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ABSTRACT
Objective  In September 2020, 15 861 SARS-CoV-2 case 
records failed to upload from the Second Generation 
Surveillance System (SGSS) to the Contact Tracing Advisory 
Service (CTAS) tool, delaying the contact tracing of these 
cases. This study used CTAS data to determine the impact 
of this delay on population health outcomes: transmission 
events, hospitalisations and mortality. Previously, a 
modelling study suggested a substantial impact.
Design  Observational study.
Setting  England.
Population  Individuals testing positive for SARS-CoV-2 
and their reported contacts.
Main outcome measures  Secondary attack rates 
(SARs), hospitalisations and deaths among primary and 
secondary contacts were calculated, compared with all 
other concurrent, unaffected cases. Affected SGSS records 
were matched to CTAS records. Successive contacts and 
cases were identified and matched to hospital episode and 
mortality outcomes.
Results  Initiation of contact tracing was delayed by 3 days 
on average in the primary cases in the delay group (6 days) 
compared with the control group (3 days). This was 
associated with lower completion of contact tracing: 80% 
(95% CI: 79% to 81%) in delay group and 83% (95% CI: 
83% to 84%) in control group. There was some evidence 
to suggest increased transmission to non-household 
contacts among those affected by the delay. The SAR for 
non-household contacts was higher among secondary 
contacts in the delay group than the control group (delay 
group: 7.9%, 95% CI: 6.5% to 9.2%; control group: 
5.9%, 95% CI: 5.3% to 6.6%). There did not appear to 
be a significant difference between the delay and control 
groups in the odds of hospitalisation (crude OR: 1.1 (95% 
CI: 0.9 to 1.2)) or death (crude OR: 0.7 (95% CI: 0.1 to 4.0)) 
among secondary contacts.
Conclusions  Our analysis suggests that the delay in 
contact tracing had a limited impact on population health 
outcomes; however, contact tracing was not completed for 
all individuals, so some transmission events might not be 
captured.

INTRODUCTION
As of October 2023, there have been over 
22 million cases and 200 000 deaths from 
COVID-19 reported in the UK.1 Contact 
tracing has been a central part of the public 
health response to SARS-CoV-2 and involves 
identifying contacts of people who have 
tested positive and advising them to self-
isolate to reduce onward transmission.2 On 28 
May 2020, a national contact tracing system, 
National Health Service (NHS) Test and 
Trace, was launched. All PCR-positive cases 
in England were identified and contacted 
by phone, digital tools and through partner-
ships with local authorities.3 4 Between 25 
September and 2 October 2020, some data 
files containing test results from community 
testing sites failed to import from the labora-
tory surveillance system (Second Generation 
Surveillance System (SGSS)) to the contact 
tracing tool (Contact Tracing and Advisory 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Shows empirical data on the health impact of an 
event leading to a delay in contact tracing so can 
test hypotheses generated by models of the poten-
tial impact of a delay in contact tracing.

	⇒ Estimates the extent of further transmission and 
odds of increased hospitalisation or mortality in 
up to the third generation of cases affected by the 
event.

	⇒ The event acts as a natural experiment to describe 
the possible impact of contact tracing, comparing a 
group affected by chance by delayed contact tracing 
to a control group who experienced no delay.

	⇒ Contact tracing was not completed for all individu-
als, so the study might not capture all affected con-
tacts or transmissions.
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Service (CTAS)). The files contained 15 861 new positive 
cases.5 At that time, on 28 September 2020, there was a 
7-day average of around 8200 reported cases per day in 
England with significant regional variation.1

The event did not affect the notification of test results 
to patients or affect the results of any specific testing sites, 
geographical areas or population groups. However, the 
delay in the upload of case records to CTAS resulted in a 
delay in the contact tracing of these cases, and therefore a 
potential delay in instructing their contacts to self-isolate, 
which could have resulted in further transmission of SARS-
CoV-2, and potentially more COVID-19-related hospital-
isations and deaths. We expect that health outcomes of 
the initial group of cases (primary cases) whose records 
failed to upload to CTAS would not have been affected, as 
they received their test results and advice to isolate in the 
usual timeframe, and transmission events from primary 
cases to their contacts (primary contacts who may become 
secondary cases) would have most likely occurred prior to 
the isolation of the case. However, these primary contacts 
may not have been aware that they were a close contact of 
a case or advised to isolate in a timely manner, which may 
have increased the risk of transmission to their contacts 
(secondary contacts who may become tertiary cases). 
The outcomes of secondary contacts are therefore the 
most likely to have been impacted by the delay in contact 
tracing. In addition, there could potentially be delays in 
secondary cases seeking healthcare support, increasing 
their risk of hospitalisation or mortality.

A published preliminary model suggested that this 
event may have been associated with an increase of up 
to a third additional infections and 30–40% additional 
deaths.6

In this study, we assess directly the health impact of 
the event, in terms of transmissions, hospitalisations and 
deaths, using data on affected and concurrent cases and 
their contacts.

Aims and objectives
The aims of this study are to:

	► Describe the nature of any contact tracing delay expe-
rienced by cases affected by the event.

	► Assess the extent of further transmission, by calcu-
lating attack rates from primary cases to their contacts 
and from secondary cases to their contacts.

	► Assess the impact of the delay on health outcomes of 
primary and secondary contacts, in terms of hospital-
isations and deaths.

METHODS
Data sources
The list of SGSS records affected by the event was 
provided by the UK Health Security Agency (UKHSA). 
SGSS contains demographic and diagnostic information 
from laboratory test reports for patients in England who 
test positive for SARS-CoV-2.7 SGSS records were matched 
to COVID-19 testing and contact tracing records from 
the CTAS database to validate the cases affected by the 

event. CTAS records represent SARS-CoV-2 case episodes, 
including information on the movements of cases in their 
infectious period, their contacts and demographic and 
clinical characteristics (online supplemental figure 1).8 
Matching was conducted in repeated rounds based on 
combinations of the following identifiers: SGSS unique 
identifier; NHS number; forename; surname; date of 
birth; and postcode. This data set of CTAS records consti-
tuted the primary cases affected by the event, described 
henceforth as the ‘delay group’. A control group 
consisting of all primary cases from the same time window 
(30 September to 5 October 2020 inclusive) that were 
unaffected by the event was used as a comparison. The 
event affected exclusively cases arising from community 
testing sites and not hospital or other testing sites; there-
fore, primary cases in the control group were restricted to 
those arising from community testing.9

Identifying cases and contacts
Contact records were linked to the case who reported 
them and assigned to the same group (delay or control 
group) as their associated case. Secondary cases were 
defined as (1) individuals reported as a contact by a 
primary case and (2) having a contact event with the 
primary case between 2 and 14 days inclusive prior to the 
onset of symptoms of the secondary case (or test date if 
no symptom onset available). If the secondary case was a 
household contact of the primary case, the date of inter-
action was taken to be the date of symptom onset (or test 
date if no symptom onset available) of the primary case. 
Secondary cases may be exposed to more than one primary 
case; therefore, only one transmission event was chosen 
to link a secondary case to the primary case who most 
likely infected them based on the following hierarchy: (1) 
a household transmission event was prioritised above all 
other types of contact event (due to the higher risk of 
transmission in this setting); (2) where multiple events 
of the same priority occurred, the most recent exposure 
was selected as the transmission event. Individuals who 
had taken multiple SARS-CoV-2 tests generated a CTAS 
record for each positive test result. These were identified 
by matching on name, date of birth, NHS number and 
contact details. Only the record with the earliest test date 
was retained, as contact tracing should have been under-
taken on receipt of the first positive result.

Linkage to health outcomes
Contact tracing records were linked to mortality data 
provided by UKHSA which describe death in people with 
a positive SARS-CoV-2 test. Matching was performed using 
NHS number. Two definitions of mortality consistent with 
SARS-CoV-2 surveillance were used: (1) death of a person 
with a laboratory-confirmed positive SARS-CoV-2 test 
and whose death was within 60 days of the first specimen 
date or more than 60 days after the first specimen date if 
COVID-19 is mentioned on the death certificate and (2) 
death of a person with a laboratory-confirmed positive 
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SARS-CoV-2 test and whose death was within 28 days of 
the first positive specimen date.10

Contact data sets were also linked to the UKHSA hospital-
onset COVID-19 data set (extracted on 22 November 
2021), which pulls from identifiable daily feeds of data 
on hospitalisations: Secondary Uses Services (a national 
data set describing patient hospitalisations); Emergency 
Care Data Set (a national data set describing patient use 
of urgent and emergency care); and COVID-19 testing 
data. The data set provides one hospital spell per case if 
they had a hospital admission or discharge in the 14-day 
period before or after their first positive SARS-CoV-2 test, 
including people already in hospital at the time of test. 
Matching was performed using NHS number, date of 
birth, name and sex.

Descriptive analysis
Analysis was performed in R V.1.3.1056. Investigators LF, 
LP, CT, AW and CC had access to the study data. Demo-
graphic information and contact tracing outcomes were 
described for the case and contact data sets. Time taken 
for contact tracing was estimated using different dates 
in the contact tracing process: dates of test, laboratory 
report, SGSS record creation, CTAS record creation and 
contact tracing completion (online supplemental figure 
2). Time taken to initiate the contact tracing process was 
defined as the days between the laboratory report date 
of the case and the date of upload of the case or contact 
record into CTAS. Time taken to complete contact 
tracing was defined as the days between the test date of 
the case and the date of contact tracing completion of the 
case or contact. Contact tracing completion was defined 
as the status of the individual’s CTAS record being set to 
‘complete’ by a call handler or the individual submitting 
an online contact tracing form.

Regression analysis
To understand the effect of the event on transmission, 
adjusted secondary attack rates (SARs) and adjusted 
ORs of infection with SARS-CoV-2 among primary and 
secondary contacts were estimated via postestimation from 
a logistic regression model. The predictor under investi-
gation was whether the exposing case was in the delay or 
the control group. After review of crude SARs stratified 
by contact setting (household or non-household), effect 
modification of the predictor (delay or control group) 
by the contact setting (household or non-household) 
was allowed for in the model. The potential confounders 
included in the model were age group, sex, geographic 
region (one of nine UKHSA-defined geographical areas) 
of the contact and whether the contact completed contact 
tracing.

To understand the effect of the event on health 
outcomes, ORs for experiencing hospitalisation or 
mortality among primary and secondary contacts were 
calculated using logistic regression with Firth penalisation, 
comparing individuals in the delay and control groups. 
When individuals had contact episodes with multiple 

cases, the earliest episode per individual was retained. A 
very small number of mortality events was reported; there-
fore, unadjusted, crude ORs are presented to avoid over-
fitting the regression model, and the covariate balance 
between the delay and control groups suggests any major 
confounding is unlikely. As a sensitivity analysis, health 
outcomes of contacts in delay group were compared with 
a subgroup of contacts in the control group who were 
contact traced rapidly, defined as within 3 days of the test 
date of the associated case.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of this 
research.

RESULTS
Sample characteristics
Overall, 15 861 SGSS records were identified as affected 
by the event and 15 467 (98%) were matched to a CTAS 
record (online supplemental table 1). Following data 
cleaning, 15 285 (96%) primary cases affected by the 
event remained eligible for inclusion in the study (online 
supplemental figure 3). A control group of 43 742 
concurrent primary cases was created, consisting of all 
CTAS records from the time period of 30 September 
to 5 October 2020 inclusive which were not affected by 
the event. Secondary and tertiary cases and primary and 
secondary contacts were identified in the CTAS database. 
Demographic information is described in online supple-
mental tables 2 and 3.

Nature of contact tracing delay
For primary cases in the delay group, it took on average 
2 days longer for their records to be uploaded to CTAS, 
initiating contact tracing, after the laboratory report date 
of their positive test result (table  1, figure  1). Primary 
cases took on average 3 days longer to complete contact 
tracing in the delay group (6 days, IQR: 4–7) than the 
control group (3 days, IQR: 2–5) after their date of posi-
tive test. For primary contacts in the delay group, it took 
on average 3 days longer for their records to be uploaded 
to CTAS, relative to the laboratory report date of their 
associated case. It took 3 days longer to complete contact 
tracing for primary contacts in the delay group (6 days, 
IQR: 5–8) than the control group (3 days, IQR: 2–5), 
relative to the test date of their associated case (table 2, 
figure 1). Once records were uploaded onto CTAS, the 
primary cases and contacts in the delay group took the 
same median amount of time to complete contact tracing 
as the control group (1 day).

The proportion of cases for whom contact tracing 
was completed was slightly lower for primary cases in 
the delay group (80%, 95% CI: 79% to 81%) than the 
control group (83%, 95% CI: 83% to 84%), a difference 
of −3.5% (95% CI: −4.2% to −2.8%) (table 1). There was 
no difference in the proportion of secondary and tertiary 
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cases who completed contact tracing. The proportion 
of primary contacts traced was lower by 6.5% (95% CI: 
−7.1% to −5.9%) in the delay group than the control 
group (delay group 51%, 95% CI: 51% to 52%; control 
group 58%, 95% CI: 57% to 58%). There was no evidence 
of a difference for secondary contacts (delay group 51%, 
95% CI: 50% to 53%; control group 52%, 95% CI: 51% 
to 52%) (table  2). For primary and secondary cases, 
the median numbers of household and non-household 
contacts per case were the same in the delay and control 
groups; for tertiary cases, the median number was the 
same for non-household contacts but was greater by one 
person for household contacts in the delay compared with 
the control group (table 1). For contacts, the nature of 
contact was reported as household contact for 71%–79% 
of contacts in each group (table 2).

Effect on transmission
There was no evidence of a difference between the delay 
and control groups in the overall adjusted SARs among 
primary or secondary contacts (table 3). However, differ-
ences were observed when stratified by household or non-
household setting; SARs in non-household secondary 
contacts were higher for the delay group (7.9%, 95% CI: 
6.5% to 9.2%) than the control group (5.9%, 95% CI: 
5.3% to 6.6%), corresponding to 1.36 (95% CI: 1.09 
to 1.69) times greater odds of infection. No difference 

was observed between the groups among household 
secondary contacts. For primary contacts, household 
SARs were lower for the delay group than for the control 
group. Conversely, for non-household contacts, the SARs 
in primary contacts were higher for the delay group 
(6.3%, 95% CI: 5.8% to 6.8%) than for the control group 
(5.7%, 95% CI: 5.5% to 5.9%), corresponding to 1.12 
(95% CI: 1.02 to 1.22) greater odds of infection.

Effect on health outcomes
COVID-19 death was a rare outcome in both groups with 
no evidence of a difference in 28-day or 60-day mortality 
rates among primary or secondary contacts in the delay 
and control groups (table  4). Using the 28-day defini-
tion of mortality, for primary contacts, there were 2.9 
deaths (95% CI: 1.4 to 5.4) per 10 000 in the delay group 
compared with 3.7 deaths (95% CI: 2.7 to 5.1) per 10 000 
in the control group. For secondary contacts, this was 
0.0 (95% CI: 0.0 to 6.1) deaths per 10 000 in the delay 
group compared with 1.4 (95% CI: 0.3 to 4.1) deaths per 
10 000 in the control group. There was no evidence for 
a difference in the odds of mortality for the delay group 
compared with the control group (table 4, figure 2).

The proportion of contacts admitted to hospital as 
inpatients within 14 days of their first SARS-CoV-2 test 
was almost identical in the delay and control groups, for 
primary contacts (delay 3.3% (95% CI: 3.1% to 3.5%), 

Figure 1  Graphs describing the time taken to initiate and complete contact tracing of cases and contacts in the delay and 
control groups. CTAS, Contact Tracing and Advisory Service.
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control 3.1% (95% CI: 3.0% to 3.2%)) and secondary 
contacts (delay 3.4% (95% CI: 3.0% to 3.9%), control 
3.2% (95% CI: 3.0% to 3.5%)) (table 4). There was no 
significant difference in the crude or adjusted odds of 
hospital admission between the delay and control groups 
(table 4, figure 2). Additionally, there was no significant 
difference in the crude or adjusted odds of hospitalisa-
tion or death when the delay group was compared with a 
subset of the control group who were contact traced most 
rapidly (online supplemental table 4).

DISCUSSION
Statement of principal findings
The contact tracing of 15 861 SARS-CoV-2 cases affected 
by the event was delayed by an average of 3 days. There 
was evidence that the delay was associated with a slight 
decrease in the proportion of cases and contacts who 
completed contact tracing. Despite the delay, the mean 
and median number of overall contacts and non-
household contacts made per case were similar in the 
delay and control groups, for primary, secondary and 
tertiary cases, and the median number of household 
contacts per case was near-identical.

As expected, we observed a higher SAR from secondary 
to tertiary cases, for non-household contact events in 
the delay group. There was no evidence of a differ-
ence in the SARs or odds of infection for secondary to 
tertiary cases overall or for household contact events. We 
found no evidence of a difference in hospitalisation or 
mortality among primary or secondary contacts in the 
delay or control group using the standard definitions for 

COVID-19-related hospitalisation and mortality used for 
surveillance purposes in the UK.

Strengths and weaknesses
The event acted as a natural experiment whereby one 
group of individuals by chance experienced delayed 
contact tracing, enabling a comparison of their outcomes 
with concurrent, unaffected cases and contacts to assess 
the impact of contact tracing more generally. Having a 
single national system collating all test results and a single 
national contact tracing system facilitated the study. 
Through record linkage, we could identify successive 
generations of contacts and cases and describe key health 
outcomes associated with the delay in contact tracing; 
however, some outcomes were rare and it is possible that 
we did not have the power to detect a small difference in 
hospitalisation or mortality.

Secondary transmission could only be estimated using 
contacts reported by cases who met the contact defi-
nition.11 These would not include unknown contacts; 
however, the similarity in the number of reported 
contacts between the two groups suggests that unknown 
contacts are also likely to be similar. Contact tracing was 
not completed for a minority of cases in the delay and 
control groups, so there are likely to be further trans-
mission events that are unknown and not described, and 
subsequent under-reporting of contacts. People who do 
not engage in contact tracing differ from those who do 
in terms of ethnicity and socioeconomic status; however, 
this is unlikely to differ between delay and control 
groups.12–14 Completion of contact tracing was slightly 
lower in the delay group; for primary contacts, this was 

Figure 2  Graph describing ORs for mortality and hospitalisation, comparing the delay group to the control group (reference 
OR=1).
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51% in the delay group and 58% in the control group. 
This could have potentially increased the likelihood of 
worse outcomes in this group.

It is important to note that there was an inherent lag 
in the initiation of contact tracing for all cases; there-
fore, the delay group was not compared with a perfect 
example of contact tracing, which may explain the lack of 
difference in observed health outcomes. To assess this, we 
conducted sensitivity analyses comparing the delay group 
to a subset of the control group who initiated contact 
tracing most quickly, but we still did not detect a differ-
ence in health outcomes and results were consistent with 
the main analysis. This could be partly because secondary 
and tertiary contacts in the delay group did not appear to 
experience a significant delay in initiating or completing 
tracing compared with the control group. Additionally, 
some cases had multiple CTAS records, for example, if 
they tested several times; we retained only the earliest 
episode. It is possible that some cases in the delay group 
reported subsequent positive tests soon after their first 
test which were not affected by the event (eg, after being 
admitted to hospital). Therefore, these people might still 
have been contact traced in a timely manner.

Finally, there is likely to be high uncertainty when 
tracing the complex network of contacts from the 
community transmission stage of the pandemic. The 
actual risk of infection among contacts is likely to vary 
significantly depending on degree of contact, which was 
not described. Some transmissions were likely yielded by 
superspreading events with a disproportionate impact on 
the pandemic, which were not captured in our compar-
ison of SARs. Notably, primary cases were defined as 
being either affected by the event (delay group) or from 
the same time period (control group). Because the event 
occurred over a period of a small number of days, during 
which time transmission events occurred, primary cases 
generated some secondary and tertiary cases which were 
also classed as primary cases themselves and may have 
been directly affected by the event. Therefore, transmis-
sion chains may have been affected at different stages. 
Additionally, with regard to household transmission 
chains, it is worth noting that because many secondary 
cases were exposed to the virus in their household, their 
onward household attack rates could be lowered as their 
exposer would not become a case again within the time 
period studied.

Strengths and weaknesses in relation to other studies
A previous modelling exercise using aggregate published 
data projected substantial adverse health outcomes, 
describing a drastic rise in SARS-CoV-2 infections and 
deaths in areas most affected by the event and esti-
mating over 125 000 additional infections and 1500 addi-
tional COVID-19-related deaths.6 Their rapid modelling 
approach described broader regional trends in infections 
and deaths using publicly available population surveil-
lance data from the nearest calendar week to the event. 
This has the advantage of capturing all individuals possibly 

affected by the event, including any unknown or unre-
ported contacts. However, it could lead to an overestima-
tion of the health impact of the event. Our study described 
outcomes of the cases known to be affected by the event, 
which were a subset of the cases from 25 September to 2 
October 2020, but the previous modelling study defined 
affected cases as all those with specimen dates from 20 to 
27 September 2020; this might also lead to less accurate 
estimation of health impacts. It is also important to note 
that the event occurred at a point in the pandemic when 
incidence of COVID-19 was increasing nationally and 
more rapidly in some regions.15 16

Meaning of the study
Contacts of SARS-CoV-2 cases are at increased risk of 
infection, and this risk is higher among household 
contacts.17–19 It is also known that significant numbers 
of infected people are asymptomatic and can transmit 
the virus.17 18 20 Therefore, tracing all contacts of cases of 
SARS-CoV-2 to inform them of their exposure and give 
them advice on measures to reduce the risk of onward 
transmission has been a cornerstone of the pandemic 
response. This event offered an opportunity to assess the 
impact of contact tracing on health outcomes. Interest-
ingly, few differences in health outcomes were observed 
between people impacted by the delay and concurrent 
cases and contacts.

There was no difference in the number of contact 
events. This may reflect that people have generally main-
tained low levels of contacts throughout the pandemic.20 
We did observe an increase in secondary transmission 
among non-household contacts, which is to be expected if 
people are not aware of their exposure and therefore not 
isolating. However, non-household contacts comprised a 
minority of reported contacts. Household contacts made 
up the majority of transmission events and did not experi-
ence greater secondary transmission, perhaps due to the 
more limited effect of self-isolation in preventing trans-
mission within households. This could explain in part 
why we did not see such a large effect on transmission and 
health outcomes as predicted by other research.

Unanswered questions and future research
Contact tracing is an effective tool to control transmission 
of infection.21–23 Modelling studies have estimated the 
benefit from contact tracing and self-isolation to reduce 
SARS-CoV-2 transmission.24–26 There is more limited 
evidence on the actual impact on transmission of the 
very large-scale contact tracing undertaken during the 
pandemic. For contact tracing to be effective, it needs to 
be timely and reach, as far as possible, all contacts.27–29 
The lack of a significant adverse health impact observed 
in our study could reflect the fact that there was an 
inherent delay in the tracing of all cases, which has been 
shown to reduce the effectiveness of SARS-CoV-2 contact 
tracing.30 31 The lack of a difference may also reflect that, 
at that time, people generally were limiting their contact 
with others, with low numbers of non-household contacts 
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made by individuals in both groups.20 Other factors that 
may have contributed include cases informing their 
contacts directly of their exposure status and need for 
self-isolation prior to official notification from the contact 
tracing system, and that a majority of contact events 
occurred in the household, where self-isolation is less 
likely to prevent transmission. All of these factors suggest 
that large-scale contact tracing may have had a limited 
impact on SARS-CoV-2 transmission at that time. Future 
research should evaluate the most effective approaches to 
conducting large-scale contact tracing.

CONCLUSIONS
We did not find a significant impact on population health 
outcomes in individuals affected by a delay in contact 
tracing.
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