations of the distributions of various key time
intervals characterizing transmission events. Our mean estimate of the GI without truncation for
BA.5.2 (2.8 days) was shorter than those for the previously circulating Alpha (4.7 days) and Delta
variants (5.5 days) obtained from a UK study32 but longer than that of the Omicron BA.1 variant (2.4
days) from a Hong Kong study conducted during the initial phase of the outbreak.11 Results from the
Hong Kong study may be associated with a small sample size and possible sampling bias; that is, a
shorter GI was more likely to be sampled during a growing phase of the outbreak.18,34 Given that our
data were collected from an entire epidemic wave, our results may not have such bias.34 Moreover,

Table 1. SAR, IRN, and SCT Summary

Stratification
Individuals spreading
infections, No.a

Contacts, No. Median (95% CrI)

Tested positive Total SAR, % IRNb SCT, %b

Overall 769 463 51 786 0.9 (0.8-1.0) 0.6 (0.0-0.7) 13.0 (10.7-15.6)

Sex

Male 313 218 18 711 1.2 (1.0-1.3) 0.7 (0.5-0.9) 14.4 (10.7-18.8)

Female 456 245 33 075 0.7 (0.7-0.8) 0.5 (0.4-0.7) 12.1 (9.2-15.4)

Age, y

0-15 102 66 2666 2.5 (1.9-3.1) 0.6 (0.4-0.9) 11.8 (6.2-19.7)

16-65 619 362 47 509 0.8 (0.7-0.8) 0.6 (0-0.7) 12.6 (10.1-15.5)

>65 48 35 1611 2.2 (1.5-3.0) 0.7 (0.5-1.1) 20.8 (10.5-35.0)

Symptom status

Symptomatic 44 25 3040 0.8 (0.5-1.2) 0.6 (0.4-0.8) 11.4 (3.8-24.6)

Asymptomatic 725 438 48 746 0.9 (0.8-1.0) 0.6 (0-0.7) 13.1 (10.7-15.8)

Vaccine doses, No.

0-1 79 45 3988 1.1 (0.8-1.5) 0.6 (0.4-0.9) 12.7 (6.2-22.1)

2 159 96 6917 1.4 (1.1-1.7) 0.6 (0.4-0.9) 10.1 (5.9-15.8)

3 531 322 40 881 0.8 (0.7-0.9) 0.6 (0-0.7) 13.9 (11.1-17.2)

Contact setting

Household 515 244 1660 14.7 (13.0-16.5) 0.5 (0.5-0.6) 10.7 (8.2-13.7)

Nonhousehold 714 219 50 126 0.4 (0.5-0.5) 0.3 (0.4-0.6) 5.6 (4.0-7.6)

Epidemic period

Before lockdown 317 209 36 562 0.6 (0.5-0.7) 0.6 (0.5-0.8) 15.1 (11.4-19.6)

After lockdown 452 115 15 224 0.8 (0.6-0.9) 0.6 (0.5-0.7) 11.5 (8.7-14.8)

Abbreviations: IRN, individual reproduction number; SAR, secondary attack rate; SCT,
supercritical transmission.
a This was the sample size of index infections among individuals with number of contacts

greater than 0, which was used to calculate SAR.

b For the calculation of IRN and SCT proportions, all 1139 SARS-CoV-2 infections were
involved because the number of offspring infections associated with each index
infection was known.

JAMA Network Open | Infectious Diseases Transmission and Vaccine Effectiveness Against Transmission of SARS-CoV-2 Omicron BA.5 Variants

JAMA Network Open. 2023;6(3):e235755. doi:10.1001/jamanetworkopen.2023.5755 (Reprinted) March 30, 2023 9/14

Downloaded From: https://jamanetwork.com/ by Oscar Bottasso on 04/03/2023



we obtained right truncation–adjusted GI estimates, which approached the intrinsic GI.32

Additionally, we found that the mean GI was shorter in household settings than nonhousehold
settings, which could be associated with the depletion of susceptible individuals within households
(ie, a decreased potential for observing a longer GI).32 Our mean incubation period estimates were
longer than previous estimates for BA.1 (3.2-4.6 days)3 and BA.2 (4.4 days).11 Given that SARS-CoV-2
variants continue to evolve, with changing transmissibility and characteristics, characterizing
transmission dynamics of novel variants may be crucial for understanding virus transmission
potential and promoting public awareness and preparedness for future outbreaks.

Our mean estimates of the incubation period were greater than that of the period from
exposure to the start of the viral shedding period, which suggested a certain proportion of
presymptomatic transmission of BA.5.2 variants. In many countries, quarantine and isolation have
often been effective control measures during an outbreak. The duration of isolation and quarantine
was usually determined by the upper bound of the incubation period distribution (ie, the 95th
percentile).35 Nonetheless, if RT–PCR tests were conducted regularly during quarantine, the period
from exposure to viral shedding period could be more applicable to define the quarantine period, and
our findings suggested that testing on the tenth day of quarantine may detect more than 95% of
individuals infected before quarantine (95th percentile for the period from exposure to the start of
viral shedding: 8.9 days). To date, we are not aware of studies estimating the viral shedding period for
Omicron variants, and our mean estimates for BA.5.2 were shorter than those in a previous study on
the wild type strain,36 possibly associated with the high coverage of vaccination locally.

Table 2. VE of 3-Dose Inactivated Vaccine vs 2-Dose Vaccine

Characteristic

Close contacts, No. (%) VE (95% CrI)
Individuals spreading infection
with 2 doses [reference]

Individuals spreading infection
with 3 doses

Crude Adjusteda
Contact tested
positive

Contact tested
negative

Contact tested
positive

Contact tested
negative

Overall 94 (1.4) 6536 (98.6) 321 (0.8) 40 360 (99.2) 44.7 (30.3 to 56.1) 28.9 (7.7 to 45.2)

Sex of individual spreading
infection

Male 54 (1.6) 3666 (98.4) 138 (1.0) 13 439 (99.0) 30.3 (4.3 to 49.2) 28.4 (−4.9 to 51.3)

Female 40 (1.4) 2870 (98.6) 183 (0.7) 26 921 (99.3) 51.2 (31.2 to 65.4) 18.4 (−15.9 to 44.1)

Age of individual spreading
infection, y

0-15 54 (2.5) 2077 (97.5) 0 0 NAb NAb

16-65 31 (0.8) 3988 (99.2) 302 (0.8) 39 716 (99.2) 2.2 (−29.3 to 67.5) 3.3 (−32.9 to 29.8)

>65 9 (1.9) 471 (98.1) 19 (2.9) 644 (97.1) −35.2 (−70.9 to 30.8) −34.0 (−70.7 to −32.7)

Time since last vaccine dose
for individual spreading
infection, d

15-90 3 (1.3) 222 (98.7) 13 (1.1) 1225 (98.9) 21.5 (−64.0 to 77.8) 48.5 (23.9 to 61.4)

91-180 9 (1.0) 862 (99.0) 46 (0.9) 5138 (99.1) 14.3 (−43.1 to 58.2) 13.2 (−44.7 to 58.3)

≥180 82 (1.5) 5452 (98.5) 262 (0.8) 33 997 (99.2) 48.8 (34.2 to 60.1) 19.7 (−4.4 to 38.3)

Symptom status of individual
spreading infection

Symptomatic 8 (0.5) 1668 (99.5) 8 (1.0) 802 (99.0) −51.9 (−82.0 to 22.3) −32.0 (−89.4 to 77.1)

Asymptomatic 86 (1.7) 4868 (98.3) 313 (0.8) 39 558 (99.2) 55.2 (43.0 to 64.8) 34.9 (15.1 to 50.1)

Contact setting

Household 62 (19.1) 267 (80.9) 154 (13.4) 990 (86.6) 33.0 (7.3 to 51.6) 39.1 (12.7 to 57.5)

Nonhousehold 32 (0.5) 6269 (99.5) 167 (0.4) 39 370 (99.6) 16.9 (−17.6 to 43.1) 8.1 (−27.5 to 38.8)

Abbreviations: CrI, credible interval; NA, not applicable; VE, vaccine effectiveness.
a Variables adjusted in the model were sex, age of individuals who spread the infection

and got infected, last exposed calendar date of contacts, importation status of
individual spreading the infection, contact setting, and vaccine status of individual
getting infected.

b These estimates were not calculated owing to insufficient sample size, which led to
noninformatively wide 95% CrIs.
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Although the age-specific contact matrix demonstrated that younger individuals who spread
infections had fewer close contacts than older individuals, younger individuals who spread infections
were associated with more infections than older individuals who spread infections, as shown in the
transmission matrix. Similarly, we observed a higher secondary attack rate for individuals who spread
infections who were aged 0 to 15 years than for other age groups. These phenomena may be
associated with lower vaccination coverage in younger individuals compared with other age groups
in Urumqi and even the entire country. The overall secondary attack rate for BA.5.2 was lower than
that for the Delta variant reported by a previous study conducted in Guangzhou, China,8 and the
secondary attack rate in household setting for BA.5.2 was lower than that for BA.1 and BA.2 from a
Danish household study.4 The relatively lower secondary attack rates for BA.5.2 could be associated
with the higher vaccine coverage in the study population. After city lockdown, the contact matrix
shifted to the left, which was possibly associated with more people staying at home so that close
contacts among individuals of the same age groups decreased (eg, at the workplace or in social
activities).

While there have been many studies evaluating VE against infection and hospitalization,13,37-40

few studies have investigated VE against transmission.8,41 The third dose of inactivated vaccine was
associated with protection against transmission of the BA.5.2 variant. An increase in VE against
transmission of BA.5.2 was found for individuals who received 3 doses of vaccines compared with 2
doses. The VE remained high between 15 and 90 days after the last dose of vaccine, although it
decreased dramatically 90 days after the last dose. Although serological analysis was not reported in
this study, our results may benefit from laboratory measurement of immune response induced by
COVID-19 vaccines (eg, concentration of antibodies and neutralizing titers), which may be needed in
further investigations.

Limitations
Our study has several limitations. First, because our estimated epidemiological characteristics relied
on epidemiological contact-tracing data, it is expected that any degree of recall bias and infection
underreporting during contact tracing may affect the accuracy of identified transmission pairs and
thus bias our GI estimates. Second, because the local population in Urumqi was vaccinated with
inactivated vaccine, our result for VE may not be generalizable to other types of vaccine, such as
mRNA vaccines. Third, before August 2022, no large-scale COVID-19 outbreak had occurred in
Urumqi, and thus we ignored the scenario of reinfection among individuals in this study. Fourth,
given that most SARS-CoV-2 infections in this study were asymptomatic (90.7%), some of our
findings may not be extendable to individuals who are infected with severe clinical conditions. Fifth,
the dominant strain during this COVID-19 outbreak was determined by genetic sequencing results
of specimens collected among 11 randomly selected SARS-CoV-2 infections in the first week of the
outbreak, and this sampling fraction for genetic sequencing was low. However, we consider that the
studied outbreak was seeded by Omicron BA.5 according to background knowledge of circulating
strains from public platforms of genetic data and the close population situation during the city
lockdown period in Urumqi. Sixth, among the general population in Urumqi, a small proportion of
individuals who were infected received 0 or 1 dose of vaccine (86.0% of individuals received at least
2 doses of vaccine), and most of these individuals were ineligible for receiving a COVID-19 vaccine
due to existing medical conditions. Thus, we considered individuals who were infected and received
2 doses of inactivated vaccine as the reference group in analyses of VE.

Conclusions

Findings in this cohort study of individuals with SARS-CoV-2 infections and their close contacts
suggested that despite active contact tracing, timely isolation of individuals who were infected,
intensive control measures, and high vaccine coverage in Urumqi, Omicron BA.5 variants had high
risks of transmission in household settings and younger and older individuals. An evident protective
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outcome against Omicron BA.5 variant transmission was associated with booster doses of
inactivated vaccine (mainly BBIBP-CorV). VE estimates may be important contributions to informing
vaccination policy in locations where coverage for a third dose of vaccine remains low or inactivated
vaccines were in use. Thus, it is important to assess vaccine performance against emerging genetic
variants of SARS-CoV-2 as they evolve regardless of background vaccine coverage.

ARTICLE INFORMATION
Accepted for Publication: February 8, 2023.

Published: March 30, 2023. doi:10.1001/jamanetworkopen.2023.5755

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2023 Wang K
et al. JAMA Network Open.

Corresponding Authors: Shi Zhao, PhD, Department of Epidemiology and Biostatistics, School of Public Health,
Capital Medical University, No. 10 Xitoutiao You'anmenWai, Fengtai District, Beijing 100069, China (zhaoshi.cmsa
@gmail.com); Yaoqin Lu, PhD, Urumqi Center for Disease Control and Prevention, No. 18 Xiamen Rd., Xinshi
District, Urumqi 830026, China (lyq_superior@163.com).

Author Affiliations: State Key Laboratory of Pathogenesis, Prevention, and Treatment of High Incidence Diseases
in Central Asia, Department of Medical Engineering and Technology, Xinjiang Medical University, Urumqi, China
(K. Wang, Zeng); Jockey Club School of Public Health and Primary Care, Chinese University of Hong Kong, Hong
Kong, China (Guo); School of Public Health, Xinjiang Medical University, Urumqi, China (Zeng, Luan, H. Li, Zhang,
Y. Wang, Yaoqin Lu); Department of Epidemiology and Biostatistics, School of Public Health, Capital Medical
University, Beijing, China (Sun, Zhao); Department of Cardiac Pacing and Electrophysiology, First Affiliated Hospital
of Xinjiang Medical University, Urumqi, China (Yanmei Lu); Urumqi Center for Disease Control and Prevention,
Urumqi, China (J. Wang, S. Li, Yaoqin Lu); Centre for Health Systems and Policy Research, Chinese University of
Hong Kong, Hong Kong, China (Zhao).

Author Contributions: Drs K. Wang and Yaoqin Lu had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis. Prof Wang, Mr Guo, and Miss Zeng
contributed equally and thus are joint first authors.

Concept and design: K. Wang, Yanmei Lu, Zhao.

Acquisition, analysis, or interpretation of data: K. Wang, Guo, Zeng, Sun, J. Wang, S. Li, Luan, H. Li, Zhang, Y. Wang,
Yaoqin Lu, Zhao.

Drafting of the manuscript: K. Wang, Zhao.

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: Guo, Zeng, Zhao.

Obtained funding: Zeng.

Administrative, technical, or material support: K. Wang, Zeng, Sun, Yanmei Lu, J. Wang, S. Li, Luan, H. Li, Zhang, Y.
Wang, Yaoqin Lu.

Supervision: Zhao.

Conflict of Interest Disclosures: None reported.

Funding/Support: This study was supported by grants 2021D01C268 from the Natural Science Foundation of
Xinjiang, 11961071 from the National Natural Science Foundation of China, and 2022TSYCXC from the Youth
Science and Technology Innovation Talent of Tianshan Talent Training Program in Xinjiang.

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 2.

REFERENCES
1. World Health Organization. WHO coronavirus (COVID-19) dashboard. Accessed February 20, 2023. https://
covid19.who.int/

2. Willett BJ, Grove J, MacLean OA, et al; PITCH Consortium; COVID-19 Genomics UK (COG-UK) Consortium.
SARS-CoV-2 Omicron is an immune escape variant with an altered cell entry pathway. Nat Microbiol. 2022;7(8):
1161-1179. doi:10.1038/s41564-022-01143-7

JAMA Network Open | Infectious Diseases Transmission and Vaccine Effectiveness Against Transmission of SARS-CoV-2 Omicron BA.5 Variants

JAMA Network Open. 2023;6(3):e235755. doi:10.1001/jamanetworkopen.2023.5755 (Reprinted) March 30, 2023 12/14

Downloaded From: https://jamanetwork.com/ by Oscar Bottasso on 04/03/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.5755&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5755
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5755
mailto:zhaoshi.cmsa@gmail.com
mailto:zhaoshi.cmsa@gmail.com
mailto:lyq_superior@163.com
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.5755&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5755
https://covid19.who.int/
https://covid19.who.int/
https://dx.doi.org/10.1038/s41564-022-01143-7


3. Backer JA, Eggink D, Andeweg SP, et al. Shorter serial intervals in SARS-CoV-2 cases with Omicron BA.1 variant
compared with Delta variant, the Netherlands, 13 to 26 December 2021. Euro Surveill. 2022;27(6):5. doi:10.2807/
1560-7917.ES.2022.27.6.2200042

4. Lyngse FP, Kirkeby CT, Denwood M, et al. Transmission of SARS-CoV-2 Omicron VOC subvariants BA.1 and BA.2:
evidence from Danish households. medRxiv. 2022. Preprint posted online January 30, 2022. doi:10.1101/2022.01.
28.22270044

5. Hachmann NP, Miller J, Collier AY, et al. Neutralization escape by SARS-CoV-2 Omicron subvariants BA.2.12.1,
BA.4, and BA.5. N Engl J Med. 2022;387(1):86-88. doi:10.1056/NEJMc2206576

6. Zhou Y, Zhi H, Teng Y. The outbreak of SARS-CoV-2 Omicron lineages, immune escape, and vaccine effectivity.
J Med Virol. 2023;95(1):e28138. doi:10.1002/jmv.28138

7. World Health Organization. Weekly epidemiological update on COVID-19—21 September 2022. Accessed
February 20, 2023. https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---21-
september-2022

8. Kang M, Xin H, Yuan J, et al. Transmission dynamics and epidemiological characteristics of SARS-CoV-2 Delta
variant infections in Guangdong, China, May to June 2021. Euro Surveill. 2022;27(10):2100815. doi:10.2807/1560-
7917.ES.2022.27.10.2100815

9. Ganyani T, Kremer C, Chen D, et al. Estimating the generation interval for coronavirus disease (COVID-19) based on
symptom onset data, March 2020. Euro Surveill. 2020;25(17):12-19. doi:10.2807/1560-7917.ES.2020.25.17.2000257

10. Tegally H, Moir M, Everatt J, et al; NGS-SA consortium. Emergence of SARS-CoV-2 Omicron lineages BA.4 and
BA.5 in South Africa. Nat Med. 2022;28(9):1785-1790. doi:10.1038/s41591-022-01911-2

11. Mefsin YM, Chen D, Bond HS, et al. Epidemiology of Infections with SARS-CoV-2 Omicron BA.2 Variant, Hong
Kong, January-March 2022. Emerg Infect Dis. 2022;28(9):1856-1858. doi:10.3201/eid2809.220613

12. Kislaya I, Casaca P, Borges V, et al. Comparative COVID-19 vaccines effectiveness in preventing infections,
hospitalizations, and deaths with SARS-CoV-2 BA.5 and Ba.2 Omicron lineages: a case-case and cohort study using
electronic health records in Portugal. Preprints with The Lancet. Preprint posted online August 3, 2022. doi:10.2139/
ssrn.4180482

13. Collie S, Nayager J, Bamford L, Bekker LG, Zylstra M, Gray G. Effectiveness and durability of the BNT162b2 vaccine
against Omicron sublineages in South Africa. N Engl J Med. 2022;387(14):1332-1333. doi:10.1056/NEJMc2210093

14. Kirsebom FCM, Andrews N, Stowe J, Ramsay M, Lopez Bernal J. Effectiveness of the COVID-19 vaccines against
severe disease with Omicron sub-lineages BA.4 and BA.5 in England. medRxiv. Preprint posted online September
1, 2022. doi:10.1101/2022.08.31.22279444

15. de Gier B, Andeweg S, Joosten R, et al; RIVM COVID-19 surveillance and epidemiology team 1; Members of the
RIVM COVID-19 surveillance and epidemiology team. Vaccine effectiveness against SARS-CoV-2 transmission and
infections among household and other close contacts of confirmed cases, the Netherlands, February to May 2021.
Euro Surveill. 2021;26(31):7. doi:10.2807/1560-7917.ES.2021.26.31.2100640

16. Madewell ZJ, Yang Y, Longini IM Jr, Halloran ME, Dean NE. Household secondary attack rates of SARS-CoV-2 by
variant and vaccination status: an updated systematic review and meta-analysis. JAMA Netw Open. 2022;5(4):
e229317. doi:10.1001/jamanetworkopen.2022.9317

17. Hu S, Wang W, Wang Y, et al. Infectivity, susceptibility, and risk factors associated with SARS-CoV-2 transmission
under intensive contact tracing in Hunan, China. Nat Commun. 2021;12(1):1533. doi:10.1038/s41467-021-21710-6

18. Nishiura H, Linton NM, Akhmetzhanov AR. Serial interval of novel coronavirus (COVID-19) infections. Int J
Infect Dis. 2020;93:284-286. doi:10.1016/j.ijid.2020.02.060

19. Wallinga J, Lipsitch M. How generation intervals shape the relationship between growth rates and
reproductive numbers. Proc Biol Sci. 2007;274(1609):599-604. doi:10.1098/rspb.2006.3754

20. Lau YC, Tsang TK, Kennedy-Shaffer L, et al. Joint estimation of generation time and incubation period for
coronavirus disease 2019. J Infect Dis. 2021;224(10):1664-1671. doi:10.1093/infdis/jiab424

21. Fraser C. Estimating individual and household reproduction numbers in an emerging epidemic. PLoS One.
2007;2(8):e758. doi:10.1371/journal.pone.0000758

22. Zhao S, Chong MKC, Ryu S, et al. Characterizing superspreading potential of infectious disease: decomposition
of individual transmissibility. PLoS Comput Biol. 2022;18(6):e1010281. doi:10.1371/journal.pcbi.1010281

23. Nishiura H, Yan P, Sleeman CK, Mode CJ. Estimating the transmission potential of supercritical processes based
on the final size distribution of minor outbreaks. J Theor Biol. 2012;294:48-55. doi:10.1016/j.jtbi.2011.10.039

24. Blumberg S, Lloyd-Smith JO. Inference of R(0) and transmission heterogeneity from the size distribution of
stuttering chains. PLoS Comput Biol. 2013;9(5):e1002993. doi:10.1371/journal.pcbi.1002993

JAMA Network Open | Infectious Diseases Transmission and Vaccine Effectiveness Against Transmission of SARS-CoV-2 Omicron BA.5 Variants

JAMA Network Open. 2023;6(3):e235755. doi:10.1001/jamanetworkopen.2023.5755 (Reprinted) March 30, 2023 13/14

Downloaded From: https://jamanetwork.com/ by Oscar Bottasso on 04/03/2023

https://dx.doi.org/10.2807/1560-7917.ES.2022.27.6.2200042
https://dx.doi.org/10.2807/1560-7917.ES.2022.27.6.2200042
https://dx.doi.org/10.1101/2022.01.28.22270044
https://dx.doi.org/10.1101/2022.01.28.22270044
https://dx.doi.org/10.1056/NEJMc2206576
https://dx.doi.org/10.1002/jmv.28138
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---21-september-2022
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---21-september-2022
https://dx.doi.org/10.2807/1560-7917.ES.2022.27.10.2100815
https://dx.doi.org/10.2807/1560-7917.ES.2022.27.10.2100815
https://dx.doi.org/10.2807/1560-7917.ES.2020.25.17.2000257
https://dx.doi.org/10.1038/s41591-022-01911-2
https://dx.doi.org/10.3201/eid2809.220613
https://dx.doi.org/10.2139/ssrn.4180482
https://dx.doi.org/10.2139/ssrn.4180482
https://dx.doi.org/10.1056/NEJMc2210093
https://dx.doi.org/10.1101/2022.08.31.22279444
https://dx.doi.org/10.2807/1560-7917.ES.2021.26.31.2100640
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.9317&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.5755
https://dx.doi.org/10.1038/s41467-021-21710-6
https://dx.doi.org/10.1016/j.ijid.2020.02.060
https://dx.doi.org/10.1098/rspb.2006.3754
https://dx.doi.org/10.1093/infdis/jiab424
https://dx.doi.org/10.1371/journal.pone.0000758
https://dx.doi.org/10.1371/journal.pcbi.1010281
https://dx.doi.org/10.1016/j.jtbi.2011.10.039
https://dx.doi.org/10.1371/journal.pcbi.1002993


25. Jackson ML, Nelson JC. The test-negative design for estimating influenza vaccine effectiveness. Vaccine.
2013;31(17):2165-2168. doi:10.1016/j.vaccine.2013.02.053

26. Bond HS, Sullivan SG, Cowling BJ. Regression approaches in the test-negative study design for assessment of
influenza vaccine effectiveness. Epidemiol Infect. 2016;144(8):1601-1611. doi:10.1017/S095026881500309X

27. Cowling BJ, Perera RA, Fang VJ, et al. Incidence of influenza virus infections in children in Hong Kong in a 3-year
randomized placebo-controlled vaccine study, 2009-2012. Clin Infect Dis. 2014;59(4):517-524. doi:10.1093/cid/
ciu356

28. Gelman A, Hill J. Data Analysis Using Regression and Multilevel/Hierarchical Models. Cambridge University
Press; 2006. doi:10.1017/CBO9780511790942

29. Gu H, Krishnan P, Ng DYM, et al. Probable transmission of SARS-CoV-2 Omicron variant in quarantine hotel,
Hong Kong, China, November 2021. Emerg Infect Dis. 2022;28(2):460-462. doi:10.3201/eid2802.212422

30. Gu H, Ng DYM, Liu GYZ, et al. Recombinant BA.1/BA.2 SARS-CoV-2 virus in arriving travelers, Hong Kong,
February 2022. Emerg Infect Dis. 2022;28(6):1276-1278. doi:10.3201/eid2806.220523

31. Qin S, Cui M, Sun S, et al. Genome characterization and potential risk assessment of the novel SARS-CoV-2
variant Omicron (B.1.1.529). Zoonotic Dis. 2021;1(1). doi:10.15212/ZOONOSES-2021-0024

32. Hart WS, Miller E, Andrews NJ, et al. Generation time of the Alpha and Delta SARS-CoV-2 variants: an
epidemiological analysis. Lancet Infect Dis. 2022;22(5):603-610. doi:10.1016/S1473-3099(22)00001-9

33. Xin H, Li Y, Wu P, et al. Estimating the latent period of coronavirus disease 2019 (COVID-19). Clin Infect Dis.
2022;74(9):1678-1681. doi:10.1093/cid/ciab746

34. Park SW, Sun K, Champredon D, et al. Forward-looking serial intervals correctly link epidemic growth to
reproduction numbers. Proc Natl Acad Sci U S A. 2021;118(2):12. doi:10.1073/pnas.2011548118

35. Johansson MA, Wolford H, Paul P, et al. Reducing travel-related SARS-CoV-2 transmission with layered mitigation
measures: symptom monitoring, quarantine, and testing. BMC Med. 2021;19(1):94. doi:10.1186/s12916-021-01975-w

36. Byrne AW, McEvoy D, Collins AB, et al. Inferred duration of infectious period of SARS-CoV-2: rapid scoping
review and analysis of available evidence for asymptomatic and symptomatic COVID-19 cases. BMJ Open. 2020;
10(8):e039856. doi:10.1136/bmjopen-2020-039856

37. Tseng HF, Ackerson BK, Luo Y, et al. Effectiveness of mRNA-1273 against SARS-CoV-2 Omicron and Delta
variants. Nat Med. 2022;28(5):1063-1071. doi:10.1038/s41591-022-01753-y

38. Rosenberg ES, Dorabawila V, Easton D, et al. COVID-19 vaccine effectiveness in New York state. N Engl J Med.
2022;386(2):116-127. doi:10.1056/NEJMoa2116063

39. Andrews N, Stowe J, Kirsebom F, et al. Effectiveness of COVID-19 booster vaccines against COVID-19-related
symptoms, hospitalization and death in England. Nat Med. 2022;28(4):831-837. doi:10.1038/s41591-022-01699-1

40. Andrews N, Stowe J, Kirsebom F, et al. COVID-19 vaccine effectiveness against the Omicron (B.1.1.529) variant.
N Engl J Med. 2022;386(16):1532-1546. doi:10.1056/NEJMoa2119451

41. de Gier B, Andeweg S, Backer JA, et al; RIVM COVID-19 surveillance and epidemiology team; RIVM COVID-19
surveillance and epidemiology team (in addition to the named authors). Vaccine effectiveness against SARS-CoV-2
transmission to household contacts during dominance of Delta variant (B.1.617.2), the Netherlands, August to
September 2021. Euro Surveill. 2021;26(44):5. doi:10.2807/1560-7917.ES.2021.26.44.2100977

SUPPLEMENT 1.
eAppendix 1. Definitions of SARS-CoV-2 Infections, Close Contacts, and Transmission Pairs
eAppendix 2. Confirmation of Genetic Sequence
eFigure 1. Key Amino Acid Substitutions in Genetic Sequence Samples From 11 Individuals With COVID-19
eAppendix 3. Key Time Intervals of Transmission
eTable. Estimated Mean, SD, Median, and 95th Percentile of Key Time Intervals for Transmission of SARS-CoV-2
Omicron BA.5.2 Variants
eAppendix 4. Epidemic Growth and Reproduction Number
eAppendix 5. Contact Matrix and Mean Number of Offspring Infections by Age of Individuals Spreading and
Receiving Infection
eFigure 2. Who Acquires Infection From Whom Matrix Between Source and Offspring Infections
eFigure 3. Contact Matrix Between Individuals Who Were Sources of Infections and Their Close Contacts
eReferences.

SUPPLEMENT 2.
Data Sharing Statement

JAMA Network Open | Infectious Diseases Transmission and Vaccine Effectiveness Against Transmission of SARS-CoV-2 Omicron BA.5 Variants

JAMA Network Open. 2023;6(3):e235755. doi:10.1001/jamanetworkopen.2023.5755 (Reprinted) March 30, 2023 14/14

Downloaded From: https://jamanetwork.com/ by Oscar Bottasso on 04/03/2023

https://dx.doi.org/10.1016/j.vaccine.2013.02.053
https://dx.doi.org/10.1017/S095026881500309X
https://dx.doi.org/10.1093/cid/ciu356
https://dx.doi.org/10.1093/cid/ciu356
https://dx.doi.org/10.1017/CBO9780511790942
https://dx.doi.org/10.3201/eid2802.212422
https://dx.doi.org/10.3201/eid2806.220523
https://dx.doi.org/10.15212/ZOONOSES-2021-0024
https://dx.doi.org/10.1016/S1473-3099(22)00001-9
https://dx.doi.org/10.1093/cid/ciab746
https://dx.doi.org/10.1073/pnas.2011548118
https://dx.doi.org/10.1186/s12916-021-01975-w
https://dx.doi.org/10.1136/bmjopen-2020-039856
https://dx.doi.org/10.1038/s41591-022-01753-y
https://dx.doi.org/10.1056/NEJMoa2116063
https://dx.doi.org/10.1038/s41591-022-01699-1
https://dx.doi.org/10.1056/NEJMoa2119451
https://dx.doi.org/10.2807/1560-7917.ES.2021.26.44.2100977

