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variant: a retrospective cohort
study in Shenzhen, China
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and Xiaofeng He5*

1Office of Emergency, Shenzhen Center for Disease Control and Prevention, Shenzhen, China,
2Department of Biochemistry, Changzhi Medical College, Changzhi, China, 3Department of Infectious
Disease, Heping Hospital Affiliated to Changzhi Medical College, Changzhi, China, 4Class of 2002 of
the Department of Preventive Medicine, Changzhi Medical College, Changzhi, China, 5Institute of
Evidence-Based Medicine, Heping Hospital Affiliated to Changzhi Medical College, Changzhi, China
Little studies evaluated the effectiveness of booster vaccination of inactivated

COVID-19 vaccines against being infected (susceptibility), infecting others

(infectiousness), and spreading the disease from one to another (transmission).

Therefore, we conducted a retrospective cohort study to evaluate the

effectiveness of booster vaccination of inactivated COVID-19 vaccines against

susceptibility, infectiousness, and transmission in Shenzhen during an Omicron

BA.2 outbreak period from 1 February to 21 April 2022. The eligible individuals

were classified as four sub-cohorts according to the inactivated COVID-19

vaccination status of both the close contacts and their index cases: group 2-2,

fully vaccinated close contacts seeded by fully vaccinated index cases (reference

group); group 2-3, booster-vaccinated close contacts seeded by fully vaccinated

index cases; group 3-2, fully vaccinated close contacts seeded by booster-

vaccinated index cases; and group 3-3, booster-vaccinated close contacts

seeded by booster-vaccinated index cases. Univariate and multivariate logistic

regression analyses were applied to estimate the effectiveness of booster

vaccination. The sample sizes of groups 2-2, 2-3, 3-2, and 3-3 were 846, 1,115,

1,210, and 2,417, respectively. We found that booster vaccination had an

effectiveness against infectiousness of 44.9% (95% CI: 19.7%, 62.2%) for the

adults ≥ 18 years, 62.2% (95% CI: 32.0%, 78.9%) for the female close contacts, and

60.8% (95% CI: 38.5%, 75.1%) for the non-household close contacts. Moreover,

booster vaccination had an effectiveness against transmission of 29.0% (95% CI:

3.2%, 47.9%) for the adults ≥ 18 years, 38.9% (95% CI: 3.3%, 61.3%) for the female

close contacts, and 45.8% (95% CI: 22.1%, 62.3%) for the non-household close

contacts. However, booster vaccination against susceptibility did not provide any

protective effect. In summary, this study confirm that booster vaccination of the
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inactivated COVID-19 vaccines provides low level of protection and moderate

level of protection against Omicron BA.2 transmission and infectiousness,

respectively. However, booster vaccination does not provide any protection

against Omicron BA.2 susceptibility.
KEYWORDS

COVID-19, vaccine effectiveness, BA.2 subvariant, susceptibility, infectiousness, transmission
Introduction

In December 2019, an emerging infectious disease named

coronavirus disease 2019 (COVID-19) caused by severe acute

respiratory syndrome (SARS-CoV-2) virus was first found in

Wuhan, China, and then, this virus is widespread all over the

world and it has existed for nearly four years (1–3). Moreover,

SARS-CoV-2 is constantly undergoing various variants, which have

been categorized as variants of concern, variants of interest, and

variants under monitoring by World Health Organization (WHO)

(4). Variants of concern mainly involved Alpha, Beta, Gamma,

Delta, and Omicron (4). The Omicron (B.1.1.529) variant was first

identified in South Africa on November 24, 2021 and it quickly

removed of all other strains and became the dominant strain

worldwide because it had stronger transmissibility and immune

escape ability (5–8).

COVID-19 vaccination is still regarded as one of the most

effective methods for achieving herd immunity to control the

disease and as an indispensable part of the long-term

management of SARS-CoV-2 pandemic (9–12). COVID-19

vaccines mainly included inactivated virus vaccines (CoronaVac,

WIV04, HB02, and BBV152), protein subunit vaccines (NVX-

CoV2373 and SCB-2019), RNA-based vaccines (BNT162b2 and

mRNA-1273), and Viral vector (non-replicating) vaccines

(AZD1222 [ChAdOx1 nCoV-19], Sputnik V, Ad26.COV2.S, and

Ad5-nCoV) (13). Large-scale phase III randomized clinical trials

(RCTs) indicated that the full vaccination of the above COVID-19

vaccines had good protective effect against symptomatic COVID-

19, especially severe COVID-19, COVID-19-related hospitalization,

and COVID-19-related death (14–23). However, the results of

RCTs concerning the COVID-19 vaccines efficacy were reported

before the pandemic of the Omicron variant. It is an essential

complement applying real-world data to evaluate the COVID-19

vaccines effectiveness (VE) because real-world studies have a larger

and wider range of population and consider various background

factors beyond the experimental conditions (24–28).

Although primary series of COVID-19 vaccines had adequate

protective effect against symptomatic COVID-19, especially severe

COVID-19 (13). However, the VE was rapidly waning over time

(29). Therefore, many countries launched a campaign of booster

vaccination by applying either homologous or heterologous
02
COVID-19 vaccines. Booster vaccination was usual ly

administered as a third dose when at least five-six months after

full vaccination of COVID-19 vaccines. Currently, most real-

world studies mainly assessed the effectiveness of COVID-19

booster vaccination of two mRNA vaccines against different

outcomes of Omicron infection (13). In mainland China, since

early 2021, two inactivated COVID-19 vaccines (HB02

[Sinopharm] and CoronaVac [Sinovac]) were most frequently

used. Although several studies have assessed the effectiveness of

booster vaccination of inactivated COVID-19 vaccines made in

China against different outcomes of Omicron BA.2 infection (30–

35). However, their studies (30–35) have only focused on the VE

in preventing being infected or severe COVID-19. To our

knowledge, evaluating the effectiveness of a vaccine includes

both measure indicators: preventing infection and preventing

infecting others. VE in preventing infection is the most

common and basic indicator. In this study, this measure

indicator is specifically defined as VE against susceptibility,

which refers to the extent to which the vaccine decreasing

secondary infection. It is a new concept on the VE in preventing

infecting others, which has only attracted attention in recent years

(36–38). VE against infectiousness was also named as VE against

infectivity in some studies and may be interpreted as the reduction

in transmission risk from a primary to secondary infection, which

refers to the extent to which the vaccine reduces infectivity among

individuals already infected. Moreover, vaccination can prevent

transmission by providing protection against infection and

simultaneously decreasing the infectivity of vaccinated

individuals who become infected. Therefore, VE against

transmission is defined as the combination of VE against

susceptibility and VE against infectiousness in this study, which

refers to the vaccine’s ability to break the chain of virus

transmission and interrupt community spread.

We conducted a retrospective cohort study to assess the

effectiveness of booster vaccination of inactivated COVID-19

vaccines against be infected (susceptibility), infecting others

(infectiousness), and disease transmission among individuals

(transmission) in Shenzhen during an Omicron BA.2 outbreak

period from 1 February to 21 April 2022. Of note, the inactivated

COVID-19 vaccines used were the initial SARS-CoV-2 strain

vaccines in this study.
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1359380
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Liao et al. 10.3389/fimmu.2024.1359380
Methods

Study setting

This article was reported applying the S1 STROBE Checklist.

With an Omicron BA.2 sub-lineage outbreak background in

Shenzhen, Guangdong, China, reported the first COVID-19 case

on February 1, 2022 and reached a peak of infections on March 15,

2022. On the basis of the “zero COVID-19” policy, the local

government quickly took a series of control measures mainly

including massive nucleic acid testing, contact tracing, isolation of

COVID-19 cases, and quarantine of close contacts. Therefore, this

major epidemic was controlled on April 21, 2022.
Study design and participants

This retrospective cohort study was conducted to analyze the

close contacts of all confirmed COVID-19 cases by reverse

transcription polymerase chain reaction (RT-PCR) tests in

Shenzhen, China from February 1 to April 21, 2022. Close

contacts referred to the individuals who were in the same

exposure settings within close proximity without any effective

protection as COVID-19 cases or SARS-CoV-2 positive

asymptomatic infections two days before. In this study,

individuals at risk of exposure were regarded as close contacts of

confirmed cases. Contact tracing measures were conducted by

Shenzhen Center for Disease Control and Prevention allows for

matching the close contacts with their index cases. All the close

contacts were traced, compulsorily quarantined, and tested every 2-

3 days by RT-PCR tests for SARS-CoV-2 to monitor whether they

were infected with SARS-CoV-2. All the secondary SARS-CoV-2

infections were the close contacts of their index cases before they

became infected. Notably, all the secondary SARS-CoV-2 infections

and uninfected close contacts made up a cohort together. For

individuals with BA.2 sub-lineage infection, we extracted data,

which mainly included age, sex, history of exposure, contact

setting (i.e., household and non- household settings), onset date

of clinical symptoms, first positive test date, and history of COVID-

19 vaccination. Those close contacts who eventually tested positive

for COVID-19 were treated as infected individuals (infectees) and

their index cases (who were originally confirmed to have COVID-

19) as infectors. Of note, close contacts became index cases when

testing positive, so this study may include some individuals both as

close contacts and as index cases. Furthermore, the matching

involved creating multiple pairs of index-exposed individuals in

this study. Overall, 8466 close contacts were matched with 644

index cases in the present study. Then, close contacts were excluded

if both the close contacts and their index cases received non-

inactivated COVID-19 vaccines or aged 0-17 years. Moreover,

close contacts were excluded if both the close contacts and their

index cases were unvaccinated, received partial vaccination, and

those who were infected or exposed within 14 days of their last

vaccination. The eligible individuals were classified as four sub-

cohorts according to the inactivated COVID-19 vaccination status

of both the close contacts and their index cases: fully vaccinated
Frontiers in Immunology 03
close contacts seeded by fully vaccinated index cases (group 2-2

[reference group]), booster-vaccinated close contacts seeded by fully

vaccinated index cases (group 2-3), fully vaccinated close contacts

seeded by booster-vaccinated index cases (group 3-2), and booster-

vaccinated close contacts seeded by booster-vaccinated index cases

(group 3-3).
Vaccination status and outcome

In this study, full vaccination and booster vaccination were

defined as ≥ 14 days after second-dose and third-dose vaccination

of inactivated COVID-19 vaccines, respectively. The primary

outcome was Omicron BA.2 infection within close contacts.
Statistical analyses

Baseline characteristics were analyzed using the number (%) for

categorical data. Differences in proportions were analyzed with the

chi-squared test. The secondary attack rate was calculated by

dividing the number of individuals with secondary infections by

the overall number of close contacts related to index cases.

In this study, we applied the odds ratio (OR) to evaluate the

association between the inactivated COVID-19 vaccination status

(i.e., four sub-cohorts) and the risk of Omicron BA.2 secondary

infection. The crude OR was calculated by applying a univariate

logistic regression analysis, and the adjusted OR (aOR) was

calculated using a multivariable ordinary logistic regression

analysis by adjusting for potential confounding variables,

including sex and age of close contacts and their index cases,

contact settings, and exposure to index cases before or after

symptom onset of the indexes. The crude or adjusted VE (aVE)

was calculated as (1−OR) × 100%, and the OR is the odds ratio for

the rate of secondary infection. In this study, the VE of booster

vaccination of inactivated COVID-19 vaccines against

susceptibility, infectiousness, and transmission were calculated

through group 2-3 versus group 2-2, group 3-2 versus group 2-2,

and group 3-3 versus group 2-2, respectively. Moreover, subgroup

analyses were conducted according to sex and contact setting. All

statistical analyses were conducted applying IBM SPSS

Statistics 25.0.
Results

General information of the close contacts

8,466 close contacts associated with index cases were identified

from February 1 to April 21, 2022. Among them, 1,052 individuals

were excluded because both these close contacts and their index

cases received non-inactivated COVID-19 vaccines or aged 0-17

years. Moreover, we excluded 1,826 individuals who were

unvaccinated, received partial vaccination, or were infected or

exposed within 14 days of last dose. Therefore, 5,588 close

contacts were included to analyze the effectiveness of booster
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vaccination of inactivated COVID-19 vaccines against

susceptibility, infectiousness, and transmission (Figure 1).

According to the inactivated COVID-19 vaccination status of

both the close contacts and their index cases, the close contacts

cohort was classified as four subgroups: group 2-2, group 2-3, group

3-2, and group 3-3, as stated earlier. The sample sizes of groups 2-2,

2-3, 3-2, and 3-3 were 846, 1,115, 1,210, and 2,417, respectively

(Figure 1, Table 1), respectively. Among the 5,588 close contacts,

3,472 (62.1%) were male and 5,372 (96.1%) individuals aged 18-59

years old (Table 1). Moreover, for index cases, 3,481 (62.3%) were

male and 5,434 (97.2%) individuals aged 18-59 years old (Table 1).

In terms of contact setting, there were 888 (15.9%) and 4700

(84.1%) household and non-household settings (Table 1).

Moreover, there were 2,605 (46.6%) and 2,983 (53.1%) individuals

with exposure to index cases after or before onset of indexes,

respectively, (Table 1). Furthermore, there were significantly

different (P < 0.001) for age, age and gender of index cases, and

contact settings among the four sub-cohorts (Table 1).
Effectiveness of booster vaccination of
inactivated COVID-19 vaccines against
susceptibility, infectiousness,
and transmission

The overall effectiveness of booster vaccination of inactivated

COVID-19 vaccines against susceptibility of Omicron BA.2 variant

was 30.0% (95% CI: −1.9%, 51.9%, Table 2, Figure 2) and did not

provide any protective effect. Moreover, we found that booster

vaccination of inactivated COVID-19 vaccines against susceptibility

also did not provide any protective effect in the subgroups

according to gender and contact setting (Table 2, Figure 2).
Frontiers in Immunology 04
Then, we found that the overall effectiveness of booster

vaccination of inactivated COVID-19 vaccines against

infectiousness of Omicron BA.2 variant was 44.9% (95% CI: 19.7%,

62.2%, Table 3, Figure 3). Moreover, we found that the effectiveness of

booster vaccination of inactivated COVID-19 vaccines against

infectiousness was 62.2% (95% CI: 32.0%, 78.9%) and 60.8% (95%

CI: 38.5%, 75.1%) for the female close contacts and the non-

household close contacts, respectively (Table 3, Figure 3). However,

booster vaccination of inactivated COVID-19 vaccines against

infectiousness did not provide any protective effect for the male

close contacts and household close contacts (Table 3, Figure 3).

Finally, we found that the overall effectiveness of booster

vaccination of inactivated COVID-19 vaccines against

transmission of Omicron BA.2 variant was 29.0% (95% CI: 3.2%,

47.9%, Table 4, Figure 4). Moreover, we found that the effectiveness

of booster vaccination of inactivated COVID-19 vaccines against

transmission was 38.9% (95% CI: 3.3%, 61.3%) and 45.8% (95% CI:

22.1%, 62.3%) for the female close contacts and the non-household

close contacts, respectively (Table 4, Figure 4). However, booster

vaccination of inactivated COVID-19 vaccines against transmission

did not provide any protective effect for the male close contacts and

household close contacts (Table 4, Figure 4).
Discussion

In this study, we conducted a retrospective cohort study to

evaluate the effectiveness of booster vaccination of inactivated

COVID-19 vaccines against being infected (susceptibility),

infecting others (infectiousness), and spreading the COVID-19

among individuals (transmission) during an Omicron BA.2 sub-
FIGURE 1

Flow chart of sample selection and grouping.
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TABLE 1 Baseline characteristics of close contacts of Omicron BA.2 infections who received full vaccination and booster vaccination.

Characteristics Contacts seeded by fully vaccinated
cases, n (column, %)

Contacts seeded by booster-vacci-
nated cases, n (column, %)

Overall
close con-
tacts (5588)

P
value

Group 2-2:
contacts of full
vaccination
(n = 846 [15.1])

Group 2-3: con-
tacts of booster
vaccination
(n = 1115 [19.9])

Group 3-2:
contacts of full
vaccination
(n = 1210 [21.7])

Group 3-3: con-
tacts of booster
vaccination
(n = 2417 [43.3])

Age (years)

18-59 804 (95.0) 1096 (98.3) 1116 (92.2) 2356 (97.5) 5372 (96.1) < 0.001

≥ 60 42 (5.0) 19 (1.7) 94 (7.8) 61 (2.5) 216 (3.9)

Age of index cases (years)

18-59 800 (94.6) 1062 (95.2) 1194 (98.7) 2378 (98.4) 5434 (97.2) < 0.001

≥ 60 46 (5.4) 53 (4.8) 16 (1.3) 39 (1.6) 154 (2.8)

Gender

Male 514 (60.8) 710 (63.7) 750 (62.0) 1498 (62.0) 3472 (62.1) 0.605

Female 332 (39.2) 405 (36.3) 460 (38.0) 919 (38.0) 2116 (37.9)

Gender of index cases

Male 536 (63.4) 813 (72.9) 733 (60.6) 1399 (57.9) 3481 (62.3) < 0.001

Female 310 (36.6) 302 (27.1) 477 (39.4) 1018 (42.1) 2107 (37.7)

Contact setting

Household 170 (20.1) 235 (21.1) 159 (12.8) 324 (13.4) 888 (15.9) < 0.001

Non-household 676 (79.9) 880 (78.9) 1051 (87.2) 2093 (86.6) 4700 (84.1)

Exposure to index cases at onset *

Yes 379 (44.8) 495 (44.4) 579 (47.9) 1152 (47.7) 2605 (46.6) 0.162

No 467 (55.2) 620 (55.6) 631 (52.1) 1265 (52.3) 2983 (53.1)
F
rontiers in Immunolog
y
 05
 front
*Close contacts were exposed to index cases at the time of symptom onset of the indexes.
TABLE 2 The effectiveness of booster Vaccination of inactivated COVID-19 vaccines against susceptibility of Omicron BA.2 variant, in
Shenzhen, China.

Stratification Number of contacts (%) Time from last vaccine
to contact exposure,
days [IQR]

Crude Adjusted *

Test-
positive

Test-
negative

For
contacts

For index
cases

OR
(95% CI)

VE (95%
CI), %

OR
(95% CI)

VE (95%
CI), %

Overall

Group 2-2 # 70 (8.3) 776 (91.7) 244.5
(204.0, 262.0)

249.2
(216.0, 263.0)

Ref. .. Ref. ..

Group 2-3 $ 65 (5.8) 1050 (94.2) 74.0 (55.0, 93.0) 250.0
(210.0, 260.0)

0.686
(0.484,
0.974)

31.4 (2.6, 51.6) 0.700
(0.481,
1.019)

30.0
(−1.9, 51.9)

Male close contacts

Group 2-2 # 36 (7.0) 478 (93.0) 245.0
(205.8, 263.0)

250.0
(216.0, 262.0)

Ref. .. Ref. ..

Group 2-3 $ 27 (3.8) 683 (96.2) 74.0 (54.0, 93.0) 250.0
(211.0, 257.0)

0.525
(0.314,
0.876)

47.5 (12.4, 68.6) 0.589
(0.346,
1.001)

41.1
(−0.1, 65.4)

(Continued)
iersin.or
g
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TABLE 2 Continued

Stratification Number of contacts (%) Time from last vaccine
to contact exposure,
days [IQR]

Crude Adjusted *

Test-
positive

Test-
negative

For
contacts

For index
cases

OR
(95% CI)

VE (95%
CI), %

OR
(95% CI)

VE (95%
CI), %

Female close contacts

Group 2-2 # 34 (14.7) 298 (85.3) 244.0
(202.5, 262.0)

248.5
(215.5, 263.0)

Ref. .. Ref. ..

Group 2-3 $ 38 (9.4) 367 (90.6) 73.0 (56.5, 93.5) 248.0
(206.0, 263.0)

0.908
(0.557,
1.477)

9.2 (−47.7, 44.3) 0.896
(0.523,
1.533)

10.4
(−53.3, 47.7)

Household contact setting

Group 2-2 # 18 (10.6) 152 (89.4) 250.0
(216.0, 266.0)

253.0
(246.3, 264.0)

Ref. .. Ref. ..

Group 2-3 $ 15 (6.4) 220 (93.6) 73.0 (41.0, 90.0) 253.0
(249.0, 253.0)

0.576
(0.281,
1.178)

42.4 (−17.8, 71.9) 0.578
(0.253,
1.320)

42.2
(−32.0, 74.7)

Non-household contact setting

Group 2-2 # 52 (7.7) 624 (92.3) 242.0
(201.0, 260.0)

243.0
(207.8, 263.0)

Ref. .. Ref. ..

Group 2-3 $ 50 (5.7) 830 (94.3) 74.0 (56.0, 94.0) 243.0
(200.0, 261.0)

0.723
(0.484,
1.080)

37.7 (−8.0, 51.6) 0.747
(0.488,
1.144)

25.3
(−14.4, 51.2)
F
rontiers in Immuno
logy
 06
 frontiersin.or
VE, vaccine effectiveness; * Variables adjusted in the model were sex of index cases and their close contacts, age of index cases and their close contacts, contact settings, and exposure to index cases
at onset of indexes; # Fully vaccinated close contacts seeded by fully vaccinated index cases; $ Booster-vaccinated close contacts seeded by fully vaccinated index cases.
FIGURE 2

The effectiveness of booster Vaccination of inactivated COVID-19 vaccines against be infected (susceptibility) duo to Omicron BA.2 variant, in
Shenzhen, China VE, vaccine effectiveness. # Fully vaccinated close contacts seeded by fully vaccinated index cases; $ Booster-vaccinated close
contacts seeded by fully vaccinated index cases.
g
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lineage outbreak in Shenzhen, China. Under the terms of the study,

the stringent restriction measures were still active to prevent

Omicron BA.2 infection and all the close contacts and their index

cases were carefully traced and monitored. Consequently, we could

assess the effectiveness of booster vaccination of inactivated

COVID-19 vaccines against susceptibility, infectiousness,

and transmission.

Several studies indicated that Omicron infection was less severe

compared with previous SARS-CoV-2 waves, leading to a relatively

low risk of COVID-19-related hospitalization and COVID-19-

related death (39–42). However, this difference might be due to

population natural immunity as well as COVID-19 vaccine-induced

immunity. Therefore, researchers have great interest in estimating

the VE against the Omicron different sub-lineages. An important

issue is to evaluate the role of inactivated COVID-19 vaccine

boosters against Omicron BA.2 infection caused by Omicron

BA.2 sub-lineage.
Frontiers in Immunology 07
In this study, our results indicated that booster vaccination of

inactivated COVID-19 vaccines did not provide any protection

against Omicron BA.2 infection. As far as we know, compared

with full vaccination, only two published studies estimated the

relative effectiveness of inactivated COVID-19 vaccine boosters

against infection caused by Omicron BA.2 variant (35, 43).

Consistent with our results, a test-negative case-control study in

Guangzhou, China found that booster immunization of

inactivated COVID-19 vaccines did not provide any protective

effect against Omicron BA.2 infection (35). Another retrospective

cohort study found that the inactivated COVID-19 vaccine

boosters only provided low level of protection against Omicron

BA.2 infection (43). Although the present study found that

booster vaccination of inactivated COVID-19 vaccines cannot

offer effective protection against susceptibility caused by

Omicron BA.2 variant. However, several published studies (24,

30–34, 44) indicated that the importance of COVID-19 vaccine
TABLE 3 The effectiveness of booster vaccination of inactivated COVID-19 vaccines against infectiousness of Omicron BA.2 variant, in
Shenzhen, China.

Stratification Number of
contacts (%)

Time from last vaccine
to contact exposure,
days [IQR]

Crude Adjusted *

Test-
positive

Test-
negative

For
contacts

For
index cases

OR
(95% CI)

VE (95%
CI), %

OR
(95% CI)

VE (95%
CI), %

Overall

Group 2-2 # 70 (8.3) 776 (91.7) 244.5
(204.0, 262.0)

249.2
(216.0, 263.0)

Ref. .. Ref. ..

Group 3-2 $ 61 (5.0) 1149 (95.0) 243.0
(205.0, 265.0)

84.0
(66.0, 105.3)

0.589
(0.413, 0.840)

41.1
(16.0, 58.7)

0.551
(0.378, 0.803)

44.9
(19.7, 62.2)

Male close contacts

Group 2-2 # 36 (7.0) 478 (93.0) 245.0
(205.8, 263.0)

250.0
(216.0, 262.0)

Ref. .. Ref. ..

Group 3-2 $ 38 (5.1) 712 (94.9) 243.0
(205.0, 266.0)

85.0
(66.0, 103.0)

0.709
(0.443, 1.134)

29.1
(−13.4, 55.7)

0.719
(0.433, 1.193)

28.1
(−19.3, 56.7)

Female close contacts

Group 2-2 # 34 (14.7) 298 (85.3) 244.0
(202.5, 262.0)

248.5
(215.5, 263.0)

Ref. .. Ref. ..

Group 3-2 $ 23 (5.0) 437 (95.0) 243.0
(205.3, 263.8)

82.0
(63.0, 112.8)

0.461
(0.266, 0.799)

53.9
(20.1, 73.4)

0.378
(0.211, 0.680)

62.2
(32.0, 78.9)

Household contact setting

Group 2-2 # 18 (10.6) 152 (89.4) 250.0
(216.0, 266.0)

253.0
(246.3, 264.0)

Ref. .. Ref. ..

Group 3-2 $ 23 (14.5) 136 (85.5) 238.0
(199.0, 265.0)

87.0 (69.0, 96.0) 1.428
(0.739, 2.760)

−42.8
(−176.0, 26.1)

1.147
(0.561, 2.344)

−14.7
(−134.4, 43.9)

Non-household contact setting

Group 2-2 # 52 (7.7) 624 (92.3) 242.0
(201.0, 260.0)

243.0
(207.8, 263.0)

Ref. .. Ref. ..

Group 3-2 $ 38 (3.6) 1013 (96.4) 243.0
(206.0, 265.0)

83.0
(66.0, 110.0)

0.450
(0.293, 0.692)

55.0
(30.8, 70.7)

0.392
(0.249, 0.615)

60.8
(38.5, 75.1)
VE, vaccine effectiveness; * Variables adjusted in the model were sex of index cases and their close contacts, age of index cases and their close contacts, contact setting, and exposure to index cases
at onset of indexes; # Fully vaccinated close contacts seeded by fully vaccinated index cases; $ Fully vaccinated close contacts seeded by booster-vaccinated index cases.
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1359380
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Liao et al. 10.3389/fimmu.2024.1359380
FIGURE 3

The effectiveness of booster vaccination of inactivated COVID-19 vaccines against infectiousness due to Omicron BA.2 variant, in Shenzhen, China
VE, vaccine effectiveness. # Fully vaccinated close contacts seeded by fully vaccinated index cases; $ Fully vaccinated close contacts seeded by
booster-vaccinated index cases.
TABLE 4 The Effectiveness of booster vaccination of Inactivated COVID-19 Vaccines Against transmission of Omicron BA.2, in Shenzhen, China.

Stratification Number of
contacts (%)

Time from last vaccine
to contact exposure,
days [IQR]

Crude Adjusted *

Test-
positive

Test-
negative

For
contacts

For
index cases

OR
(95% CI)

VE (95%
CI), %

OR
(95% CI)

VE (95%
CI), %

Overall

Group 2-2# 70 (8.3) 776 (91.7) 244.5
(204.0, 262.0)

249.2
(216.0, 263.0)

Ref. .. Ref. ..

Group 3-3 $ 144 (6.0) 2273 (94.0) 81.0
(61.0, 103.0)

88.0
(74.0, 106.5)

0.702
(0.522, 0.945)

29.8 (5.5, 47.8) 0.710
(0.521, 0.968)

29.0 (3.2, 47.9)

Male close contacts

Group 2-2# 36 (7.0) 478 (93.0) 245.0
(205.8, 263.0)

250.0
(216.0, 262.0)

Ref. .. Ref. ..

Group 3-3 $ 78 (5.2) 1420 (94.8) 83.0
(61.0, 105.0)

88.0
(766.0, 105.0)

0.729
(0.485, 1.097)

27.1
(−9.7, 51.5)

0.832
(0.542, 1.278)

16.8
(−27.8, 45.8)

Female close contacts

Group 2-2# 34 (14.7) 298 (85.3) 244.0
(202.5, 262.0)

248.5
(215.5, 263.0)

Ref. .. Ref. ..

Group 3-3 $ 66 (7.2) 853 (92.8) 79.0
(60.0, 100.0)

89.0
(69.0, 108.0)

0.678
(0.439, 1.047)

32.2
(−4.7, 56.1)

0.611
(0.387, 0.967)

38.9 (3.3, 61.3)

Household contact setting

Group 2-2# 18 (10.6) 152 (89.4) 250.0
(216.0, 266.0)

253.0
(246.3, 264.0)

Ref. .. Ref. ..

(Continued)
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boosters to mitigate the severity of COVID-19, especially in old

adults, which is consistent with WHO recommendation about

administration of COVID-19 vaccines for this group (45).

Moreover, several previous studies (24, 30–34, 44) and meta-

analyses (13, 46, 47) confirmed that COVID-19 vaccine boosters

only provided low level of protection against infection caused by

Omicron variant. These results indicated that the inactivated

COVID-19 vaccine boosters were inefficient in preventing

Omicron BA.2 epidemic. However, published studies were not
Frontiers in Immunology 09
comprehensive enough because the VE measured in their studies

was restricted to evaluating against susceptibility (infection).

Another important aim of this study is to estimate the

effectiveness of inactivated COVID-19 vaccine boosters against

infectiousness and transmission caused by Omicron BA.2 variant.

We found that the overall effectiveness of booster vaccination of

inactivated COVID-19 vaccines against infectiousness was 44.9%

and indicating that booster vaccination can reduce the infectivity

among the infected individuals for adults aged ≥ 18 years older.
TABLE 4 Continued

Stratification Number of
contacts (%)

Time from last vaccine
to contact exposure,
days [IQR]

Crude Adjusted *

Test-
positive

Test-
negative

For
contacts

For
index cases

OR
(95% CI)

VE (95%
CI), %

OR
(95% CI)

VE (95%
CI), %

Household contact setting

Group 3-3 $ 44 (13.6) 280 (86.4) 78.0
(64.0, 94.0)

87.0 (72.5, 94.0) 1.327
(0.741, 2.377)

−32.7
(−137.7, 25.9)

1.600
(0.879, 2.911)

−60.0
(−191.1, 12.1)

Non-household contact setting

Group 2-2# 52 (7.7) 624 (92.3) 242.0
(201.0, 260.0)

243.0
(207.8, 263.0)

Ref. .. Ref. ..

Group 3-3 $ 100 (4.8) 1993 (95.2) 82.0
(60.0, 106.0)

88.0
(74.0, 113.0)

0.602
(0.426, 0.852)

39.8
(14.8, 57.4)

0.542
(0.377, 0.779)

45.8
(22.1, 62.3)
VE, vaccine effectiveness; * Variables adjusted in the model were sex of index cases and their close contacts, age of index cases and their close contacts, contact setting, and exposure to index cases
at onset of indexes; # Fully vaccinated close contacts seeded by fully vaccinated index cases; $ Booster-vaccinated close contacts seeded by booster-vaccinated index cases.
FIGURE 4

The effectiveness of booster vaccination of inactivated COVID-19 vaccines against transmission of Omicron BA.2, in Shenzhen, China. # Fully
vaccinated close contacts seeded by fully vaccinated index cases; $ Booster-vaccinated close contacts seeded by booster-vaccinated index cases.
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The reduced infectiousness among booster-vaccinated COVID-19

cases can be because vaccination shortens the duration of time of

high transmission potential, minimizes symptom duration, and

furthermore may restrict tissue dissemination of active virus (48–

50). VE against transmission which refers to the ability of COVID-

19 vaccine to block the virus transmission chain and cut off

community transmission. Overall, the inactivated vaccine

boosters only provided a low level of protection in preventing

transmission. Our results indicated that the individuals who

received the booster vaccination had a 29.0% decreased risk of

spreading the Omicron BA.2 virus from one to another. Then, we

conducted subgroups according to gender and contact setting. We

found that the inactivated COVID-19 vaccines boosters provided

effective protection against infectiousness and transmission for the

female and non-household close contacts. Further analysis

observed that females had a higher secondary infection rate

(14.7%) than males (7.0%) among group 2-2, which may be

attributed to females having more frequent household contact

with COVID-19 cases. Previous studies have indicated that the

household setting is the main route of transmission due to more

frequent and longer unprotected exposure to SARS-CoV-2 (51,

52). However, it is needed to further confirm the differences of VE

for gender.

Although we previously applied same data to evaluate the

effectiveness of inactivated COVID-19 vaccine booster

immunization against transmission in Shenzhen during a BA.2

outbreak period from 1 February to 21 April 2022 (53). However,

we only considered the COVID-19 vaccination status of index

cases. In this study, to further distinguishing the effectiveness of

booster vaccination of inactivated COVID-19 vaccines, we applied

four sub-cohorts according to the inactivated COVID-19

vaccination status of both the close contacts and their index

cases to evaluate the effectiveness of inactivated vaccine booster

immunization against susceptibility), infectiousness, and

transmission. Therefore, the present study adds unique

contributions to the scientific literature. First, it expanded on

previous studies on the effectiveness of inactivated vaccine

boosters only against infection (susceptibility). Second, it offered

preliminary evidence of the effectiveness of inactivated vaccine

boosters against susceptibility, infectiousness, and transmission

caused by Omicron BA.2 subvariant using a cohort study design.

Third, it was the first study to comprehensively assess the

effectiveness of inactivated COVID-19 vaccine boosters against

susceptibility, infectiousness, and transmission of Omicron BA.2

subvariant using contact tracing data. However, there were also

several limitations. Firstly, this study did not assess the COVID-

19-related hospitalization because all SARS-CoV-2 positive people

must be isolated and hospitalized in China regardless of the

severity of COVID-19 during the study period. Therefore, the

current results cannot be extended to a more severe clinical range

of COVID-19. Secondly, unmeasured exposure factors (e.g.,

conversation, shared room) might compromise the validity of

our results although we had tried to control the known covariates.

Thirdly, some behaviors (e.g., social distancing and personal
Frontiers in Immunology 10
protection) that also may affect our results. Fourthly, we did not

consider mixing observations from different indexes and repeating

observations from the same index due to data limitation in this

study. Lastly, due to the short period of observation, we did not

analyze the VE of inactivated COVID-19 vaccines from different

vendors. Moreover, we also did not evaluate the duration of

booster dose compared with full vaccination in this study.

In summary, booster vaccination of the inactivated COVID-19

vaccines provides low level of protection and moderate level of

protection against Omicron BA.2 transmission and infectiousness,

respectively. However, booster vaccination does not provide any

protective effect against Omicron BA.2 susceptibility. These

findings indicate that it is continuously needed assessing VE

against the Omicron variant and may offer enough information to

help develop COVID-19 vaccination strategies.
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41. Petersen MS, Kongsstovu S Í, Eliasen EH, Larsen S, Hansen JL, Vest N, et al.
Clinical characteristics of the Omicron variant - results from a Nationwide Symptoms
Survey in the Faroe Islands. Int J Infect Dis. (2022) 122:636–43. doi: 10.1016/
j.ijid.2022.07.005
Frontiers in Immunology 12
42. Ulloa AC, Buchan SA, Daneman N, Brown KA. Estimates of SARS-CoV-2
omicron variant severity in Ontario, Canada. JAMA. (2022) 327:1286–8. doi: 10.1001/
jama.2022.2274

43. He X, Zeng B, Wang Y, Pang Y, Zhang M, Hu T, et al. Effectiveness of booster
vaccination with inactivated COVID-19 vaccines against SARS-CoV-2 Omicron BA.2
infection in Guangdong, China: a cohort study. Front Immunol. (2023) 14:1257360.
doi: 10.3389/fimmu.2023.1257360

44. Tartof SY, Slezak JM, Puzniak L, Hong V, Frankland TB, Xie F, et al.
Effectiveness and durability of BNT162b2 vaccine against hospital and emergency
department admissions due to SARS-CoV-2 omicron sub-lineages BA.1 and BA.2 in a
large health system in the USA: a test-negative, case-control study. Lancet Respir Med.
(2023) 11:176–87. doi: 10.1016/S2213-2600(22)00354-X

45. WHO. The Sinovac-CoronaVac COVID-19 vaccine: what you need to know.
World Health Organization (2021). Available at: https://www.who.int/news-room/
feature-stories/detail/the-sinovac-covid-19-vaccine-what-you-need-to-know.

46. Xu S, Li J, Wang H, Wang F, Yin Z, Wang Z. Real-world effectiveness and factors
associated with effectiveness of inactivated SARS-CoV-2 vaccines: a systematic review
and meta-regression analysis. BMC Med. (2023) 21:160. doi: 10.1186/s12916-023-
02861-3

47. Mohammed H, Pham-Tran DD, Yeoh ZYM,Wang B, McMillan M, Andraweera
PH, et al. A systematic review and meta-analysis on the real-world effectiveness of
COVID-19 vaccines against infection, symptomatic and severe COVID-19 disease
caused by the omicron variant (B.1.1.529). Vaccines (Basel). (2023) 11:224.
doi: 10.3390/vaccines11020224

48. Tian D, Song Y, Zhang M, Pan Y, Ge Z, Zhang Y, et al. Genomic, immunological,
and clinical analysis of COVID-19 vaccine breakthrough infections in Beijing, China. J
Med Virol. (2022) 94:2237–49. doi: 10.1002/jmv.27636

49. Li D, Li AE, Li ZQ, Bao Y, Liu T, Qin XR, et al. SARS-coV-2 delta variant in
Jingmen City, Hubei Province, China, 2021: children susceptible and vaccination
breakthrough infection. Front Microbiol. (2022) 13:856757. doi: 10.3389/
fmicb.2022.856757

50. Ke R, Martinez PP, Smith RL, Gibson LL, Achenbach CJ, McFall S, et al.
Longitudinal analysis of SARS-coV-2 vaccine breakthrough infections reveals limited
infectious virus shedding and restricted tissue distribution. Open Forum Infect Dis.
(2022) 9:ofac192. doi: 10.1093/ofid/ofac192

51. 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:e229317.
doi: 10.1001/jamanetworkopen.2022.9317

52. Madewell ZJ, Yang Y, Longini IM Jr, Halloran ME, Dean NE. Household
transmission of SARS-coV-2: A systematic review and meta-analysis. JAMA Netw
Open. (2020) 3:e2031756. doi: 10.1001/jamanetworkopen.2020.31756

53. He X, Liao Y, Liang Y, Yu J, Gao W, Wan J, et al. Transmission characteristics
and inactivated vaccine effectiveness against transmission of the SARS-CoV-2 Omicron
BA.2 variant in Shenzhen, China. Front Immunol. (2024) 14:1290279. doi: 10.3389/
fimmu.2023.1290279
frontiersin.org

https://doi.org/10.1016/S1473-3099(22)00345-0
https://doi.org/10.1016/j.jinf.2022.08.008
https://doi.org/10.1016/j.kint.2022.07.018
https://doi.org/10.1093/infdis/jiad090
https://doi.org/10.3390/vaccines11030566
https://doi.org/10.3390/vaccines11030566
https://doi.org/10.2807/1560-7917.ES.2021.26.31.2100640
https://doi.org/10.2807/1560-7917.ES.2021.26.31.2100640
https://doi.org/10.1038/s41467-022-33498-0
https://doi.org/10.1038/s41467-022-33498-0
https://doi.org/10.1001/jamanetworkopen.2023.5755
https://doi.org/10.1001/jamanetworkopen.2023.5755
https://doi.org/10.1016/j.ijid.2021.12.357
https://doi.org/10.1002/jmv.27613
https://doi.org/10.1002/jmv.27613
https://doi.org/10.1016/j.ijid.2022.07.005
https://doi.org/10.1016/j.ijid.2022.07.005
https://doi.org/10.1001/jama.2022.2274
https://doi.org/10.1001/jama.2022.2274
https://doi.org/10.3389/fimmu.2023.1257360
https://doi.org/10.1016/S2213-2600(22)00354-X
https://www.who.int/news-room/feature-stories/detail/the-sinovac-covid-19-vaccine-what-you-need-to-know
https://www.who.int/news-room/feature-stories/detail/the-sinovac-covid-19-vaccine-what-you-need-to-know
https://doi.org/10.1186/s12916-023-02861-3
https://doi.org/10.1186/s12916-023-02861-3
https://doi.org/10.3390/vaccines11020224
https://doi.org/10.1002/jmv.27636
https://doi.org/10.3389/fmicb.2022.856757
https://doi.org/10.3389/fmicb.2022.856757
https://doi.org/10.1093/ofid/ofac192
https://doi.org/10.1001/jamanetworkopen.2022.9317
https://doi.org/10.1001/jamanetworkopen.2020.31756
https://doi.org/10.3389/fimmu.2023.1290279
https://doi.org/10.3389/fimmu.2023.1290279
https://doi.org/10.3389/fimmu.2024.1359380
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The effectiveness of booster vaccination of inactivated COVID-19 vaccines against susceptibility, infectiousness, and transmission of omicron BA.2 variant: a retrospective cohort study in Shenzhen, China
	Introduction
	Methods
	Study setting
	Study design and participants
	Vaccination status and outcome
	Statistical analyses

	Results
	General information of the close contacts
	Effectiveness of booster vaccination of inactivated COVID-19 vaccines against susceptibility, infectiousness, and transmission

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


