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Abstract

To understand the characteristics and influencing factors related to cluster infections in
Jiangsu Province, China, we investigated case reports to explore transmission dynamics and
influencing factors of scales of cluster infection. The effectiveness of interventions was
assessed by changes in the time-dependent reproductive number (R,). From 25th January
to 29th February, Jiangsu Province reported a total of 134 clusters involving 617 cases.
Household clusters accounted for 79.85% of the total. The time interval from onset to report
of index cases was 8 days, which was longer than that of secondary cases (4 days) (y> = 22.763,
P <0.001) and had a relationship with the number of secondary cases (the correlation coeffi-
cient (r) =0.193, P=0.040). The average interval from onset to report was different between
family cluster cases (4 days) and community cluster cases (7 days) (> =28.072, P <0.001).
The average time interval from onset to isolation of patients with secondary infection
(5 days) was longer than that of patients without secondary infection (3 days) (F=9.761,
P=0.002). Asymptomatic patients and non-familial clusters had impacts on the size of the
clusters. The average reduction in the R, value in family clusters (26.00%, 0.26 + 0.22) was
lower than that in other clusters (37.00%, 0.37 + 0.26) (F =4.400, P =0.039). Early detection
of asymptomatic patients and early reports of non-family clusters can effectively weaken
cluster infections.

Introduction

Novel coronaviruses, including severe acute respiratory syndrome coronavirus (SARS-CoV) in
2002 and middle east respiratory syndrome coronavirus (MERS-CoV) in 2012, have led to
large-scale epidemics [1, 2]. A novel coronavirus pneumonia (COVID-19) appeared in 2019
and spread rapidly across China [3]. Compared with SARS-CoV and MERS-CoV,
SARS-CoV-2 has stronger transmissibility [2-5], which facilitates cluster infection.

To date, many countries and territories have reported cluster infections of COVID-19. A
large number of authors has elaborated on the transmission chain and epidemiological char-
acteristics of one cluster infection [5-11]. Additionally, observational studies have included
regional cluster infections and analysed the epidemiological characteristics of the involved
cases [12-14]. The literature provides valuable evidence for COVID-19, but the influencing
factors related to cluster infections have rarely been discussed. To understand the characteris-
tics and influencing factors related to cluster infections, our study summarised the epidemio-
logical characteristics of cluster infections in Jiangsu Province and deeply investigated case
reports to explore transmission dynamics and influencing factors of scales of cluster infection
to provide a better basis for the formulation of prevention and control measures.

Methods
Data source

The cluster infection data were collected from the ‘Public Health Emergency Information
Management System’ designed by China’s Disease Prevention and Control Centre. The
index cases were based on individuals went to a hospital, while the close contacts of index
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cases, some of which then developed as secondary cases, were
identified during the investigation of index cases. If the close con-
tacts tested positive, they would be isolated and receive treatment
in hospital. We reviewed epidemiological investigation reports
and extracted key information for analysis. We summarised trans-
mission chain according to the date of exposure, illness onset and
isolation, the place of exposure, etc. The sequence was the same as
the report we published before [15].

Subjects and definitions

We referred to the COVID-19 Prevention and Control Program
(Third Edition) and defined cluster infection as infections involv-
ing two or more confirmed cases or asymptomatic-infected cases
in small units (family, construction site, affiliation, etc.) within 14
days and the possibility of interpersonal transmission due to close
contact or common source exposure [16]. The subjects included
in this study were as follows.

Index cases: Cases transmitting the virus to others in a cluster
infection.

Secondary cases: Cases infected by index cases.

Common source exposure: Cases with the same travel or resi-
dency history in Hubei Province or other infected areas and that
did not confirm the transmission path; these cases were excluded
from the index cases and secondary cases.

Intergeneration: The judgement of intergenerational cases
(e.g., first, second or third generation) was based on China’s
Guidelines for Epidemiological Investigation of Novel Coronavirus
Pneumonia Cluster Infection.

Cluster scale: We defined different cluster scales according to the
number of cases and specifically categorised them into small-scale
clusters (<10 cases) and large-scale clusters (>10 cases).

Onset time: Time of symptom appearance.

Pathogen detection

Reverse transcription-polymerase chain reaction (RT-PCR) and/
or high-throughput sequencing (next-generation sequencing)
were applied for SARS-CoV-2 nucleic acid detection in nasopha-
ryngeal swabs, sputum and other lower respiratory tract secretions
and blood and faecal specimens. Positive laboratory cases required
at least one of the following two conditions: (1) two targets
(ORFlab, N) in the same specimen had both positive RT-PCR
results; if only a single-target test result was positive, resampling
and retesting were required and if the retest result was the same
as the result of the first test, the specimen could be defined as
positive; and (2) both specimens showed a positive single-target
RT-PCR result, or the test result of a single-target positive in
two sampling tests of the same type of specimen could be deter-
mined as positive.

Statistical analysis

SPSS 23.0 software was used for data statistics and analysis. For
categorical variables, the chi-square (y°) test was conducted for
comparisons between rates. For continuous variables, F-tests
and non-parametric tests were conducted for comparisons
between groups. R4.0.1 software was used for the univariate and
multivariate analysis of the factors affecting the scale of cluster
infection, which were carried out by random-effects logistic
regression. Random-effects logistic regression model was applied
to explore the association between the scale of the cluster
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epidemic and potential factors such as age and sex. The data ana-
lysis strategy is as follows: each observation represented an indi-
vidual in a cluster. The dependent variable was the size of the
cluster (small/large was coded as 0/1) and the cluster was treated
as the random-effect variable. The effectiveness of interventions
was assessed by changes in the time-dependent reproductive
number (R,) [17], and the formula is as follows:

AR, = Rip — Ry
Ry

R, refers to the R, value of each cluster at the end, and Ry, refers to
the R, value of each cluster when the first case was observed. The
calculation of the R, value was carried out by the R package
‘EpiEstim’ [18]. We drew a curve of the R, value in each city
and brought family clusters and the other clusters into the corre-
sponding curves, estimating the prevention and control strength
(AR,). ArcGIS10.0 was applied for map drawing.

Results

From 25th January to 29th February, Jiangsu Province reported a
total of 134 cluster infections involving 617 cases. Small-scale
clusters (2-4 cases) accounted for 74.63% of the total cluster
infections and 42.46% of the total cases.

Time distribution

On 25th January, the first cluster infection was reported. The first
case had a history of Wuhan residence and caused a family cluster
infection after returning. In the following 11 days, the number of
outbreaks increased significantly and reached the peak of daily
reports on 5th February (15, 11.19%). Since 5th February,
Jiangsu carried out concentrated observations on close contacts,
and the number of epidemic reports showed a significant fluctu-
ating downward trend. The last two infections were reported on
19th February (Fig. 1).

Regional distribution

Among 13 cities, Suzhou (19.41%, 26/134), Nanjing (14.93%, 20/
134) and Huai’an (13.43%, 18/134) accounted for nearly half of
the cluster infections, while Huai’an (15.07%, 93/617), Nanjing
(14.26%, 88/617) and Xuzhou (11.83%, 73/617) showed a high
incidence given the total number of infected cases. For the scale
of clusters, Lianyungang (9.71 cases/infection), Yancheng (6.75
cases/infection) and Xuzhou (6.63 cases/infection) ranked at the
top. The details are shown in Figure 2.

Population distribution

A total of 607 cases were involved in the cluster infection, with a
sex ratio of 0.93 (male:female =292:315) and an average age of
44.11 years. Further analysis of gender indicated a significant dif-
ference between index cases and secondary cases (y*=13.936,
P<0.001); most of the index cases involved males (63.64%),
while the majority of secondary cases involved females
(56.54%). There was no significant difference in age between
index cases and secondary cases, with an average age of 44.35
and 45.02 years old, respectively.
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Fig. 1. Time distribution of cluster infection in Jiangsu Province.

Site distribution

The vast majority of cluster outbreaks occurred within families
(eating and living together, visiting relatives, etc.), accounting
for 79.85% (107/134) of the total. Seven (5.22%, 7/134) clusters
were observed in the community (playing cards with neighbour-
hood friends, leisure in public bathrooms, neighbourhood or
friend communication, etc.). Three (2.24%, 3/134) clusters were
observed in the context of work affiliations (meeting, co-office,
etc.). Noticeably, there were 17 (12.69%, 17/134) clusters of cross-
site transmission, 7 (41.18%) clusters of transmission from family
to friends, 6 clusters of transmission from work affiliation to fam-
ily (35.29%), 2 clusters of transmission from family to work affili-
ation (11.76%) and 2 clusters of other types (11.76%). Cluster
infections with more than 20 cases mainly occurred in communi-
ties or work affiliations.

Travel and residential history

The distance between Wuhan (capital city of Hubei Province) and
Nanjing (capital city of Jiangsu Province) is about 550 km. It takes
about 3 h by train, or 7h when self-driving. The Spring Festival
transportation increased the round-trip passenger flow between
the two provinces. Among the reported cluster infections, 59
(44.03%, 59/134) local transmission clusters were the result of
travelling or residing in other provinces or abroad, among
which 44 (74.58%) clusters’ index cases had a travel or residential
history in Hubei Province, 10 (16.95%) clusters’ index cases had a
travel or residential history in other provinces and 5 (8.47%) clus-
ters’ index cases had a travel or residential history abroad. The
cases involved in 36 (26.87%, 36/134) clusters all had a travel or
residential history in Hubei Province, other provinces or abroad
but did not cause local transmission.

The whole cluster epidemic could be divided into two stages.
Of the 83 clusters reported from 25th January to 5th February,
53 (63.86%) were caused by imported cases in Hubei Province.
In the later stage, however, the proportion from 6th February to
19th February was 21.56%, which decreased by 66.24% from
the previous stage, and the infections caused by local transmission
began to dominate.

Further statistical analysis demonstrated that the travel or resi-
dential histories of index cases had no effect on cluster size (t=
—0.636, P=0.526) or the clinical severity of secondary cases
(x*=0.190, P =1.000).

Onset time interval of different intergenerational cases

The average onset time interval between the first generation and
the second generation was 6.22 +5.67 (95% confidence interval
(CI) 0.55-11.89) days, and that between the second and third gen-
eration was 5.60+£6.02 (95% CI —0.42 to 11.62) days. The
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Fig. 2. GIS map of the city distribution of COVID-19 cluster infection in Jiangsu Province (a). The number of COVID-19 cluster infections (b). The number of COVID-19

cluster cases.
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Table 1. Time intervals between onset and report and between onset and isolation (days)

Time interval (start-end) Groups n N (Q25-Q7s) z P

Onset-report Index cases 110 8.00 (4.00-10.00) 22.763 <0.001
Secondary cases 382 4.00 (2.00-8.00)

Onset-report Family cluster cases 374 4.00 (2.00-8.00) 28.072 <0.001
Community cluster cases 66 7.00 (5.00-11.00)

Onset-isolation Patients without secondary cases 232 3.00 (0.00-6.00) 9.761 0.002
Patients with secondary cases 110 5.00 (1.00-8.00)

M +s.p., mean +standard deviation.

Table 2. Clinical severity of index cases and secondary cases (N (%))

Clinical severity

Groups Severe pneumonia Common pneumonia Mild pneumonia or asymptomatic infections 7 P
Index cases 8 (7.3) 68 (61.8) 34 (30.9) 9.677 0.008
Secondary cases 16 (4.2) 186 (48.7) 180 (47.1)

Total 29 (4.8) 307 (50.6) 271 (44.6)

statistical analysis suggested no significant difference between the
generations.

Effects of early detection, early reporting and early isolation of
cases on cluster infections

The average time interval from onset to report of index cases was
8 days, which was longer than that of secondary cases (4 days)
(y*=22.763, P<0.001, Table 1). The correlation coefficient
between the time interval from onset to report of an index case
and the number of secondary cases was 0.193 (P=0.040). The
results showed a significant difference in the average interval
between family cluster cases and community cluster cases, which
was 4 and 7 days, respectively (x*=28.072, P<0.001) (Table 1).
The average time interval from onset to isolation of patients with
secondary cases was 5 days, which was longer than the 3-day inter-
val for patients without secondary cases, and there was a significant
difference between the two groups (F=9.761, P =0.002).

Comparison of clinical severity between index cases and
secondary cases

There was a significant difference in the clinical severity between
the index cases and the secondary cases (y*=9.677, P =0.008).
Among the index cases, 61.8% had common pneumonia, which
was much higher than the proportion of mild and asymptomatic
infections and severe pneumonia. Among the secondary cases, the
proportion of common pneumonia (48.7%) was roughly the same
as that of mild or asymptomatic infections (47.1%). The propor-
tion of severe pneumonia in index cases (7.3%) was much higher
than that in secondary cases (4.2%). The details are shown in
Table 2.

Risk factors for cluster infection scales

Excluding cases imported from other provinces, 103 clusters (492
cases) were selected from 134 outbreaks. The infections were
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divided into two scales of clusters: small-scale clusters (clusters
of less than 10 cases; 299 cases in total, 60.77%) and large-scale
cases (clusters of at least 10 cases; 193 cases in total, 39.23%).

Taking two groups of different scales with dependent variables
(including sex, age, occupation, gathering site, time interval from
case onset to treatment, time interval from onset to report, time
interval from onset to isolation, case classification, the number
of close contacts of index cases, the region and whether or not
fever developed) as independent variables, the results of univari-
ate analysis indicated that occupation, gathering site, the time
interval from onset to treatment and case classification were stat-
istically significant (Table 3). Further multivariate analysis incorp-
orating factors whose P value <0.1 demonstrated that case
classification and gathering site had impacts on the size of the
clusters (Table 4).

Evaluation of the effects of prevention and control measures in
different gathering sites

The results showed that the average reduction of the R, value in
family clusters (26.00%, 0.26 +0.22) was lower than that in
other clusters (37%, 0.37 + 0.26), and the difference was statistic-
ally significant (F = 4.400, P =0.039).

Discussion

The outbreak of COVID-19 is another major public health event
that China has encountered since SARS in 2002. Given its higher
transmissibility, it is easier to attribute cluster infections to
COVID-19. Our study included 617 cases of COVID-19 cluster
infections in Jiangsu Province and determined the epidemio-
logical characteristics and influencing factors of the clusters.
The cluster infections in Jiangsu Province were mainly concen-
trated between late-January and mid-February, divided into two
stages according to the transmission characteristics. The first
stage, occurring from 25th January to 5th February, gave rise to
clusters caused by the imported cases in Hubei Province, which
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Table 3. Univariate logistic analysis of risk factors for cluster infection scales (No. (%))

Factors 2-9 >10 Statistics P OR OR 95% CI
Sex 0.08 0.780

Male 136 (46.9%) 97 (48.7%)

Female 154 (53.1%) 102 (51.3%) —0.28 0.780 0.929 0.553-1.559
Age 6.02 0.111

1-18 23 (7.9%) 5 (2.5%)

19-40 94 (32.4%) 72 (36.2%) 221 0.027 3.523 1.155-10.750

41-65 137 (47.2%) 100 (50.3%) 2.42 0.015 3.358 1.261-8.938

>66 36 (12.4%) 22 (11.1%) 1.96 0.050 2.811 0.999-7.909
Occupation 3.45 0.063

Medical workers 12 (4.1%) 28 (14.1%) -

Non-medical workers 278 (95.9%) 171 (85.9%) -1.86 0.063 0.264 0.065-1.077
Gathering site 13.57 0.004

Family 217 (74.18%) 41 (20.6%) =

Community 14 (4.8%) 52 (26.1%) 2.75 0.006 19.659 2.359-163.819

Working affiliation 14 (4.8%) 57 (28.6%) 2.88 0.004 21.549 2.662-174.430

Cross-sites 45 (15.5%) 49 (24.6%) 2.17 0.030 5.763 1.185-28.019
Onset-treatment 1.00 (0.00-4.00) 2.00 (0.00-5.00) -2.17 0.030 0.992 0.986-0.999
Onset-report 5.00 (2.00-8.00) 6.00 (3.00-9.00) 1.22 0.223 1.038 0.978-1.101
Onset-isolation 1.00 (0.00-5.00) 3.00 (0.00-5.00) 0.49 0.625 1.016 0.952-1.085
Classification 3.25 0.071

Confirmed cases 222 (76.6%) 128 (64.3%) -

Asymptomatic cases 68 (23.4%) 71 (35.7%) 1.80 0.071 1.81 0.95-3.45
Close contacts of index cases 22 (6-49) 38 (34-119) 1.60 0.109 1.015 0.997-1.034
Fever 1.09 0.296

No 112 (38.6%) 90 (45.2%)

Yes 178 (61.4%) 109 (54.8%) -1.05 0.296 0.762 0.458-1.268

OR, odds ratio; Cl, confidence interval.

Table 4. Multivariate logistic model analysis of risk factors for cluster infection scales
Factors Statistics P OR OR 95% ClI
Occupation

Medical workers 1

Non-medical workers —0.89 0.374 0.592 0.186-1.883
Gathering site

Family 1

Community 2.35 0.019 13.033 1.532-110.863

Working affiliation 2.80 0.005 21.449 2.516-182.985

Cross-sites 1.75 0.080 4.567 0.836-24.945
Onset-treatment 171 0.088 1.087 0.988-1.197
Classification

Confirmed cases 1

Asymptomatic cases 2.65 0.008 271 1.298-5.651

OR, odds ratio; Cl, confidence interval.

Control groups: medical workers, family, confirmed cases.
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was probably because of the Spring Festival travel rush. The 25th
January was the Chinese Lunar New year, and the previous 1-2
weeks were the peak period for gatherings. Although Wuhan
city had been closed since 23rd January, a large number of people
from Hubei Province had left before the closure of the city.
Infected individuals could infect others during the incubation
period even if they were asymptomatic, leading to local transmis-
sion [19-22]. However, during the second stage from 6th to 19th
February, with the substantial reduction in personnel mobility
and the continuous strengthening of prevention and control mea-
sures, the cluster infections decreased by 38.55% and converted to
local transmission [23, 24].

The regional characteristics were also meaningful. According
to the city’s local site, Jiangsu Province can usually be divided
into three regions: southern Jiangsu, central Jiangsu and northern
Jiangsu. In terms of the average cluster size, northern Jiangsu was
more sensitive, which may be associated with the differences in
lifestyle habits among different regions; those in northern
Jiangsu had more frequent social contact and social activities,
for example, residents in northern Jiangsu like to play cards
and take bath in public bathing pools. The difference in preven-
tion and control efforts among different regions may also be
the reason.

Our study found that the cases mainly occurred among
middle-aged males, which is a finding similar to that observed
in a study involving 1052 COVID-19 cluster cases [25] but incon-
sistent with that of the study of the initial 425 cases and an ana-
lysis of the first 99 cases in Wuhan, where most cases were
middle-aged and elderly males, rather than only middle-aged
[26, 27]. The sex distribution showed that most index cases
involved males, but the majority of secondary cases involved
females. The result may be related to the possibility that males
were more interested in social activities involving several people,
which could lead to a higher chance of infection. It is worth not-
ing that the sample size may also bias the conclusion. Given the
relatively small size of these outbreaks that were primarily
restricted to homes, we could not rule out the possibility of the
influence of household composition. For example, if a household
is made up of approximately 50% males and females, then a
majority of index cases being males must lead to secondary
cases being females.

Nearly 80% of cluster infections occurred within families
through living or eating together, which is consistent with the
report at the press conference of the Joint Prevention and
Control Mechanism of the State Council on 11th February that
family clusters accounted for 83% of nearly 1000 cluster outbreaks
[28]. Previous studies reported that the attack rate was highest
among populations living together, and family members were at
the highest risk [29]. Close contacts were allowed to be quaran-
tined at home before 5th February, which allowed for the possibil-
ity of family contact due to the limitation of home isolation
conditions, even though information on the requirements for
home isolation was provided. As a result, family cluster infections
were difficult to avoid, indicating that the effect of home isolation
was limited [30]. Since 5th February, however, family cluster
infections had shown a downward trend under the circumstance
that Jiangsu Province implemented single-room centralised isola-
tion for close contacts, indicating that the effect of strict centra-
lised single-room observation measures for close contacts was
better.

The time interval from onset to report of secondary cases was
shorter than that of index cases, which is consistent with the
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results of 1052 cases [25]. The results indicated that the time
for the detection of cases was gradually shortened. The time inter-
val from onset to report of the index cases was positively corre-
lated with the number of secondary cases. In addition, the
average time interval from onset to isolation of cases with second-
ary infection was longer than that of cases without secondary
infection. The above results revealed that early detection, early
reporting and early isolation of cases are of great significance in
reducing secondary infection, and prevention and control mea-
sures can reduce the risk of retransmission.

The results of multivariate analysis showed that the gathering
sites and classification of cases influenced the scale of the infec-
tion. Small-scale clusters were dominated by family (74.18%),
while the proportion of community, unit and cross-site clusters
increased significantly with the increase in the scale of the clus-
ters. The assessment of prevention and control measures based
on communication dynamics further demonstrated that interven-
tions were more effective in public sites such as communities or
units than in families, but it was still difficult to decrease the
scale of infection. This result suggested that once the infection
occurred in communities, units or other public sites, it could eas-
ily lead to large-scale cluster infections regardless of the strength
of interventions. The time interval from onset to report was sig-
nificantly higher in community clusters than in family clusters,
suggesting that the detection of cases in public sites was more dif-
ficult and untimely, which increased the risk of transmission and
the difficulty of prevention work [31, 32], which proved to be
highly significant in strengthening the detection of cases or sus-
pected cases and screening and isolating close contacts. Based
on the results, public gatherings should not be encouraged, and
crowded places should be avoided. Meanwhile, wearing masks
and washing hands should be promoted to decrease the chances
of infection. The analysis also found that with the increase in
the proportion of asymptomatic infection, the scale of the cluster
was on the rise, while the proportion of confirmed cases decreased
accordingly, suggesting that asymptomatic infection should not be
ignored [20, 31].

Although occupation and the time interval from onset to treat-
ment were insignificant in multivariate analysis, they are still
worthy of attention. In addition to being a group with a high
risk of infection, medical workers themselves also pose risks of
large-scale cluster infections [33]. Hospitals are crowded spaces
where relationships with visitors are complex and should be
focused on. Medical workers must focus on personal protection
during diagnosis and nursing procedures to avoid infection by
patients and further cross-infection. Disinfection and biosafety
protection work are also important, as well as the optimisation
of the layout of the hospital fever clinic and medical treatment
process, aimed at preventing nosocomial infection as much as
possible. The time interval from onset to treatment of cases in
large-scale clusters was longer than that in small-scale clusters,
indicating that early consultation and diagnosis could reduce
the spread and scale of infection, which is also mentioned in a
previous study using dataset from the USA, Korea and
European countries [34].

There were some limitations in our study. First, the proportion
of mild pneumonia and asymptomatic infection in secondary
cases was higher than that in index cases, while the proportion
of severe pneumonia was lower, which is similar to the results
of a study in Shenzhen [30]. However, this conclusion requires
further verification due to the small sample size. Additionally,
in the analysis of the risk factors affecting the scale of infection,
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the number of close contacts was not significant, which may be
related to differences in the intensity and assurance of the inves-
tigation in different places. Last but not least, COVID-19 is a com-
plex of medical conditions, and not a cause. The ultimate
causative agent is not a virus in isolation, but a virus in complex
with particular social factors [35]. As COVID-19 is an ongoing
pandemic, it has possibility that our conclusion might be reversed
in future.

Conclusions

Early detection, early reporting and early isolation can effectively
weaken cluster infections. With the gradual resumption of work
and education, the monitoring and registration of fever, cough,
abdominal pain and diarrhoea, as well as the screening of sus-
pected cases, should be prioritised to facilitate the early detection,
reporting and treatment of cases to reduce secondary cases and
slow down outbreaks, thus lowering the pressure placed on med-
ical services and social operations due to COVID-19.
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