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a b s t r a c t
Objectives: SARS-CoV-2 is primarily transmitted within households, with massive healthcare system burdens. The role of inactivated vaccines and ChAdOx1 nCoV-19 vaccination in the prevention of withinhousehold transmission remains unknown.
Methods: This observational case-control study tracked 408 SARS-CoV-2 polymerase chain reaction–
conﬁrmed index cases from April to September 2021. This study aimed to prove the beneﬁt of inactivated
and ChAdOx1 nCoV-19 vaccinated index cases in preventing within-household transmissibility.
Results: A total of 1178 household contacts were investigated. A total of 231 index cases were vaccinated
with inactivated or ChAdOx1 nCoV-19 vaccine, and 177 were unvaccinated. The vaccinated index cases exhibited a 7.8% risk reduction in household transmission. There was no difference in the secondary attack
rate of 50.77% in unvaccinated cases compared with 46.81% in vaccinated index cases (P-value = 0.177).
Those who completed the two-dose SARS-CoV-2 vaccination demonstrated a 93% reduction in household
transmissibility within 14-90 days. The effectiveness for preventing household transmission was 26.09%.
The 87% reduced risk of household transmissibility was observed among those who wore masks.
Conclusion: The completed two-dose SARS-CoV-2 inactivated and ChAdOx1 nCoV-19 vaccination within
14-90 days among index cases demonstrated beneﬁts in preventing within-household transmissibility.
Implementing high-eﬃcacy vaccination and an appropriate booster dose can prevent household transmission.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction
COVID-19 is caused by the SARS-CoV-2 infection and caused the
pandemic with high mortality. Household transmission is the most
common transmission source in the countries with COVID-19 outbreaks (Pollán et al., 2020). In England, the secondary infection rate
is 4-6.4 per 100 households (Hall et al., 2021). The secondary attack rate (SAR) in other countries is 16.3-53% (Grijalva et al., 2020;
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Li et al., 2020; Singanayagam et al., 2022). The systematic
review demonstrated an average of 17% secondary infections
(4-45%), and the SAR was 31.1% during the B.1.617.2 outbreak,
whereas the high transmissibility in Thai households was 56%
(Madewell et al., 2020, 2021; Watanapokasin et al., 2021). SARSCoV-2 vaccination is the best modality to prevent SARS-CoV-2 infection and has been shown to reduce its severity and mortality. A study of index cases vaccinated with ChAdOx1 nCoV-19 or
BNT162b2 >21 days found 10% of secondary cases and a 40-50%
reduction in infected household contacts. The secondary cases and
SAR were 196 (5.7%) and 371 (6.2%) in households with ChAdOx1
nCoV-19 and BNT162b2 vaccinated index cases, respectively (Harris
et al., 2021). The effectiveness of BNT162b2 and messenger RNA
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(mRNA)-1273 in households was 8.7% and 42.9% between 2 and
10 weeks after the ﬁrst dose among vaccinated index cases, and
the effectiveness of preventing transmission was 63% among the
unvaccinated and 40% in the vaccinated households (Salo et al.,
2022). Israeli data showed an 88.5% effectiveness of BNT162b2
against transmission (Prunas et al., 2022). Moreover, a UK study
demonstrated that the SAR for the B.1.617.2 variant among vaccinated cases was 25% and 38% in unvaccinated cases (Singanayagam
et al., 2022). A community study found a robust negative association between vaccination rates and a two-fold decreased positive
test fraction of unvaccinated community members (Milman et al.,
2021). This study focused on inactivated SARS-CoV-2 and ChAdOx1
nCoV-19 vaccination in preventing household transmissibility.

Bangkok, Thailand, during the B.1.617.2 and B.1.1.7 variant outbreaks (Fig. 1). A total of 408 index cases were identiﬁed, excluding non-index cases; index without household members; those
who received mRNA or viral vector vaccines; those who previously received antiviral agents or passive antibodies, namely
convalescent plasma, monoclonal antibodies, hyperimmune globulin, and hydroxychloroquine/chloroquine prophylaxis within 60
days; residents in nursing care facilities; and those who did
not cooperate with the given personnel data (Fig. 2). The close
contact households were deﬁned as members who lived less
than 6 feet away from index cases for at least 10 minutes in
the last 14 days, without any other suspected index case. Secondary household infection was deﬁned by the World Health
Organization (2020). The conﬁrmed cases were close contact
households who tested positive using the reverse transcriptasepolymerase chain reaction or SARS-CoV-2 antigen rapid diagnosis
test, with or without symptoms. The probable cases were household contacts consistent with clinical criteria, including respiratory symptoms or chest roentgenogram compatible with COVID19, whereas the suspected cases were symptomatic close contact
individuals.

Methods
Patients
The electronic medical records of all 793 SARS-CoV-2 polymerase chain reaction-conﬁrmed cases were retrospectively reviewed from April to September 2021 in Chulabhorn Hospital,

Fig. 1. Percent of SARS-CoV-2 B.1.617.2. variant (Delta) and B.1.1.7 variant (Alpha) distribution of index cases in the study compared with SARS-Cov-2 variants during an
outbreak in Bangkok. Thailand from April to September 2021.
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Fig. 2. Flow chart of patients enrollment.

Trial procedure

munoglobulin G antibodies were higher in the vaccinated index
cases (P-value = 0.001).
Unvaccinated index cases had more moderate and severe/critical COVID-19 (71.89% and 2.16%, respectively; Pvalue = 0.013). The symptomatic vaccinated index cases had
more nasal discharges (P-value = 0.006). Most of the index cases
were vaccinated <14 days (42.86%) and 14-90 days (55.68%),
and the majority were vaccinated using CoronaVac, followed
by ChAdOx1 nCoV-19. Half of the vaccinated and unvaccinated
index cases shared bedrooms and bathrooms with the household
members (Table 1, Supplementary Table 1).
Among 1178 within-household close contact cases, 572 were
compatible with the SARS-CoV-2 infection deﬁnition: 308 secondary cases from vaccinated index cases and 264 from unvaccinated individuals. Almost all conﬁrmed household contacts were
detected by the SARS-CoV-2 antigen rapid diagnostic test. There
were high numbers of unvaccinated household contacts, 41.4% and
76.54% in vaccinated and unvaccinated index cases, respectively
(Supplementary Table 2). The SAR in those who were fully vaccinated with CoronaVac >14 days was 46% lower than the 53% SAR
of those fully vaccinated with ChAdOx1 nCoV-19 >14 days (Supplementary Table 3).

This retrospective, case-control study compared index cases
who received the CoronaVac, BBIBP-CorV, and ChAdOx1 nCoV-19
vaccines, which were authorized for vaccination in Thailand during the study period, and those who did not receive any vaccine.
Baseline characteristic data, subvariants, and cycle threshold (Ct)
values were collected using contact tracking records and electronic
data review. All index cases provided written informed consent
and were interviewed about the vaccination and household history
by telephone and electronic questionnaires. This clinical trial was
registered in the Thai Clinical Trials Registry no. TCTR20211108003.
Statistical analysis
Categorical data and baseline characteristics were analyzed using the chi-square test or Fisher’s exact test. Non-normally distributed continuous data were compared using the Mann-Whitney
U test for multiple groups. The calculated sample size in this study
was 208 to detect the differences in the SAR between vaccinated
and unvaccinated index cases, with 80% power and an alpha error of 0.05. Continuous, non-normally distributed data are presented as median (interquartile range) and were analyzed using
the Mann-Whitney U test. The adjusted odds ratio (aOR) of any
factor between vaccinated and unvaccinated infected households
was analyzed using multilevel logistic regression. Statistical significance was deﬁned as a two-sided P-value <0.05, and all statistical
analyses were performed using STATA, version 16.1 (StataCorp, College Station, TX, USA).

Outcomes
The overall SAR of household contacts was 46.81% in unvaccinated and 50.77% in vaccinated index cases (P-value = 0.177). The
relative risk reduction of households that contacted the vaccinated
index cases was 7.8%. The SARs in household contacts were 64.71%,
40%, and 81.25% in vaccinated index cases who received a completed two-dose vaccination <14 days, 14-90 days, and >90 days,
respectively.
Despite the high SAR in each VOC, the study could not demonstrate the difference in SAR between the vaccinated and unvaccinated index cases. The symptomatic index cases had more risk
of transmissibility than asymptomatic individuals (odds ratio [OR]
3.19, 95% conﬁdence interval [CI] 1.23, 8.25), which demonstrated
decreased transmissibility in individuals without fever and those
without cough, with OR 0.44; 95% CI 0.20, 0.95 and OR 0.43; 95%
CI 0.20, 0.93, respectively. The SAR peaked 24-48 hours from the
onset of symptoms, and the SAR was lower in vaccinated (50.43%)
than unvaccinated index cases (65.71%) (P-value = 0.042) (Table 2,
Supplementary Tables 4, 5).

Results
Baseline characteristics
Of the 408 primary cases, 177 (43.38%) were unvaccinated. A
total of 231 (56.62%) were vaccinated with ChAdOx1 nCoV-19 and
inactivated vaccines, namely CoronaVac and BBIBP-CorV vaccines.
All cases were Thai from June to August 2021 and peaked in July
to August 2021 during the B.1.617.2 outbreak and the recent CoronaVac and ChAdOx1 nCoV-19 vaccination. The majority of variants of concern (VOCs) consisted of B.1.617.2 (14.9%), followed by
B.1.1.7 (5.15%), and 79.66% of unknown variants. Nucleocapsid im192
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Table 1
Baseline characteristics of index cases.
Baseline characteristics of index cases

Vaccinated,
N (%)

Unvaccinated,
N (%)

Primary case (index)
Sex
Male
Female
Age (years) (median, IQR)
Age range of index cases (years)
≤10
11-20
21-30
31-40
41-50
51-60
61-70
>70
Subvariant
B.1.617.2
B.1.1.7
B.1.617.2 and B.1.1.7
Unknown
Cycle threshold value (N, %)
<20
21-30
>30
Vaccinated (N, %)
1st dose of CoronaVac
2nd dose of CoronaVac
1st dose of ChAdOx1 nCoV-19
2nd dose of ChAdOx1 nCoV-19
1st dose of BBIBP-CorV
2nd dose of BBIBP-CorV
Duration from the onset of symptoms
0-24 hours
24-48 hours
48-72 hours
>72 hours
Symptom
Asymptomatic
Symptomatic
Severity
Mild illness
Moderate illness
Severe/ critical illness
Symptoms
Fever
Cough
Sore throat
Runny nose
Diarrhea
History of SARS-CoV-2 vaccination
Vaccinated <14 days
Vaccinated within 14-90 days
Vaccinated >90 days
Number of household members
≤2
3-4
5-6
>6
Property type
Condominium
Terraced
Detached
Flat

231 (56.62)

177 (43.38)

120 (51.95)
111 (48.05)
40 (31, 51)

84 (47.46)
93 (52.54)
39 (29, 49)

0 (0.00)
1 (0.43)
53 (22.94)
63 (27.27)
53 (22.94)
25 (10.82)
18 (7.79)
18 (7.79)

0 (0.00)
3 (1.69)
47 (26.55)
46 (25.99)
43 (24.29)
21 (11.86)
12 (6.78)
5 (2.82)

38 (16.45)
8 (3.46)
1 (0.43)
184 (79.65)

23 (12.99)
13 (7.34)
0 (0.00)
141 (79.66)

106 (46.29)
92 (40.17)
31 (13.54)

81 (46.29)
74 (42.29)
20 (11.43)

a
b
c

P-value

0.369a

0.178c
0.328a

0.183b

0.796a

0.000b
27 (11.69)
64 (27.71)
115 (49.78)
3 (1.30)
13 (5.63)
9 (3.90)

0
0
0
0
0
0

(0.00)
(0.00)
(0.00)
(0.00)
(0.00)
(0.00)

64
23
61
0

(36.16)
(12.99)
(34.46)
(0.00)

0.889b
88
35
72
1

(38.10)
(15.15)
(31.17)
(0.43)

0.684a
42 (18.18)
189 (81.82)

35 (19.77)
142 (80.23)

78 (34.82)
143 (63.84)
3 (1.34)

44 (26.35)
120 (71.86)
3 (1.80)

139 (60.17)
143 (61.90)
106 (45.89)
119 (51.52)
52 (22.51)

117 (66.10)
108 (61.02)
74 (41.81)
67 (37.85)
55 (31.07)

99 (42.86)
124 (53.68)
8 (3.46)

0 (0.00)
0 (0.00)
0 (0.00)

0.198b

0.220a
0.855a
0.411a
0.006a
0.051a
<0.001b

0.944a
72 (31.17)
94 (40.69)
43 (18.61)
22 (9.52)

55
69
33
20

(31.07)
(38.98)
(18.64)
(11.30)

26
68
80
57

15 (8.47)
54 (30.51)
59 (33.33)
49 (27.68)

0.751a
(11.26)
(29.44)
(34.63)
(24.68)

Chi-square test.
Fisher’s exact test.
Mann-witney U test, IQR, interquartile range.

in those who completed the vaccination within 14-90 days and
50.77% in unvaccinated index cases. The ChAdOx1 nCoV-19 vaccinated index cases had reduced transmissibility after the ﬁrst dose
<14 days (aOR 0.002, 95% CI 0.000, 0.295) and <14 days after second dose (aOR 0.042, 95% CI 0.003, 0.638). The SAR in ChAdOx1

Vaccine-associated factors were also analyzed. The index
cases who completed two doses of any inactivated vaccine and
ChAdOx1 nCoV-19 vaccine within 14-90 days had a reduced
SARS-CoV-2 transmissibility risk (OR 0.29, 95% CI 0.09, 0.92, Pvalue = 0.035); aOR 0.07, 95% CI 0.01, 0.78), and the SAR was 40%
193

Factors related to SARS-CoV-2
transmissibilityof index cases
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Household
contacts,
N (%)

Uninfected close contacts,
N (%)

Secondary cases,
N (%)

The secondary attack rate (%)

408

1178

350 / 658

256 / 520

308 / 658

264 / 520

48.56

46.81

50.77

0.177a

Adjusted Odds of
infection of
household contacts
with vaccinated
index cases (95%CI)c
-

0 (0.00)
0 (0.00)
4 (0.98)
100 (24.51)
109 (26.72)
96 (23.53)
46 (11.27)
30 (7.35)
23 (5.64)

40 (4.93)
48 (5.91)
116 (14.29)
182 (22.41)
143 (17.61)
109 (13.42)
86 (10.59)
42 (5.17)
46 (5.67)

11 (3.85)
17 (5.94)
40 (13.99)
59 (20.63)
51 (17.83)
40 (13.99)
33 (11.54)
16 (5.59)
19 (6.64)

10 (5.52)
9 (4.97)
17 (9.39)
42 (23.20)
42 (23.20)
29 (16.02)
18 (9.94)
6 (3.31)
8 (4.42)

10 (5.75)
11 (6.32)
29 (16.67)
32 (18.39)
35 (20.11)
14 (8.05)
16 (9.20)
16 (9.20)
11 (6.32)

9 (5.26)
11 (6.43)
30 (17.54)
49 (28.65)
15 (8.77)
26 (15.20)
19 (11.11)
4 (2.34)
8 (4.68)

47.50
45.83
50.86
44.51
34.97
36.70
40.70
47.62
41.30

47.62
39.29
42.03
35.16
40.70
25.93
32.65
50.00
36.67

47.37
55.00
63.63
53.85
26.32
47.27
51.35
40.00
50.00

0.987a
0.281a
0.021a
0.011a
0.077a
0.021a
0.081a
0.580a
0.382a

Ref.
0.47 (0.06, 3.50)
0.35 (0.06, 2.05)
0.19 (0.03, 1.08)
0.36 (0.07, 1.86)
0.16 (0.03, 0.98)
0.22 (0.04, 1.29)
0.29 (0.04, 2.07)
0.16 (0.02, 1.16)

-

11 (0.93)
273 (23.17)
291 (24.70)
274 (23.26)
124 (10.53)
132 (11.21)
73 (6.20)

4 (1.14)
87 (24.86)
97 (27.71)
67 (19.14)
25 (7.14)
42 (12.00)
28 (8.00)

3 (1.17)
63 (24.61)
74 (28.91)
52 (20.31)
27 (10.55)
33 (12.89)
4 (1.56)

0 (0.00)
45 (14.61)
56 (18.18)
86 (27.92)
43 (13.96)
46 (14.94)
32 (10.39)

4 (1.52)
78 (29.55)
64 (24.24)
69 (26.14)
29 (10.98)
11 (4.17)
9 (3.41)

36.36
45.05
41.24
56.57
58.06
43.18
56.16

0.00
34.09
36.60
56.21
63.24
52.27
53.33

57.14
55.32
46.38
57.02
51.79
25.00
69.23

0.194b
<0.001a
0.091a
0.892a
0.199a
0.003a
0.295a

Ref.
0.96 (0.22, 4.13)
7.73 (1.01, 22.17)
9.94 (1.35, 73.12)
5.61 (0.73, 43.03)
6.80 (0.81, 56.97)

61 (14.95)
21 (5.15)
1 (0.25)
325 (79.66)

167 (14.18)
58 (4.92)
2 (0.17)
951 (80.73)

53 (15.14)
6 (1.71)
2 (0.57)
289 (82.57)

31 (12.11)
28 (10.94)
0 (0.00)
197 (76.95)

44 (14.29)
8 (2.60)
0 (0.00)
256 (83.12)

39 (14.77)
16 (6.06)
0 (0.00)
209 (79.17)

49.70
41.38
0
48.90

45.36
57.14
0.00
46.97

55.71
36.36
0.00
51.48

0.187a
0.169a
0.169a

Ref.
2.65 (0.09, 78.36)
0.81 (0.21, 2.98)

187 (46.29)
166 (41.09)
51 (12.62)

495 (42.31)
516 (44.10)
159 (13.59)

131 (37.54)
159 (45.56)
59 (16.91)

91 (36.40)
128 (51.20)
31 (12.40)

152 (49.51)
109 (35.50)
46 (14.98)

121 (45.83)
120 (45.45)
23 (8.71)

55.15
44.38
43.40

53.71
40.67
43.81

57.08
48.39
42.59

0456a
0.078a
0.883a

Ref.
0.37 (0.12, 1.16)
0.38 (0.08, 1.79)

152 (37.25)
58 (14.22)
133 (32.60)
1 (0.25)

432 (36.67)
185 (15.70)
384 (32.60)
1 (0.08)

129(36.86)
57(16.29)
110(31.43)
0(0.00)

93(36.33)
24(9.38)
90(35.16)
0(0.00)

113 (36.69)
58 (18.83)
95 (30.84)
1 (0.32)

97 (36.74)
46 (17.42)
89 (37.71)
0 (0.00)

48.61
56.22
47.92
100

46.69
50.43
46.34
10 0.0 0

51.05
65.71
49.72
0.00

0.368a
0.042a
0.508a
-

Ref.
1.13 (0.26, 6.07)
1.15 (0.32, 4.11)
-

Vaccinated
index cases

Unvaccinated
index cases

Vaccinated
index cases

Unvaccinated
index cases

All

Vaccinated
index cases

Unvaccinated
index cases

P-value

(continued on next page)
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Number of cases
The age range of household contacts (year-old)
0-5
6-10
11-20
21-30
31-40
41-50
51-60
61-70
>70
The age range of index case (year-old)
≤20
21-30
31-40
41-50
51-60
61-70
>70
Subvariant
B.1.617.2
B.1.1.7
Mixed B.1.617.2 and B.1.1.7
Unknown
Cycle threshold value
<20
21-30
>30
Duration from the onset of symptoms
0-24 hours
24-48 hours
48-72 hours
>72 hours

Index cases,
N (%)

M. Muadchimkaew, T. Siripongboonsitti, S. Wongpatcharawarakul et al.

Table 2
Secondary attack rate and factors associated with the adjusted odds of infection of household contacts stratiﬁed by index cases and household close contacts.

Factors related to SARS-CoV-2
transmissibilityof index cases

Household size
2
3-4
5-6
>6
Clinical severity of index case
Mild illness
Moderate illness
Severe/ critical illness

Index cases,
N (%)

Household
contacts,
N (%)

Uninfected close contacts,
N (%)

Secondary cases,
N (%)

The secondary attack rate (%)

Vaccinated
index cases

Unvaccinated
index cases

Vaccinated
index cases

Unvaccinated
index cases

All

Vaccinated
index cases

Unvaccinated
index cases

P-value

Adjusted Odds of
infection of
household contacts
with vaccinated
index cases (95%CI)c

195

127 (31.13)
163 (39.95)
76 (18.63)
42 (10.29)

129 (10.95)
406 (34.47)
320 (27.16)
323 (27.42)

36(10.29)
138(39.43)
93(26.57)
83(23.71)

27(9.77)
86(33.59)
66(25.27)
77(30.08)

36 (11.69)
96 (31.17)
91 (29.55)
85 (27.60)

30 (11.36)
86 (32.58)
70 (26.52)
78 (29.55)

51.16
44.83
50.31
50.46

50.00
41.03
49.46
50.60

52.63
50
51.47
50.32

0.767a
0.072a
0.722a
0.961a

Ref.
0.39 (0.08, 1.82)
1.07 (0.20, 5.66)
0.91 (0.14, 6.07)

122 (31.20)
263 (67.26)
6 (1.53)

327 (29.12)
774 (68.92)
22 (1.96)

117 (34.11)
219 (63.85)
7 (2.04)

58 (25.55)
167 (73.57)
2 (0.88)

89(29.67)
208(69.33)
3(1.00)

63 (24.90)
180 (71.15)
10 (3.95)

46.48
50.13
59.0

43.20
48.71
30.00

52.07
51.87
83.33

0.121a
0.382a
0.027b

Ref.
1.73 (0.56, 5.35)
0.99 (0.01, 76.68)

18 (4.17)
54 (13.24)

34 (2.89)
160 (13.58)

12 (3.43)
96 (27.43)

0 (0.00)
0 (0.00)

22 (7.14)
64 (20.78)

0 (0.00)
0 (0.00)

64.71
40.00

64.71
40.00

0
0

-

Ref.
0.07 (0.01, 0.78)

4 (0.98)
155 (37.99)

16 (1.36)
448 (38.03)

3 (0.86)
239 (68.29)

0 (0.00)
0 (0.00)

13 (4.22)
209 (67.86)

0 (0.00)
0 (0.00)

81.25
46.65

81.25
46.65

0
0

-

2.57 (0.04, 172.44)
0.20 (0.02, 1.77)

238 (58.33)
170 (41.67)

684 (58.06)
494 (41.94)

197 (56.29)
153 (43.71)

108 (42.19)
148 (57.81)

231 (75.00)
77 (25.00)

148 (56.06)
116 (43.94)

55.41
39.07

53.97
33.48

57.81
43.94

0.328a
0.017a

Ref.
0.13 (0.04, 0.43)

Living behavior after COVID-19 diagnosis
Shared bedrooms and bathrooms
Separated bedrooms and bathrooms
Separated bedrooms/ Shared bathrooms
Shared bedrooms/ Separated bathrooms
Quarantine in isolation facilities

47 (11.52)
122 (29.90)
49 (12.01)
9 (2.21)
181 (44.36)

110 (9.34)
403 (34.21)
150 (12.73)
27 (2.29)
488 (41.43)

20 (5.71)
155 (44.29)
31 (8.86)
2 (0.57)
142 (40.57)

18 (7.03)
75 (29.30)
30 (11.72)
4 (1.56)
129 (50.39)

41 (13.31)
116 (37.66)
42 (13.64)
12 (3.90)
97 (31.49)

31 (11.74)
57 (21.59)
47 (17.80)
9 (3.41)
120 (45.45)

65.45
42.93
59.33
77.78
44.47

67.21
42.80
57.53
85.71
40.59

63.27
43.18
61.04
69.23
48.19

0.665a
0.943a
0.662a
0.303a
0.091a

Ref.
0.56 (0.01 0.38)
0.17 (0.02, 1.65)
1.77 (0.05, 61.80)
0.05 (0.01, 0.35)

a
b
c

Chi-square test
Fisher’s exact
Multi-level logistic regression
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Index case
Complete vaccination < 14 days (2-dose)
Complete vaccination within 14-90 days
(2-dose)
Complete vaccination >90 days (2-dose)
Incomplete vaccination
Using face mask
Non-wearing face mask
Wearing face mask
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nCoV-19 vaccinated index case was 56.1% after the ﬁrst dose <14
days, but SAR after the second dose had a sample size that was too
small (Table 2, Supplementary Table 5).
The completed two-dose CoronaVac vaccination within 14-90
days demonstrated signiﬁcantly reduced household transmissibility of 69% (OR 0.31, 95% CI 0.10, 0.97, P-value = 0.045). In contrast,
the completed two-dose CoronaVac vaccination <14 days demonstrated an increased risk of transmissibility (OR 77.82, 95% CI 2.22,
2728.76, P-value = 0.016) (Supplementary Table 6).
The SAR was lower in the vaccinated index cases who presented 24-48 hours after the onset of symptoms of index cases
(P-value = 0.042). In severe and critical illnesses, vaccinated index
cases showed lower SAR (30%) than unvaccinated cases (83.33%)
(P-value = 0.027). The asymptomatic vaccinated index cases did
not demonstrate decreased within-household transmissibility. The
SARs for Ct values ≤20, 21-30, and >30 were 55.15%, 44.38%, and
43.40%, respectively, without affecting the risk of transmissibility
in the different Ct values of the index cases.
The lower SAR of household contacts in vaccinated index cases
aged 11-20, 21-30, and 41-50 years than unvaccinated individuals
and those aged 41-50 years showed that vaccinated index cases
had reduced transmissibility (aOR 0.16, 95% CI 0.03, 0.98). Vaccinated index cases aged 21-30 years had a lower SAR (P <0.001),
whereas vaccinated index cases aged 61-70 years had a higher
SAR (P-value = 0.003). Transmissibility was increased among vaccinated index cases aged 41-50 and 51-60 years (aOR 7.73, 95% CI
1.01, 22.17; aOR 9.94 1.35, 73.12) (Table 2).
The SAR was increased in unvaccinated index cases aged >70
years (69.23%), household members aged 11-20 years (63.63%), severe or critical illness (83.33%), and those who shared bedrooms
after being diagnosed with either a shared bathroom or not. In
the vaccinated index case, increased SAR was found in those who
received one dose of CoronaVac <14 days (60%), those who completed two doses of the vaccine >90 days (81.25%), and those who
received two doses of the CoronaVac <14 days (93.75%) and >90
days (81.25%), and those who shared bedrooms, with separated
bathrooms or not (85.71%) (Table 2, Supplementary Table 5).
The overall vaccine effectiveness in preventing household transmission was 26.09%, 95% CI 21.57-30.61. The effectiveness of a twodose vaccination was 23.59%, 95% CI 14.04-33.14 and 5.72%, 95% CI
0.00-13.64 in <14 days, ≥14 days after the second dose, respectively (Supplementary Table 7).
The SAR of the vaccinated index cases who wore a face mask
was 33.48% compared to 43.94% of unvaccinated individuals. The
observation among those who were vaccinated and wore face
masks showed an 87% reduced transmissibility (aOR 0.13, 95% CI
0.04, 0.43), whereas those who did not wear masks were at risk
of transmissibility 7.56 times (aOR 7.56, 95% CI 2.35, 24.34). After primary cases were diagnosed, prompt separation of bedrooms
and bathrooms demonstrated reduced transmissibility (aOR 0.56,
95% CI 0.01, 0.38). Quarantine in facilities reduced transmissibility
(aOR, 0.05; 95% CI 0.01, 0.35) (Table 2, Supplementary Table 5).

vaccinated index cases, resulting in a high SAR without demonstrating the difference between vaccinated and unvaccinated index
cases, which is consistent with a UK study (Singanayagam et al.,
2022).
In addition to vaccination issues, Thai households were
crowded, with extended families, multigeneration members, a culture wherein a family eats meals together, low socioeconomic status, and with more than half sharing bedrooms and bathrooms.
Despite no different property types and the number of household
members indicating increased transmissibility, recent studies have
shown that households with high inoculum with limited living
spaces have increased transmissibility (Cerami et al., 2022). These
constituent effects might explain the rapid, extensive household
transmissibility and widespread transmission with SAR above 50%
in Thai households.
Our results showed that the vaccine effectiveness in preventing within-household transmission after the ﬁrst dose of mostly
ChAdOx1 nCoV-19 and CoronaVac vaccine <14 days and >14 days
was 35.56% and 13.33%, respectively. Although the very low vaccine effectiveness after the second dose, mostly CoronaVac, <14
days and >14 days were 5.72% and 23.59%, respectively. Only a full
dose of CoronaVac within 14-90 days diminished the risk of household transmissibility among close contacts, in the same with the
effect after the ﬁrst dose of ChAdOx1 nCoV-19. The increased risk
of transmission of CoronaVac vaccinated index cases demonstrated
the relatively low effectiveness of CoronaVac after the second dose
<14 days. Recent studies showed that one dose of ChAdOx1 nCoV19 might have a 30% effectiveness among the B.1.617.2 variant
and 48.7% among the Alpha variant. The effectiveness of the two
doses of the ChAdOx1 nCoV-19 vaccine was 74.5% among the B.1.1.7
variant and 67% among the B.1.617.2 variant (Lopez Bernal et al.,
2021a). However, the SAR in unvaccinated contacts exposed to the
Delta variant was 25.8%, and the effectiveness in complete vaccination was 56.4%. A previous study could not demonstrate an association between vaccinated index cases and SARS-CoV-2 acquisition
among contact cases (Ng et al., 2021). Our study implied that SARSCoV-2 acquisition by household contacts depended on the duration
after vaccination and the eﬃcacy and type of vaccines.
The very high SAR in those who received one dose of CoronaVac
<14 days and two doses of CoronaVac >90 days was 93.75% and
81.25%, respectively, which might be from the waning immunity.
Although the neutralizing antibodies might be persistent 6 months
after the second dose, the geometric mean plaque reduction neutralization test 50 and plaque reduction neutralization test 90 were
relatively low after the ﬁrst and second doses of CoronaVac compared with BNT162b2, implying substantially lower effectiveness of
CoronaVac for the prevention of symptomatic cases and protection
of transmission. Therefore, a study recommended a third dose of
CoronaVac 2 months after the second dose to achieve a protective
immunity level. (Lim et al., 2021; Zeng et al., 2022). Encouraging
awareness and implementing basic infection prevention measures
after complete vaccination should be a concern.
However, having no signiﬁcant difference in the SAR and reduced transmissibility among BBIBP-CorV and the second dose
ChAdOx1 nCoV-19 vaccines might be a limitation from a small
population due to the early period of vaccines implemented in
Thailand. The ChAdOx1 nCoV-19 vaccine showed a 99% reduced
transmissibility after the ﬁrst dose <14 days, corresponding with
the UK data that found 5.7% secondary cases and 48% transmissibility reduction (aOR 0.52, 95% CI 0.43-0.62) in households vaccinated with the ChAdOx1 nCoV-19 vaccine ≥21 days compared
with 10.1% secondary cases in the unvaccinated group (Harris et al.,
2021). These ﬁndings correlated with immunogenicity studies and
proved that ChAdOx1 nCoV-19 demonstrated substantial vaccine
effectiveness early at 0-3 and 10-13 days after the ﬁrst dose vaccination (Lopez Bernal et al., 2021b).

Discussion
During the SARS-CoV-2 outbreak that attacked Bangkok,
B.1.617.2 rapidly increased and predominated in July 2021, resulting
in enormous healthcare burdens (Medical Genomics Centre, 2021).
Recent studies demonstrated the eﬃcacy of BNT162b2 and mRNA1273 in reducing household transmission among vaccinated index cases, with a 55% risk reduction (Ng et al., 2021). Our novel
data demonstrated a completed two-dose inactivated or ChAdOx1
nCoV-19 vaccination within 14-90 days reduced within-household
transmissibility. The risk reduction was 7.8% that was less than the
previous study (Ng et al., 2021). However, there were more unvaccinated household contacts among unvaccinated index cases than
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The nucleocapsid immunoglobulin G antibodies were higher in
the vaccinated index cases than in the unvaccinated index cases,
implying a possible longer duration of transmissibility in the vaccinated index cases. Although more natural antibodies were produced in vaccinated index cases, there was no difference in SAR
between seropositive and seronegative index cases. Our data suggested that the high SAR was found within 0-72 hours and peaked
24-48 hours after the onset of symptoms. However, vaccinated index cases had milder and less severe illnesses than unvaccinated
index cases, which was not demonstrated in the Household Transmission Evaluation Dataset (HOSTED) study (Hall et al., 2021; Li
et al., 2021). Severe and critical COVID-19 also had more transmissibility, implying that severe illness might have more symptoms,
less immunity, and possibly delayed viral clearance. Transmissibility evidence shows that infectiousness depends on local immunity
rather than the quantitative virus (Luo et al., 2021). Vaccinated recipients with breakthrough infections may have a more rapid viral
clearance than unvaccinated individuals (Chia et al., 2022; Kissler
et al., 2021).
However, only 0.4% of symptomatic vaccinated index cases had
a duration from onset of symptoms >72 hours. A possible hypothesis is that asymptomatic index cases had a low risk of transmission
owing to the lack of fever, the absence of cough, or negligible risk
of silent transmission, which might be an advantage of vaccination,
despite the prolonged duration of living in households before patients seek medical help.
The study failed to show that lower Ct values or different VOCs
affected the increasing within-household transmissibility, in contrast with NHS data, which demonstrated that the B.1.617.2 caused
an increased transmissibility within-household contacts compared
with the B.1.1.7 variant (OR 1.7, 95% CI 1.48-1.95) (Allen et al., 2022;
Ng et al., 2021; Singanayagam et al., 2022). Although, the SAR of
the B.1.617.2 variant was 49.7% in our study. According to the Department of Medical Sciences Ministry of Public Health data in
Thailand, the B.1.617.2 has infected more than 95% of cases since
July (Department of Medical Sciences, Ministry of Public Health,
2021).
The very high SAR in unvaccinated index cases aged >70 years,
severe illness may be associated with dependent functional status
and comorbidities. The high SAR in households aged 11-20 years
was affected by in-school transmission (Giardina et al., 2021). Although vaccinated index cases had a higher SAR among those aged
61-70 years, this might be due to the immunosenescence effect
(Ranzani et al., 2021). Transmissibility was increased among vaccinated index cases aged 41-50 and 51-60 years (aOR 7.73, 95%
CI 1.01, 22.17; aOR 9.94 1.35, 73.12), although no association was
found and differed from the previous result that revealed less susceptibility and more infectiousness in children and adolescents
(Chu et al., 2021; Li et al., 2021).
Index cases who did not wear masks had a potential sevenfold risk of transmission, whereas, those who wearing face masks,
especially within 0-72 hours from onset of symptoms, reduced
household transmissibility by 87% and might be considered an adjunctive measure. In index cases with very high SAR who shared
bedrooms and either shared bathrooms or not, a prompt separation of bedroom and bathroom when COVID-19 was diagnosed
was essential to minimize transmissibility in addition to awaiting
individuals’ immunity effects (Eikenberry et al., 2020; Pratt et al.,
2021). If home isolation is impossible, providing isolated facilities
might be necessary to control household transmission and reduce
reproductive numbers in the household (Li et al., 2021).
The limitations of this study, we cannot stratify the effectiveness of each vaccine type. The lack of characteristics of SARSCoV-2 acquisition and infection control elements in contact cases
should be cautiously interpreted. The study period was the recent implementation of inactivated and ChAdOx1 nCoV-19 vaccines

in Bangkok and did not include mRNA vaccines. The number of
BBIBP-CorV-vaccinated cases was too small to be described. Comparing to the previous report, we could not evaluate the individual’s household contacts with comorbidities, which had a high SAR
(Madewell et al., 2021). Most households were diagnosed using
rapid antigen tests, which may have misled lower than the actual
SAR.
Our results conﬁrmed that individuals who received two doses
of inactivated or ChAdOx1 nCoV-19 vaccines and were vaccinated
within 14-90 days demonstrated the most signiﬁcant advantage
in preventing household transmission. The SAR was very high in
index cases vaccinated with the CoronaVac within <14 days and
>90 days, indicating that CoronaVac had the most effectiveness 1490 days after the second dose and needed an early booster dose
before 90 days after the second dose. However, the effectiveness
of inactivated and ChAdOx1 nCoV-19 vaccines was relatively low
compared with recent reports, and mRNA vaccines or high-eﬃcacy
vaccines should be implemented in countries with a high SAR
for the highest beneﬁt to prevent within-household transmission.
SARS-CoV-2 vaccination and appropriate booster should be implemented nationwide, especially in unvaccinated and vaccinated individuals with waning immunity. The effect of preventing household transmissibility depends on the period of highest effectiveness of the vaccine and supports the concept of herd immunity
(Aschwanden, 2021). The effect of a heterologous booster vaccination with high-eﬃcacy vaccines after the ﬁrst and second doses
of inactivated vaccination to decrease within-household transmissibility is very important to interrupt the spreading of the virus.
Vaccination in index cases could be a primary measure to prevent within-household transmission, which is a deserving, controllable strategy independent of socioeconomic and emotional factors.
Post-exposure prophylaxis with novel agents to prevent household
transmission needs to be proven in a clinical trial to eradicate the
COVID-19 pandemic.
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