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Abstract: This study aimed to elucidate the household secondary attack rate (HSAR) of the Delta
variant in comparison to the Alpha variant, and evaluate the risk factors among unvaccinated
household contacts of patients with coronavirus disease 2019 (COVID-19). We studied household
contacts of index cases of COVID-19 infected with Delta (L452R mutation), Alpha (N501Y mutation),
and wild strain from December 2020 through November 2021 in Itako, Japan. The HSARs of the
entire household contact, and the contact of index case with Delta variant were calculated and
compared across the risk factors. We used a generalized estimating equation regression model for the
multivariate analysis. We enrolled 1257 unvaccinated contacts from 580 households. The HSAR was
higher in household contacts of index patients with Delta (48.5%) than with Alpha variant (21.7%)
(aOR = 3.34, p = 0.000). In Delta variants, the HSAR was higher in household contacts with spousal
relationships to index patients (63.4%) than contacts with other relationships (45.5%) (aOR 1.94,
p = 0.026), and was lower in household contacts of index patients aged ≤19 (33.1%) than for contacts
of index cases aged 20–59 years (52.6%) (aOR = 0.50, p = 0.027). The result of our study can be used to
devise informed strategy to prevent transmission within households.

Keywords: COVID-19; SARS-CoV-2; Delta variant; Alpha variant; household transmission; secondary
attack rate; unvaccinated; spouse; index patient; Japan

1. Introduction

The Delta variant (phylogenetic assignment of named global outbreak lineage designa-
tion B.1.617.2) is a lineage of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
the virus causing coronavirus disease 2019 (COVID-19). It was first identified in India in
late 2020 and was classified as a variant of concern (VOC) on 11 May 2021 [1]. This variant
was associated with an estimated increase in transmissibility of 97% [2]. SARS-CoV-2
VOCs bearing the L452R spike protein mutation demonstrate increased transmissibility,
infectivity, and avoidance of antibody neutralization [3]. As of 12 November, the Delta
variant cases were reported in 191 countries across all six WHO regions. Furthermore, the
Delta variant has become the dominant strain in Japan and many other countries until the
emergence of Omicron variant [4].

Japan has experienced a surge of COVID-19 cases six times: the first three waves
with wild strain, the fourth wave with Alpha variant that peaked in May 2021, the fifth
wave with Delta variant that peaked in August 2021, and the sixth wave with the ongoing
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Omicron variant. Cases of domestic transmission of Delta-variant was confirmed in the
latter half of May 2021 [5]. The fifth wave of COVID-19, which was primarily caused by
the Delta variant, occurred from the latter half of July 2021 to August 2021 [6,7].

The secondary attack rates of household contacts for COVID-19 are important in
assessing the transmissibility of SARS-CoV-2, and the risk factors for infectivity of index
patients, as well as the susceptibility of contacts [8]. A meta-analysis estimated the house-
hold secondary attack rate (HSAR) to be at 18.9%, which was higher among contacts with
spousal relationships and adult contacts [9].

While studies regarding HSAR of COVID-19 due to wild strain have been pub-
lished in various countries, studies reporting HSAR of Delta SARS-CoV-2 variant remains
sparse [10–15]. HSAR was 26% for Delta variant in Singapore, and 38% for Alpha variant in
Denmark [10,16]. Although the Omicron variant is the current predominant strain, we be-
lieve that studying the transmissibility the Delta variant compared to Alpha variant and its
risk factors are useful for understanding mechanism of viral replacement and intervention
against both the Omicron and Delta variants.

In this study, we specifically attempted to address several questions. First, in Japan,
the Delta variant emerged following the Alpha variant. Therefore, the present study tried
to determine whether the HSAR of COVID-19 patients with Delta strain was higher than
that of patients with the Alpha variant. A previous study reported higher HSAR among
Delta variant cases compared to alpha cases [17].

Second, the present study attempted to identify the risk factors for infection transmis-
sion of Delta variant from index patients to their close contacts. Previous studies on wild
strains reported higher HSARs for spouse contact [18–23], household contacts of young
index patient [24], and diagnostic delay [23,24]. The present study aimed to determine
whether the HSAR for unvaccinated spouse contacts, contacts of index patients with young
age, and with long diagnostic delay were also high in the Delta variant.

Third, understanding the trajectory of HSAR is also important for the evaluation of
an epidemic. Since the number of infections of the fifth wave continuously declined after
September in Japan, the present study aimed to compare HSAR for the Delta strain before
and after the peak of the fifth wave in August.

Although comparison of HSAR between vaccinated and unvaccinated persons is
important, the proportion of vaccinated contacts was small except the aged during Delta
dominant fifth wave in Japan.

This study aimed to elucidate the HSARs of the Delta variant in comparison with the
Alpha strain and assess the risk factors among unvaccinated household contacts of patients
with COVID-19.

2. Materials and Methods
2.1. Study Design

The study used an observational study design.

2.2. Setting

This study was conducted in the jurisdiction of the Itako Public Health Center (PHC)
in Japan. The jurisdictional area is located 80 km from Tokyo, and has a total population of
approximately 265,000.

2.3. Index COVID-19 Cases

The index COVID-19 cases in this study were individuals living in the jurisdiction
with confirmed SARS-CoV-2 infection, as defined by the Itako PHC, from December 2020
through November 2021. The number of confirmed COVID-19 patients living in the
jurisdiction of the Itako PHC was 2454 (0.9%) at the end of November 2021.

In Japan, according to the Infectious Diseases Control Law (The Law; No. 104 in 1998),
the public health center must be notified of all COVID-19 cases [25]. SARS-CoV-2 infections
for the index patients were mainly confirmed using polymerase chain reaction (PCR) tests
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with a cycle threshold value of 40. Part of them were confirmed by antigen quantitative
tests, monoclonal antigen qualitative tests, loop-mediated isothermal amplification tests
(LAMP), or Nicking Enzyme Amplification Reaction (NEAR) by clinicians. The PCR test
was performed if the results of any of the other tests were ambiguous.

The public health center implemented an epidemiological investigation of the patients
based on the Law. The nurses of the public health center interviewed the patients and
collected data on demographics, symptoms, and history of confirmed contact with a
COVID-19 patient.

We defined patients with COVID-19 with apparent exposure to SARS-CoV-2 outside
household as the index case in the household. If no patient with COVID-19 had a history
of exposure to SARS-CoV-2 outside household and several patients with COVID-19 in a
household were symptomatic, the COVID-19 patient who had the earliest symptom onset
date, either vaccinated or unvaccinated, was defined as the index case in a household, and
other members in the household were included as participant contacts. Households with
two members having the same earliest onset date were excluded from the analysis.

2.4. Participant Household Contacts

The participants eligible for this study were the unvaccinated household contacts of
index patients with COVID-19, who are living with the patient, and are usually sleeping
in the same house. Since most of the contacts of patients with wild strain and Alpha
variant were unvaccinated, and the proportion of vaccinated contacts among non-elderly
contacts with the Delta variant was also relatively small, we excluded vaccinated contacts
from the analysis. Unvaccinated was defined as a zero vaccination. If an index case had
no household contact, the household was excluded from the analysis. As the number of
confirmed COVID-19 cases per population in the jurisdiction of the Itako PHC was 0.9%
at the end of November 2021, we assumed that household contacts were susceptible to
SARS-CoV-2 infection.

The PHC implements a law-based bidirectional contact tracing of patients, whether
symptomatic or not [25]. Information on breakup of household contact’s comorbid illness
had not been recorded. Based on the regulations on infectious diseases, Itako PHC collected
PCR test samples on all household contacts of index cases. If a contact had a negative PCR
test result but had a new symptom onset, another PCR test was performed as confirmatory
test.

2.5. Variant Type of SARS-CoV-2 Strains of Participant Contacts

Among unvaccinated COVID-19 contacts, we defined contact of the index case re-
ported up to March 19 as contact with wild type strain cases. In Ibaraki prefecture, the
N501Y mutation was not found in the tests until the 11th week of 2021, and thus, the wild
strains were selected from the participants tested by the 11th week of 2021. The first cases of
virus variants, Alpha variant, were detected between 22 and 28 March 2021 (the 12th week)
in Ibaraki [26].

Contact with the Alpha strain was defined as contact of the index patient with positive
results for N501Y mutation until 20 June 2021 or negative results for L452R mutation after
21 June 2021 among the patient, or the patient’s contacts. Almost all cases with the N501Y
mutation during the study period in Japan were confirmed to be the Alpha variant by RNA
sequencing. The proportion of N501Y mutation was 98.7% in the 23rd week (7–13 June
2021), and the first L452R mutation was detected in the 25th week (21–27 June 2021) in
Ibaraki [26].

Among unvaccinated COVID-19 contacts, we defined contact of the index case with
the L452R variant among the patients or their contacts as contacts of the Delta variant.
In Japan, screening for the L452R mutation was implemented in approximately 40–50%
of samples from July 2021. The L452R mutation is also found in other variant strains of
interest, such as the B.1.617.1 (Kappa) variant. However, almost all cases with the L452R
mutation in Japan have been confirmed to be the Delta variant by RNA sequencing. In
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particular, the domestic number of VOCs confirmed by genome sequencing was 42,721 for
B.1.617.2 (Delta), 47,856 for B.1.1.7 (Alpha), and eight for B.1.617.1 (Kappa) as of September
27 [6].

If the index case was reported after 22 March, and both N501Y and L452R mutation
screening were not performed, or not detected for the index patient and contacts, the
contact was excluded from the study.

2.6. Outcome, Data Collection, and Variables

The outcome of interest in this study was SARS-CoV-2 transmission to household
contacts of index COVID-19 cases. HSAR was defined as proportion of SARS-CoV-2
transmission among household contacts.

Household contacts were interviewed by public health nurses. Through bidirectional
contact tracing after SARS-CoV-2 confirmation, physicians and nurses of the Itako PHC
collected the participants’ demographic data, date of symptom onset, and behaviors prior
to testing [25].

2.7. Statistical Analysis

We described the flow of enrollment and the characteristics of index patients with
COVID-19 and household contacts.

The HSARs in all household contacts were calculated and compared across risk factors
of index cases, household contacts, and viral type. Data are presented as proportions
with percentages and 95% confidence intervals (CIs). For multivariate analyses, we used
a generalized estimating equation (GEE) regression model to adjust for confounding by
household cluster and calculated the adjusted odds ratio (aOR) and p-value.

The HSARs in household contacts of the Delta variant were also calculated and
compared across risk factors of index cases, household contacts, and sample collection
time. Age was classified as ≤19 (child and adolescence), 20–59 (adult), and ≥60 (elders).
The HSAR of the Delta variant was compared among contacts of index patient during
25–31 weeks when they coexisted with the Alpha variant, index patient during 32–34 weeks
when the peak was seen, and index patient after 35 weeks when the infection decreased.

As elder contacts were vaccinated for patients with Delta variants and were not vacci-
nated enough for patients with wild strain and Alpha variant in Japan, we implemented
sensitive analyses by comparing crude HSAR by virus variant among unvaccinated contacts
with age ≤59.

Statistical analyses were performed using R (version 4.4-1; R Foundation for Statistical
Computing, Vienna, Austria). Statistical significance was defined as p < 0.05.

3. Results

Households with a size of not less than two was screened from December 2020
through November 2021, and households without viral strain classification and contacts
vaccinated at least once were excluded. Table 1 shows period, flow of enrolment of index
cases, including test for confirmation, and unvaccinated household contacts. SARS-CoV-2
infections for 76% of index patients and all of contacts were confirmed using PCR test. We
enrolled 1257 household contacts in 580 households (Tables 1 and 2).
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Table 1. Period, flow of enrollment of index cases, including test for confirmation, and house-
hold contacts.

Period
28 March–30
November

2020

1 December–19
March 2021

20 March–14
April 2021

15 April–20
June 2021

21 June–30
November

2021
Total

Pandemic wave in Japan The 1st and 2nd The 3rd The 4th The 5th
No. of all index patients 92 179 28 171 1168

Enrolled as wild strain All
Number of index patient 179 179
Unvaccinated household 459 459

Enrolled as Alpha
variant N501Y (+) L452R (−)

Number of index patient 60 63 123
Unvaccinated household 176 119 295

Enrolled as Delta variant L452R (+)
Number of index patient 278 278
Unvaccinated household 503 503

Number of total enrolled
index patients

0 179 0 60 341 580

Test for confirmation
PCR 149 51 238 438

Antigen test 23 8 85 116
LAMP 7 1 14 22
NEAR 2 2

Unknown 2 2

LAMP; loop-mediated isothermal amplification tests; NEAR; Nicking Enzyme Amplification Reaction; N501Y (+);
N501Y mutation positive; L452R (−); L452R mutation negative; L452R (+); L452R mutation positive.

Table 2. Characteristics of COVID-19 patients, and unvaccinated household contacts.

Variables Index COVID-19 Cases Household Contacts

N 580 1257

Relationship to index patient
Spouse 168 (13.3%)
Other 1089 (86.6%)

Diagnostic delay from onset
≤2 days 390 (67.2%)
≥3 days 173 (29.8%)

Asymptomatic 17 (2.9%)

Sex
Male 322 (55.5%) 607 (48.3%)

Female 258 (44.5%) 650 (51.7%)

Age
≤19 112 (19.3%) 471 (37.4%)

20–59 406 (70.0%) 601 (47.8%)
≥60 62 (10.7%) 185 (14.7%)

Table 3 shows the prevalence of SARS-CoV-2 infection among unvaccinated household
contacts. In total, 390 of 1257 household contacts were infected with SARS-CoV-2, with an
overall HSAR of 31.0%.
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Table 3. Secondary attack rate among unvaccinated household contacts of COVID-19 patients
by factors.

Variables Household Contacts Infected Contacts
Secondary Attack Rate Multivariate Analysis

% (95% CI) aOR (p-Value)

N 1257 390 31.0% (28.5–33.6)

Risk factors in household contacts

Relationship to index patient
Spouse 168 79 47.0% (39.6–54.6) 1.49 (0.022)
Other 1089 311 28.6% (26.0–31.3) 1

Sex
Male 607 179 29.5% (26.0–33.2) 0.85 (0.095)

Female 650 211 32.5% (29.0–36.2) 1

Age
≤19 471 150 31.8% (27.6–36.2) 0.93 (0.56)

20–59 601 186 30.9% (27.4–43.5) 1
≥60 185 54 29.2% (23.1–36.1) 1.14 (0.40)

Risk factors in index COVID-19 cases

Diagnostic delay from onset
≤2 days 825 244 29.6% (26.6–32.8) 1
≥3 days 410 144 35.1% (30.7–39.9) 1.41 (0.051)

Asymptomatic 22 2 9.1% (1.5–29.3) 0.15 (0.074)

Sex
Male 702 220 31.3% (28.0–34.9) 0.99 (0.96)

Female 555 170 30.6% (26.9–34.6) 1

Age
≤19 208 56 26.9% (21.4–33.4) 0.51 (0.006)

20–59 949 306 32.2% (29.3–35.3) 1
≥60 100 28 28.0% (20.1–37.6) 1.11 (0.72)

Viral type
Wild type 459 82 17.9% (14.6–21.7) 0.80 (0.37)

Alpha 295 64 21.7% (17.4–26.8) 1
Delta- 503 244 48.5% (44.2–52.9) 3.339 (0.000)

All variables were included in the analysis.

The HSAR was higher for household contacts with spousal relationships to index
COVID-19 patients (47.0%) compared to contacts with other relationships (28.6%) (aOR
1.49, p = 0.022). The HSAR was lower for household contacts of index patients aged less
than 20 years (26.9%) than for contacts of index cases aged between 20 and 59 years (32.2%)
(aOR = 0.51, p = 0.006). The HSAR was higher for household contacts of index patients
with ≥3 days of diagnostic delay (35.1%) than for contacts of index cases with ≤2 days of
diagnostic delay (29.6%), but the difference was not significant (p = 0.051).

The HSAR was higher for household contacts of index patients with Delta variant
(48.5%) than for contacts of index cases with Alpha variant (21.7%) (aOR = 3.34, p = 0.000).

When the multivariate analysis was implemented with the wild type as reference, the
HSAR was higher for household contacts of index patients with Delta variant (48.5%) than
for contacts of index cases with wild type (17.9%) (aOR = 4.26, p = 0.00).

Table 4 shows the prevalence of SARS-CoV-2 infection in 503 unvaccinated household
contacts of the index patient with the Delta variant. In total, 244 household contacts were
infected with SARS-CoV-2; the overall HSAR was 48.5%.
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Table 4. Secondary attack rate among unvaccinated household contacts of COVID-19 patients with
Delta variant.

Variables Household Contacts Infected Contacts
Secondary Attack Rate Multivariate Analysis

% (95% CI) aOR (p-Value)

N 503 244 48.5% (44.2–52.9)

Risk factors in household contacts

Relationship to index patient
Spouse 85 54 63.4% (52.9–73.0) 1.94 (0.026)
Other 418 190 45.5% (40.7–50.2) 1

Sex
Male 242 110 45.5% (39.3–51.8) 0.71 (0.55)

Female 261 134 51.3% (45.3–57.3) 1

Age
≤19 239 115 48.1% (41.9–54.4) 1.33 (0.19)

20–59 230 109 47.4% (41.0–53.8) 1
≥60 34 20 58.8% (42.2–73.6) 1.65 (0.19)

Risk factors in index COVID-19 cases

Diagnostic delay from onset
≤2 days 337 152 45.1% (39.9–50.4) 1
≥3 days 155 90 58.1% (50.2–65.5) 1.66 (0.051)

Asymptomatic 11 2 18.2% (4.3–49.0) 0.23 (0.18)

Sex
Male 267 129 48.3% (42.4–54.3) 0.98 (0.92)

Female 236 115 48.7% (42.4–55.1) 1

Age
≤19 121 40 33.1% (25.3–41.9) 0.50 (0.027)

20–59 365 192 52.6% (47.5–57.7) 1
≥60 17 12 70.6% (46.5–86.8) 1.87(0.22)

Week of collecting sample
25–31 165 80 48.5% (41.0–56.1) 1
32–34 251 128 50.1% (44.8–57.1) 1.36 (0.25)

35– 87 36 41.4% (31.6–51.9) 0.86 (0.70)

Vaccination
None 452 214 47.3% (42.8–52.0) 1
1–2 51 30 58.8% (45.1–71.2) 1.30 (0.49)

All variables were included in the analysis. CI = confidence interval.

The HSAR was higher for household contacts with spousal relationships to index
COVID-19 patients (63.4%) than for contacts with other relationships (45.5%) (aOR 1.94,
p = 0.026). The HSAR was lower for household contacts of index patients aged less than
20 years (33.1%) than for contacts of index cases aged between 20 and 59 years (52.6%)
(aOR = 0.50, p = 0.027). The HSAR was higher for household contacts of index patients
with ≥3 days of diagnostic delay (58.1%) than for contacts of index cases with ≤2 days of
diagnostic delay (45.1%), but the difference was not significant (p = 0.051).

The HSAR was not significantly different among the contacts in the three periods
for sample collection in the index patients. The HSAR was not significantly different
for household contacts of vaccinated index patients (58.8%) compared with contacts of
unvaccinated index cases (47.3%).

Table 5 shows the prevalence of SARS-CoV-2 infection among household contacts
aged ≤59 years by virus strain as a result of sensitive analyses. The crude HSAR was higher
for household contacts of index patients with Delta variant than for contacts of index cases
with Alpha and wild type.
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Table 5. Secondary attack rate among unvaccinated household contacts with age ≤59 by virus type.

Variables Household Contacts Infected Contacts
Secondary Attack Rate

% (95% CI)

N 1104 354 32.1% (29.4–34.9)

Total
Wild type 345 51 14.8% (11.4–19.0)

Alpha 258 61 23.6% (18.9–29.2)
Delta 501 242 48.3% (44.0–52.7)

CI = confidence interval.

4. Discussion

The secondary attack rate among unvaccinated household contacts of COVID-19
was 31% in Itako, Japan, from December 2020 through November 2021. The HSAR of
unvaccinated contacts of the index patient with the Delta variant was 48%. Previous studies
reported that HSAR among unvaccinated, or mainly unvaccinated households were 26% in
Singapore [10], 35% in Thailand [11], 38% and 28% in Korea [12,13], 53% in USA [14], and
22% for household of unvaccinated index patients in Netherland [15]. The HSAR in the
present study is relatively similar to the previous studies.

The HSAR was higher for unvaccinated household contacts of index patient with
Delta variant (48%) than for unvaccinated contacts of index cases with Alpha variant (22%)
(aOR = 3.3, p = 0.000). Among unvaccinated contacts aged ≤59 years, the crude HSAR
in the Delta variant was 48%, which was significantly higher than the 24% in the Alpha
variant. In a previous study, the adjusted odds ratio of household transmission was 1.70
among Delta variant cases compared to Alpha variant cases in England [17], which was
corroborated by the result of the present study. In both England and Japan, the Delta
variant replaced the Alpha variant, which can be attributed to the increased transmissibility
of the Delta variant compared with the Alpha variant. It is necessary to compare HSAR
between Omicron variant and Delta variant among both unvaccinated and vaccinated
people since Omicron variant has significantly surpassed Delta variant.

In the Delta variant, the HSAR for contacts with a spousal relationship was 63%,
which was significantly higher than the 45% for non-spousal contacts. To the best of our
knowledge, no studies have reported higher HSAR for spousal contacts of the Delta variant.
This result was consistent with the findings of several previous studies reporting a higher
HSAR for spouses among contacts of patients with wild strains [18–23]. The spousal contact
and the index case may spend longer periods of time together within the same household
compared with other household members.

In the Delta variant, the HSAR was significantly higher in unvaccinated contacts
of index patients aged ≤19 years compared with contacts of index patients age 20–59.
Prevention of transmission from children and young people may be especially important
for preventing spread of transmission in the community. A previous study reported higher
HSAR for households of young index patients with wild strains [24]. The reason of higher
HSAR in contacts of index cases younger than 20 years is not apparent. Differences of
viral shedding, proximity to other households, staying period in the household among age
groups might be related to it, and are necessary to be studied.

In Delta variants, the HSAR was 45% for unvaccinated household contacts of index
patients with ≤2 days of diagnostic delay, and lower than 58% for contacts of index patients
with ≥3 days of diagnostic delay; however, the difference was not significant. In previous
studies in Japan, the long diagnostic delay of COVID-19 index patients was associated with
a high HSAR for household contacts [23,24]. A study using a mathematical model showed
that the delay between symptom onset and isolation played a major role in controlling the
COVID-19 outbreak [27].
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There was no change in the HSAR of the Delta variant over time, although the fifth
wave of COVID-19 in Japan, mainly caused by the Delta variant, declined continuously
after September 2021 [6,7].

The present study was implemented by the governmental body in charge of all COVID-
19 cases in the jurisdiction. As the cumulative incidence of confirmed COVID-19 per
population in the jurisdiction was low during the study period, we assumed that household
contacts were susceptible to infection.

This study had several limitations. First, we basically performed the PCR test only
once unless an asymptomatic contact became symptomatic during quarantine period,
potentially missing infected contacts. Second, the associated household environmental
factors, including the level of crowding, lifestyle, precaution measures of each contact, and
proximity of contacts to the index cases, were not evaluated. Third, we defined the patient
with the earliest onset date as the index case in a household without any COVID-19 cases
with apparent exposure to SARS-CoV-2. It is possible that the index cases might have been
misclassified as secondary cases. Last, the Delta and Alpha variants were mainly confirmed
by the L452R and N501Y mutations, respectively. However, genome sequencing revealed a
coincidence between the mutation and the variant in Japan; the mutations could substitute
the viral strains [6].

Further studies are necessary to analyze the association between HSAR and factors,
such as variants of the virus, vaccination status, environmental factors, and other risk
factors of index patient and household contact.

It is also necessary to continue surveillance of epidemiological data and other VOCs,
including Omicron variants.

5. Conclusions

The HSAR was higher in unvaccinated household contacts of index patients with
Delta variant than for contacts of index cases with Alpha variant. In the Delta variant, the
HSAR was higher in unvaccinated household contacts with spousal relationships, and was
lower in household contacts of index patients aged <20 years than for contacts of index
cases aged between 20 and 59 years.
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