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SUMMARY

Objectives: To measure secondary attack rates (SARs) in prospectively followed household contacts of
paediatric and adult cases of SARS-CoV-2 infection in England.
Methods: Self-taken nasal swabs from household contacts of PCR confirmed cases of COVID-19 and blood
samples on day 35 were tested for evidence of infection with SARS-CoV-2 virus.
Results: The secondary attack rate (SAR) among 431 contacts of 172 symptomatic index cases was 33%
(95% confidence intervals [CI] 25-40) and was lower from primary cases without respiratory symptoms,
6% (CI 0-14) vs 37% (CI 29-45), p = 0.030. The SAR from index cases <11 years was 25% (CI 12-38).
SARs ranged from 16% (4-28) in contacts <11 years old to 36% (CI 28-45) in contacts aged 19-54 years
(p = 0.119). The proportion infected who developed symptoms (78%) was similar by age (p = 0.44) though
<19 year olds had fewer mean number of symptoms than adults (p = 0.001) and fewer reported loss of
sense of taste or smell (p = 0.0001).
Conclusions: : There are high risks of transmission of SARS-CoV-2 virus in the home, including those
where infection is introduced by a child. The risk of children acquiring infection was lower than that in
adults and fewer developed typical symptoms of Covid-19 infection.

© 2021 Published by Elsevier Ltd on behalf of The British Infection Association.

Introduction

mission and the proportion of contacts infected without symp-
toms.! As the pandemic progressed, a further key question to

Following the emergence of the SARS-CoV-2 virus in early
2020, the World Health Organisation recommended that prospec-
tive studies should be conducted in the household setting to better
understand the infectivity of the virus, the risk factors for trans-
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emerge in relation to the need for school closures was the extent
to which children were able to transmit the virus to others and, if
exposed, their likelihood of becoming infected.

A number of household transmission studies have now been
published with a wide range of estimated secondary attack rates.
A systematic review found significant heterogeneity in attack rates
between the 54 included household studies, ranging from 7% to
45% with a weighted mean of 16.6%.> This heterogeneity is per-
haps unsurprising given the variation in study methods, such as
the frequency and type of PCR testing, whether all contacts or only
symptomatic contacts were tested, the definition used for cate-
gorising an index case and whether the studies were retrospective
or prospective. The review, which excluded studies using serology
to identify infected contacts, was unable to provide an estimate of

0163-4453/© 2021 Published by Elsevier Ltd on behalf of The British Infection Association.
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the risk of transmission from children or from asymptomatically
infected index cases.

At the end of March 2020, Public Health England (PHE) began
a prospective follow up of households with a PCR confirmed in-
dex case in the community. As widespread community testing was
not initially available in England,®> the sentinel surveillance net-
work of the Royal College of General Practitioners (RCGP) Research
and Surveillance Centre (RSC) the English primary care sentinel
surveillance network was used to recruit index cases, the majority
of whom were adults.* Once widespread community testing was
established, recruitment was focussed on index cases who were
children. On identification of the index case, household members
were followed up for clinical symptoms, and virological and sero-
logical evidence of SARS-CoV-2 infection. This paper reports the
secondary infection rate in household contacts by age of both the
index case and contact, the clinical presentation in the prospec-
tively ascertained household cases and the accuracy of different
symptoms in identifying those infected. Duration and quantity of
viral shedding in relation to symptom onset and risk factors for
transmission in the household setting are also reported.

Materials and methods
Recruitment and follow up

Cases of PCR confirmed SARS-CoV-2 infection reported to the
PHE National Infection Service between 30th March and 17th
November were telephoned by a study nurse to ask whether they
and their household members would agree to take part in an
enhanced surveillance of transmission in the household setting.
Households with at least one other member not already known to
be PCR positive were recruited. Symptoms in index cases and con-
tacts were solicited through a standard questionnaire administered
by the study nurses on the day of initial telephone contact (day 1)
and again 14 days later. Packs containing virus transport medium
and swabs for all household members to take their own nasal swab
samples on receipt and again 7 days later, together with swabs
for a self-taken oral fluid (OF) sample, were posted to house-
holds on day 1. Samples were posted back to the PHE Virus Refer-
ence Department (VRD), and from May 19th 2020 were couriered
back. Diaries and thermometers were provided for daily record-
ing of symptoms by each household member for 14 days starting
on day 1 with diaries returned by post when completed. Solicited
symptoms in the nurse questionnaires and diaries were: fever,
cough, runny nose, sore throat, shortness of breath, loss of taste
or smell, nausea, diarrhoea, fatigue, muscle/body pain, headache or
other.

Approximately 5 weeks after day 1 venous blood samples were
taken from consenting household members by the GP for an
RCGP RSC recruited household or a trained phlebotomist who vis-
ited the home. A second OF swab was obtained at the same
time.

Governance

The household surveillance protocol was approved by the PHE
Research Ethics and Governance Group as part of the portfolio of
PHE’s enhanced surveillance activities in response to the pandemic
and thus not requiring review by the NHS Health Research Au-
thority (HRA) or the Confidentiality Advisory Group of the HRA.
Oral informed consent for sampling and follow up was obtained
by the nurses from household members who were free to de-
cline to participate in the surveillance at any time. Consent for
children was obtained by a parent or legal guardian. Test results
were provided to GPs and to household members with interpre-
tation and advice about compliance with national guidelines with
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respect to self -isolation if appropriate. The RCGP RSC’s sentinel
surveillance role is approved by the PHE Caldicott Guardian, under
Regulation 3 of the Health Service (Control of Patient Information)
Regulations 2002.

Laboratory testing

For index cases recruited from the RCGP sentinel surveillance
the initial confirmatory swab was tested by the PHE VRD using a
real-time reverse transcription (RT)-PCR with cycle threshold (Ct)
values <39 considered positive.” For index cases recruited via the
network of community testing laboratories (termed Pillar 2 labo-
ratories) a variety of RT-PCR assays were used.® Nasal swabs taken
from index cases and household members were tested at VRD by
RT-PCR with virus culture conducted on PCR positive samples that
were couriered in.

Day 35 blood samples were tested for IgG antibody to the nu-
cleocapsid protein (NP) by a commercial NP assay and also by an
in-house ELISA that used the receptor binding domain (RBD) as
antigen (PHE,UK) as previously described.” The cut-off for antibody
positivity used in the analyses were >0.8 for the Abbott assay and
>5.0 for the RBD ELISA. Both assays have shown high specificity
at these cut-offs in serum samples taken before the emergence of
SARS-CoV-2, 99.1% (96% confidence intervals [CIs] 98.4-99.6) for
the Abbott and 98% (97.0-98.8) for the RBD ELISA (PHE unpub-
lished). For participants with no day 35 blood sample but with
a Day 35 OF sample, this was tested for antibodies to the spike
and nucleocapsid proteins by an in-house IgG capture ELISA with
a specificity of 99% for antibodies to both antigens and a sensitiv-
ity of 76% and 82%, respectively for the spike and NP assays (PHE
unpublished). A household contact was defined as infected if PCR
positive on either of the two self-taken nasal swabs and/or anti-
body positive at 35 days by either the Abbott or RBD assay, or in
the day 35 OF antibody assay.

Statistical analysis

For estimation of secondary attack rates (SARs), the primary
analysis excluded households in which the index case was not the
primary case (i.e. with an infected household contact with symp-
tom onset before or on the same day or day after the index case)
and antibody positive PCR negative asymptomatic contacts whose
timing of infection could not be established. In a sensitivity analy-
sis SARs were estimated only with exclusion of household contacts
who were prior or co-primary cases For both analyses only con-
tacts with a day 35 blood or OF antibody result were included due
to the low sensitivity of the self-administered nasal swabs in de-
tecting infected contacts. Ages of index cases and contacts were
grouped into <10, 11-18, 18-54, >55 years to broadly represent
primary and secondary school-age children, young adults and par-
ents with young children, and older adults

Because of the potential for false positive PCR test results on
the index case’s initial swab, particularly from June to end Au-
gust® when the incidence of SARS-CoV-2 infections in England was
low,%- 10 any household in which infection in the index case could
not be confirmed by repeat PCR testing or development of antibod-
ies to SARS-CoV-2, and with no infected household contacts, were
excluded from the analysis.

A normal errors regression model was used to investigate the
effect of age, presence of symptoms, symptom severity, gender
and presence of a co-morbidity, after adjustment for interval from
symptom onset, on factors associated with Ct value (as a continu-
ous variable) in PCR positive contacts.
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Pillar 2

151 Households (Index cases)
442 contacts

Excluded: 8 HH who were lost to FU
v 10 index and 23 contacts)

143 Households (Index cases)
419 contacts

Excluded: 40 HH with false Positive
v Index cases (40 index and 123

103 Households (Index cases)
296 contacts

contacts)

1) Excluded: 13 HH where index case

90 Households (Index cases)
257 contacts

had no blood (13 index and 39
contacts)

«

455 contacts

181 Households (Index cases)

v

Excluded 3 CONTACTS WITH NO

452 contacts

181 Households (Index cases)

SWABS OR BLOODS

Fig. 1. Flow diagram of study population and post-recruitment exclusions.

Table 1
Demographic and clinical features of the 181 index cases and 452 household contacts.
Feature Level
Household size (total number of participating individuals) 2
3
4
5
6
>7
Gender Female
Male
Age group (years) 0to 10
11 to 18
19 to 54
>=55
Any Comorbidity No
Yes

Type of Comorbidity
(Subjects may have >1)

Medicated asthma
Diabetes

Respiratory disease
Neurological condition
Heart disease
Liver/kidney disease
Immune compromised
Malignancy

INDEX CASES (N = 181)  CONTACTS (N = 452)
43 (24%) 43 (10%)
42 (23%) 84  (19%)
65  (36%) 193 (43%)
25 (14%) 99 (22%)
4 (2% 20 (4%)
2 (1%) 13 (2%)
103 (57%) 226 (50%)
78 (43%) 226 (50%)
37 (20%) 93 (21%)
55 (30%) 80  (18%)
66  (37%) 233 (51%)
23 (13%) 46 (10%)
149  (82%) 380 (84%)
32 (18%) 72 (16%)
17 (9%) 43 (10%)
7 (4%) 11 (2%)
1 (1%) 5 (1%)
5 (3%) 4 (1%)
6 (3%) 6 (1%)
2 (1%) 6 (1%)
3 (2% 6 (1%)
1 (<1%) 7 (2%)

Results
Surveillance population

The numbers of index cases and contacts recruited and the
numbers included in the analysis are shown in Fig. 1. In 40 house-
holds, clustering among those recruited via Pillar 2 testing in June
and July, infection in the index case could not be confirmed. All
index cases were under 19 years old (as recruitment in this pe-
riod was restricted to this age group) and all were antibody neg-
ative at 35 days and PCR negative in subsequent swabs as were
all their household contacts. A further 13 households with a Pil-
lar 2 index case recruited in June and July who did not provide
a day 35 blood sample were also excluded based on negative PCR
tests from the index case and all family members none of whom
was antibody positive. Of the 92 index cases recruited via the RCGP
sentinel surveillance prior to June only one was excluded as a false
positive; the Ct value in the initial PCR surveillance swab from this
index case was 39.

The demographic and clinical features of the remaining 181 in-
dex cases and the 452 contacts are shown in Table 1. Health and
social care workers comprised 47 (26%) index cases, with a further
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11 (6%) in occupations such as bus drivers that required continuing
public interaction despite the national lockdown in England from
late March to June 2020; 91 index cases (50%) were pre-school
or school children recruited from June onwards when recruitment
was focussed on this age group. During this period nurseries and
schools were closed except for children of key workers. One hun-
dred and forty nine (82%) index cases said they were isolating from
other household members after diagnosis and eight (4.4%) required
hospital admission.

Nine index cases with antibody at 35 days had no symptoms.
None had PCR positive contacts and 7 of the 9 had OF samples
taken at Day 1 of which five were antibody positive indicating in-
fection from an earlier exposure. All 9 index cases were recruited
during the low incidence summer period when there was a high
false positive rate among the index cases. These nine index cases
and their 21 contacts were therefore excluded, leaving a total of
431 contacts in 172 households in the final analysis.

Secondary attack rates

One or more swabs from 91 (21.1%) of the 431 contacts were
PCR positive and antibodies to SARS-CoV-2 were found in 180
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Secondary attack rates in contacts with a serological or oral fluid outcome. Analysis excludes
55 households with a prior or co-primary case and 22 asymptomatic antibody positive PCR
negative contacts whose timing of infection could not be established.

Factor Level

All
Gender of contact

Age of contact (years)

Gender of index case

Age of index case

Index case self isolating

Household size

Minimum Ct value in index case

Index case with loss taste/ smell
TIndex case with respiratory symptoms
2Index case with gastro symptoms

3Index case with systemic symptoms

n/N % (95% CI) P-value
75/248  33% (25-40)
Female 34/120 31%(22-39) 0.516
Male 41/128  34% (25-43)
0tol0  7/40 16% (4-28)  0.119
11to18 11/40 33% (19-48)
19to54  49/145  36% (28-45)
~=55 823 32% (14-51)
Female 42/139 33% (23-42) 0.998
Male 33/109  32% (22-43)
0to10 14/61 25% (12-38)  0.346
11t018  26/94  30% (19-41)
19to54  26/73  36% (23-49)
>=55 9/20 49% (24-73)
No 8/29 30% (10-51)  0.844
Yes 66/217 33% (25-40)
2 15/28  54% (35-72)  0.009
3 18/52 35% (20-50)  (trend)
4 29/110 28% (18-38)
5+ 13/58  21% (8-35)
35-40  12/38  31%(13-48) 0.44
30-34  13/40  33%(17-50)  (trend)
25-29  13/36  38% (20-56)
20-24  13/43  33% (16-51)
<20 6/14 45% (16-74)
No 20/77 28% (16-40) 0.262
Yes 53/153  37% (28-46)
No 2/38 6% (0-14) 0.003
Yes 73/210 37% (29-45)
No 29/103  30% (19-40) 0.526
Yes 46/145  34% (25-44)
No 222 10% (0-24) 0.048
Yes 73/226  35% (27-42)

1. Cough

shortness of breath

sore throat

runny nose

2. Nausea and diarrhoea
3. Fever

headache

fatigue

muscle/body pain

(46.9%) of the 383 contacts with a 35 day blood or OF sample.
Overall, 194 of the 431 contacts (45.0%) had PCR and/or antibody
evidence of infection. In contrast to the index children excluded
as false positives, all 22 contacts aged under 19 years of age who
were PCR positive and provided a 35 day blood or OF sample were
antibody positive.

The SARs with exclusion of 55 households with prior or co-
primary cases, and PCR negative asymptomatic contacts, is shown
in Table 2. In these prospectively followed households, 75/248
(33%) contacts were infected with an inverse relationship between
household size and transmission rates. SARs in contacts under 11
years of age (16%) were lower than in older age groups though
the trend with age was not significant (p = 0.119), neither did age
of the index case significantly affect SARs (p = 0.346). Contacts
in households in which the index case reported that they were
isolating from other members did not experience a lower attack
rate, nor was there evidence of a relationship between SAR and
the minimum Ct value in the PCR positive swabs from the index
case. SARs from index cases with respiratory or systemic symptoms
were significantly higher than in those without such symptoms.

In the sensitivity analysis with just exclusion of any prior or
co-primary cases results, 121/324 (39%) contacts were infected.
Overall results were similar though unlike the primary analysis
(Table 2) the inverse relationship between household size and SAR
was not significant. (Table S1)

486

Symptoms in infected contacts

Of the 121 prospectively identified infected contacts, 94 (78%)
reported at least one of the solicited symptoms. The proportion
with symptomatic infection was similar across the age groups
(Table 3). However, loss of sense of taste or smell was less com-
monly reported in under 19 year olds than in older age groups
(p = 0.0001). Children also had fewer mean number of symptoms
(p = 001). Among those with co-morbidities a similar proportion
reported symptoms as in those without a co-morbidity.

Serial intervals

The serial intervals between symptom onset in index and sec-
ondary cases after exclusion of infected contacts with onsets before
or within a day of the index case are shown in Fig. 2. The median
serial interval was 5 days with the interquartile range 3-8 days.
The clustering around days 3, 7-9 and 13-15 suggests sequential
transmission in the household.

Factors affecting PCR positivity and CT values

Among the total of 180 contacts with antibody evidence of in-
fection, 77 (43%) had one or more positive PCR swabs. The pro-
portion PCR positive among infected contacts was similar in those
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Table 3
Clinical features in 121 prospectively followed infected contacts (prior and co-primary infected contacts excluded).
Feature Level n/N % (95% CI) P-value
Proportion reporting one or more solicited symptoms 94/121 78%
Proportion with one or more solicited symptoms by age (years) 0 to10 13/18 72% 0.440
11to18  15/21 71%
19to54  57/69 83%
>=55 9/13 69%
Proportion with symptoms by presence of co-morbidity None 73/96 76% 0.590
Any 21/25 84%
Proportion symptomatic with respiratory symptoms 0 to10 9/13 69%
11to18  15/15 100% P = 0.034
19to54  53/57 93%
>=55 9/9 100%
Proportion symptomatic with loss of taste/smell 0 to10 3/12* 25%
11to18  4/15 27% P = 0.0001
19to54  39/57 68%
>=55 6/9 67%
Proportion symptomatic with systemic symptoms 0 to10 13/13 109 4 0%
11to18  14/15 93% P = 0.635
19to54  56/57 98%
>=55 9/9 100%
Mean number of symptoms 0 to10 4.4
11to18 5.8 P = 0.001
19to54 7.4
>=55 7.4
*symptom not known for one child_
30
25
Number
20
L
10 I I I
L
o I I I I I = B I - I - .
- 3 4 5 6 e 4 8 9 10 11 12 13 14 15 16 37 18

Days between symptom onset in contact and index case

Fig. 2. Serial intervals within households: days between symptom onset in index and contact.

Table 4

Proportion of nasal swabs PCR positive, and mean Ct values in PCR positive swabs by time since onset of
symptoms in infected contacts and index cases; first and second nasal swab combined.

interval from symptom onset  PCR Positive
-7 to -1 2

0to2 11

3to6 35

7t09 45

10 to 13 37

14 to 20 27

21 to 27 4

28+ 3

Total 164

Total tested % PCR Positive (95% CI) mean Ct
11 18.2% (2.3-51.8) 23.22
21 52.4% (29.8-74.3) 27.34
56 62.5% (48.5-75.1) 27.33
85 52.9% (41.8-63.9) 30.02
128 28.9% (21.2-37.6) 32.95
197 13.7% (9.2-19.3) 34.88
71 5.6% (1.6-13.8) 36.35
34 8.8% (1.9-23.7) 36.51
603 27.2% (23.7-3u0.9) 30.94

*95% CI does not account for some individuals contributing two samples.

with and without symptoms and by age (Table S2). PCR positiv-
ity in index cases and symptomatic infected contacts was highest
when swabs were taken within 9 days of symptom onset, with the
lowest Ct values found prior to symptom onset (Table 4). Persis-
tent PCR positivity for more than 21 days after onset was found in
14.4% of swabs. Virus culture was carried out for 48 PCR positive
swabs couriered to the laboratory of which 9 were culture posi-
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tive (6/8 with a Ct value <25, 2/10 with a Ct value 25-<32 and
1/30 with a higher Ct value >32); no PCR positive swabs taken
more than 7 days after symptom onset yielded viable virus. In the
normal errors regression model after adjustment for interval from
symptom onset, Ct values were lower in contacts than index cases
(p = 0.015) and were lower in contacts with a shorter serial inter-
val (p = 0.02).
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Sensitivity (% Infected with symptom) and positive predictive value of symptoms in contacts with a serological or oral fluid outcome, includes prior and co-

primary cases.

Reported symptoms A: Infected (N = 180) with symptom

Fever + cough + loss taste/smell 42 (23%)
At least 2 of the above 90 (50%)
At least one of the above 132 (73%)
Other solicited symptom* 21 (11.7%)
Any solicited symptom 153 (85%)

B: Uninfected (N = 203) with symptom  Positive predictive value A/JA + B
3 (1%) 93%
15 (7%) 86%
64 (32%) 67%
43 (21%) 33%

107 (53%)

59%

*Includes runny nose, sore throat, shortness of breath, nausea, diarrhoea, fatigue, muscle/body pain, headache.

Sensitivity and positive predictive value of different symptoms

Among the 180 contacts with serological evidence of infection
(i.e. including those with symptom onset prior to the index case)
one or more of the solicited symptoms were reported by 153 (85%)
compared with 107 (53%) of uninfected contacts (Table 5). Report-
ing at least one of the three symptoms that are triggers for com-
munity testing (fever, cough, loss of sense of taste or smell) had
a sensitivity of 73% and captured 132/153 (86%) of all the symp-
tomatic infected contacts. Among the 203 contacts without sero-
logical evidence of infection, 64 (32%) reported at least one of
these three symptoms, though only 7% reported at least two and
only 1% reported all three symptoms. The positive predictive value
of different symptoms in this household study in which nearly half
of the contacts were infected, was high with 67% of those report-
ing one or more of fever, cough or loss sense taste/smell being in-
fected.

Discussion

This prospective study of household transmission of SARS-CoV-
2 shows high secondary attack rates when individuals are exposed
in the home. Even after exclusion of asymptomatic antibody posi-
tive PCR negative contacts whose infection may have occurred in
the past, evidence of transmission in the household setting was
found in a third of contacts (Table 2). The risk of a primary case
transmitting to other household contacts was lower in those with-
out respiratory or systemic symptoms and was similar by age of
the index case with a quarter of children under 11 years of age
transmitting to another household member. When exposed in the
home, children under 11 years of age had the lowest secondary at-
tack rate though this was still substantial at 16%. Infected children
were as likely as adults to report symptoms though they had fewer
symptoms overall and were about two and a half times less likely
than adults to report loss of taste or smell, a highly specific symp-
tom for SARS-CoV-2 infection.

In this study self-isolation measures by the index cases to limit
spread to other household members seemed ineffective. While the
rigour with which self-isolation was followed could not be as-
sessed, the lack of effect is consistent with the high infectivity of
cases before symptom onset as shown by the Ct values in PCR pos-
itive swabs taken in this time period. Also with the short serial in-
terval between onsets many contacts will already be incubating the
infection by the time the PCR result in the index case is received
and in some households (30% of those recruited in our study) there
will be infected contacts with onset before that in the index case
who were not tested. Use of routine testing data to assess house-
hold transmission rates, as recently reported,'! can therefore be
misleading as the index case may not be the primary case in the
household and many secondary cases may not be tested and re-
main undiagnosed. This is illustrated by the results of the HOSTED
study in which routine Pillar 2 testing data was used to assess sec-
ondary attack rates in households and reported that only 5.5% of
contacts were infected. 1!
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Our results show higher household transmission risks than re-
ported in a meta-analysis of household transmission studies in
which the weighted mean for the secondary attack rate was 16.6%
(95% CI 14.0%—19.3%).> However this analysis excluded studies that
used antibody tests to diagnose infected contacts. In our study
the secondary attack rate just based on PCR positive swabs from
household contacts was similar at 16.9% whereas with the inclu-
sion of serological testing the proportion infected more than dou-
bled. It seems unlikely that the majority of the antibody posi-
tive PCR negative contacts had prior infection outside the home as
most developed typical symptoms with onsets clustering around
3-5 days after the primary case. In our study the quality of the
self-taken nasal swabs was likely to be variable and the timing of
the day 1 and 7 swabs was not necessarily optimal in relation to
symptom onset. In a smaller prospective household study in the
United States in which contacts took daily nasal swabs for 14 days
a secondary infection rate of 35% (95% CI 28%-43%) was found af-
ter exclusion of co-primary cases, similar to that in our study with
inclusion of serology;'? the transmission risk from children who
were the index cases was similar to that from adults and the risk
of acquiring infection from an index case was similar for children
and adults, mirroring the results of our study.

The overall proportion of prospectively ascertained infected
contacts who did not develop symptoms (22%) was similar to that
reported in a meta-analysis of outbreaks in closed or residential
settings that found an overall rate of asymptomatic infection of 17%
(95% CI 13%—20%) and evidence of a 42% lower risk of transmis-
sion.!> We were unable to assess transmission risk from asymp-
tomatic cases as only nine were recruited and in none could a
current infection be confirmed. Our study showed that some of
the symptoms reported in infected contacts were likely to be non-
specific background symptoms unrelated to SARS-CoV-2 infection
as 53% of uninfected contacts reported at least one of the solicited
symptoms before or during the 14 day follow up period (Table 5).
When restricting symptoms to cough, fever and loss of sense of
taste/smell the positive predictive value for infection was high in
our household contact population in which 47% were infected but
in a population with a substantially lower prevalence of infection,
such as in the general population presenting for testing because of
symptoms the positive predictive value of having cough, fever and
loss of sense of taste/smell will be considerably lower, for example
around 3% for a true overall prevalence of infection of 1%.

The sequential nasal swabs from index cases and contacts
showed prolonged PCR positivity in some infected individuals
though with high Ct values. As previously shown'# viable virus was
rarely recovered at these high cycle numbers so such individuals
are unlikely to be infectious. There was no relationship between
Ct value and either age or illness severity, nor were secondary at-
tack rates correlated with the minimum Ct value in the index case.
Swabs were opportunistically taken at different times after onset
and this was shown to be the major determinant of Ct value. In-
terestingly, after controlling for interval since onset, Ct values were
lower in contacts than index cases, suggesting a greater viral load
when infection is acquired under conditions of close exposure and
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more rapid development of symptoms as suggested by the shorter
serial intervals in contacts with lower Ct values.

A high proportion of index cases recruited in the low incidence
period between June and July 2020 were false positives. This is
unsurprising as overall only 0.5% of Pillar 2 tests - the publicly
bookable PCR tests for contacts or symptomatic members of the
public - were positive during this period.” Even with a highly spe-
cific PCR (e.g. 99.5%) with a true prevalence of 0.5%, about half of
all positives detected will be false. The predominance of Pillar 2
tests reported as PCR positive based on a single gene target with
a high Ct value during this low incidence period is consistent with
false positives results.'” Two index cases had a positive PCR Pillar 2
test some months after their first, suggesting reinfection. However,
neither of the two index cases nor their household members had
any confirmatory PCR positive swabs nor any increase in antibody
titres compared with the earlier time period, again consistent with
a false positive second test. Our experience shows that it is impor-
tant to confirm the status of the index case when studying house-
hold transmission and to fully investigate reported re-infections to
confirm their validity.

This study was limited by the inability to study transmission
from asymptomatic index cases and that it was largely conducted
prior to the emergence of the Alpha (B.1.1.7) variant of concern first
detected in Southern England in November 2020; sequencing of
PCR positives from October onwards showed that only two fami-
lies had the Alpha variant. The prospective household surveillance
is being continued to compare the secondary attack rate in house-
holds infected with the Alpha and the more recent Delta vari-
ant, and from index cases who have received the AstraZeneca or
Pfizer COVID-19 vaccines with that from unvaccinated individuals
of similar age as an indication of the extent to which vaccination
may provide additional protection against transmission from break-
through infections in the household setting.!®
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