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Abstract
We used a telephone survey to determine risk factors associated with a positive pol-
ymerase chain reaction test of a nasopharyngeal swab for severe acute respiratory 
syndrome coronavirus 2 (SARS-Cov-2) at a community hospital in Central New 
Jersey during the early stages of the pandemic. We compared survey responses of 
176 patients in March 2020. Respondents were asked about their living situation, 
work environment, use of public transportation and attendance at one or more large 
gatherings (more than 10 people) in the 3 weeks prior to undergoing COVID test-
ing. We found that those who attended a large gathering in the 3 weeks prior to their 
COVID test had a 2.50 odds ratio (95% CI 1.19, 5.22) of testing positive after con-
trolling for age, sex, race/ethnicity, occupation, living situation and recent visit to a 
nursing home. The total number of gatherings attended or the number of people in 
attendance was not associated with a positive test. An association was also seen for 
specific job types such as factory workers, construction workers, and facilities man-
agers. Attendance at a gathering of more than ten people was associated with testing 
positive for COVID-19.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was first identi-
fied in Wuhan, China in December 2019. Over the next several months Coronavi-
rus Disease 2019 (COVID-19) cases were reported in over one hundred countries 
with the number of cases in the United States increasing from 30 to 213,144 in 
March 2020 (Centers for Disease Control, 2020). The first case of COVID-19 in 
New Jersey was reported March 4th (Dominus, 2020), and by April 1st the state 
reported a total of over 22,000 confirmed cases (Nart, 2020).

As this virus emerged and hospitals in New Jersey were inundated with 
patients, the risk factors associated with transmission were unclear. State level 
public health initiatives were implemented, including school closures beginning 
March 18th, 2020 and stay-at-home orders March 21st, 2020 (Office of the Gov-
ernor of New Jersey, 2020). Despite these initiatives, the trajectory of new cases 
in New Jersey continued unabated in March and April.

In this study, we sought to determine the risk factors associated with testing 
positive for COVID-19 at a mid-sized community hospital in Central New Jersey 
during March 2020.

Methods

The study was performed at a 297-bed community hospital. After obtaining Insti-
tutional Review Board approval from Somerset Hospital, the principal investiga-
tor obtained a list of all patients that received a COVID-19 test at the hospital. 
COVID-19 testing was performed utilizing a polymerase chain reaction test of a 
nasopharyngeal sample.

Demographic information as well as history of comorbidities was extracted from 
the electronic medical record (Allscripts—Sunrise Clinical Manager, Chicago, IL). 
Additional data collected included admission status, hospital length stay, intensive 
care unit (ICU) admission, ventilator days, mortality, and contact information for the 
patient. Patients who presented from a nursing home, rehabilitation center, or group 
home were excluded from the survey as the group living arrangement served as a 
risk factor for transmission of the virus that would bias the survey data.

A maximum of three attempts was made on three separate days to contact each 
patient, or their next of kin, via telephone. Participants could complete the survey 
in English or Spanish, administered by a native speaker to ensure response fidelity. 
Participants provided verbal consent for the survey. The survey took approximately 
10 min to complete and consisted of 13 questions with response options as seen in 
Table  1; branched logic was used as appropriate. Answers were verified with the 
respondent. A large gathering was defined as more than 10 people. The next of kin 
contacted were asked to complete the survey to the best of their ability for patients 
that had died of COVID-19. We collected all data from the medical record and 
entered the survey into a REDCap database (Vanderbilt University, Nashville, TN).
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Descriptive statistics were collected and summarized to describe the study popu-
lation. We reported median and interquartile range (IQR) for continuous variables, 
as most were non-normally distributed according to the Shapiro-Wilk statistic. We 
compared categorical variables using Pearson’s Chi-Square or Fisher’s Exact test 
when warranted due to small sample size. Continuous variables were compared 
using 2-sided Wilcoxon Rank-Sum test. We performed multivariable logistic regres-
sion analyses to estimate the strength of association between attendance at a large 
gathering within the prior three weeks and COVID-19 test result, adjusted for age, 
gender, and race/ethnicity (Model 1); plus recent visit to a nursing home, hospital 
or long term care facility within the prior 3 weeks (Model 2); plus living situation 
and work setting (Model 3); plus history of chronic respiratory disease (Model 4). 
We selected regression covariates based upon prior theory and results of the bivari-
ate comparisons. We performed two additional regression analyses, restricted to 
respondents who attended any large gathering, to assess whether number of gath-
erings attended or number of people in attendance was associated with odds of a 
positive COVID-19 test. Finally, We compared patient characteristics for study par-
ticipants versus non-participants. We conducted all analyses using SAS Version 9.4 
(SAS Institute, Cary, NC).

Results

A total of 399 patients were tested for COVID-19 in March at a community hospital; 
176 participated in the telephone survey, giving a 44% response rate. One-hundred-
and-six survey participants were COVID-positive (60%) while 70 participants tested 
negative.

Table 1  Survey questions and response options (in parentheses)

1. Prior to your hospital presentation, what was your living situation? (Lived alone, lived with room-
mates, lived in a group home, lived in a nursing home, lived in a rehab, other)

2. How many people lived with you?
3. Did any of them show signs of infection prior to admission?
4. At the time of your presentation, did you work?
5. What type of work setting? (Office, School/child care, factory/warehouse, construction/landscaping, 

facilities management, restaurant/food industry, retail, other)
6. Approximately how many people do you work with?
7. Was anybody at work sick prior to your presentation to Somerset Hospital?
8. Do you commute to New York City regularly?
9. Do you use public transportation? If yes, what type? (Train, bus, other)
10. In the 3 weeks prior to your presentation to Somerset did you visit a nursing home, hospital or long-

term care facility?
11. Approximately how many of these events did you attend?
12. Approximately how many people were in attendance?
13. Have you identified any other places/events where you think you may have been exposed to coronavi-

rus? If yes please provided details.
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Based on the medical records, COVID-positive survey respondents, relative to 
COVID-negative respondents, were older (median age, 56.5 vs. 45.0,  p < .001), 
more likely to be male (54.7% vs. 41.4%, p = .08), admitted to the hospital (52.4% 
vs. 22.4%, p < .001), admitted to the ICU (18.1% vs. 3.0%, p = .003), and intubated 
(16.2% vs. 1.5%, p = .002). History of chronic respiratory disease was less prevalent 
among COVID-positive respondents than COVID-negative respondents (5.7% vs. 
27.3%, p < .001). COVID-19 status did not significantly differ with the prevalence of 
hypertension, diabetes, smoking, and obesity. COVID-19 status did not significantly 
differ with racial/ethnic distributions except for non-Hispanic Asians for whom a 
higher proportion were COVID-positive (26.4% vs. 17.1% for COVID-negative 
respondents).

Analysis of survey data (see Table 1) found no association between living situ-
ation and COVID-19 test result. COVID-19 status did not significantly differ with 
employment. However among employed respondents, more COVID-positive than 
COVID-negative participants worked in a factory, construction, or facilities set-
ting while COVID-negative participants were more likely to work in healthcare set-
tings. COVID-19 status did not correlate with number of co-workers. The propor-
tions of COVID-positive and COVID-negative respondents who commuted to New 
York City were both low. Having visited a nursing home within three weeks prior 
to presentation was significantly less prevalent among COVID-positive respondents, 
whereas having attended a large gathering was more prevalent among COVID-posi-
tive respondents.

In multivariable regression (see Table 2), the magnitude of association between 
attendance at a large gathering and COVID test result increased when adjusting for 
visiting a nursing home, living situation, and occupation in addition to age, sex, 
and race/ethnicity. Among respondents who reportedly attended at least one large 
gathering, odds of a positive COVID-19 test did not differ according to the number 
of gatherings attended (per 1 additional gathering, OR 0.96, 95% CI 0.86, 1.06) or 
the number of people in attendance at the gatherings (per 10 additional people, OR 
1.0005, 95% CI 1.00, 1.00) (Table 3).

Discussion

We found that attending even a single large gathering was consistently and posi-
tively associated with a positive COVID-19 test. Notably, the odds of a positive test 
did not significantly increase with the number of people in attendance or the number 
of events attended by the survey respondent. A single event was enough to increase 
odds of contracting COVID-19.

We hypothesize that, unlike daily or weekly tasks such as grocery shopping, large 
gatherings result in stationary positions for longer periods of time, creating longer 
exposures and higher risk of virus transmission. As businesses reopen and “normal” 
activities resume, individuals must weigh the risks and benefits of each outing as a 
potential opportunity for exposure. Based on our study, attendance at a single large 
gathering such as a movie, church service, party, or sporting event is associated with 
an increased risk of contracting COVID-19.



161

1 3

Journal of Prevention (2022) 43:157–166 

Ta
bl

e 
2 

 S
ur

ve
y 

Re
sp

on
se

s o
f t

ho
se

 T
es

te
d 

fo
r C

O
V

ID
-1

9 
(N

 =
 17

6)

A
ll 

Re
sp

on
de

nt
s

CO
V

ID
-1

9 
Po

si
tiv

e
CO

V
ID

-1
9 

N
eg

at
iv

e

N
 =

 17
6

n =
 10

6
n =

 70

n
(%

)
n

(%
)

n
(%

)

W
ha

t i
s y

ou
r l

iv
in

g 
si

tu
at

io
n

 
Li

ve
 a

lo
ne

26
(1

4.
8)

17
(1

6.
0)

9
(1

2.
3)

 
Li

ve
 w

ith
 fa

m
ily

 o
r r

oo
m

m
at

es
15

0
(8

5.
2)

89
(8

4.
0)

61
(8

7.
1)

H
ow

 m
an

y 
pe

op
le

 d
o 

yo
u 

liv
e 

w
ith

? 
n,

 m
ed

ia
n 

[I
Q

R]
14

9,
 3

.0
(2

.0
)

89
, 3

.0
[2

.0
]

60
, 2

.5
[2

.0
]

 
D

id
 a

ny
 sh

ow
 si

gn
s o

f i
nf

ec
tio

n?
53

(3
0.

1)
37

(4
1.

6)
16

(2
6.

2)
D

id
 y

ou
 w

or
k?

 Y
es

 %
10

3
(5

8.
5)

57
(5

4.
3)

46
(6

5.
7)

 W
ha

t i
s y

ou
r w

or
k 

se
tti

ng
?

 
O

ffi
ce

24
(2

3.
3)

14
(2

4.
6)

10
(2

2.
2)

a

 
H

ea
lth

ca
re

 (h
os

pi
ta

l, 
re

ha
b,

 la
b,

 E
M

S,
 p

ha
rm

ac
y)

34
(3

3.
0)

15
(2

6.
3)

19
(4

2.
2)

 
Fa

ct
or

y,
 c

on
str

uc
tio

n,
 fa

ci
lit

ie
s

18
(1

7.
5)

14
(2

4.
6)

4
(8

.9
)

 
Re

st
au

ra
nt

/fo
od

 se
rv

ic
es

, r
et

ai
l

9
(8

.7
)

3
(5

.3
)

6
(1

3.
3)

 
 O

th
er

e
17

(1
6.

5)
11

(1
9.

3)
6

(1
3.

3)
 H

ow
 m

an
y 

pe
op

le
 d

o 
yo

u 
w

or
k 

w
ith

? 
n,

 m
ed

ia
n 

[I
Q

R]
10

0,
 2

0.
0

[4
3.

5]
56

, 2
0.

0
[4

4.
0]

44
, 2

3.
0

[4
3.

5]
 W

as
 a

ny
on

e 
at

 w
or

k 
si

ck
?

44
(2

5.
0)

23
(4

1.
1)

21
(4

6.
7)

D
o 

yo
u 

co
m

m
ut

e 
to

 N
Y

C
?

23
(1

3.
1)

13
(1

2.
4)

10
(1

4.
3)

D
o 

yo
u 

us
e 

pu
bl

ic
 tr

an
sp

or
ta

tio
n?

18
(1

0.
2)

10
(9

.5
)

8
(1

1.
4)

 
1-

tra
in

10
(5

.7
)

4
(4

0.
0)

6
(7

5.
0)

 
2-

bu
s

4
(2

.3
)

3
(3

0.
0)

1
(1

2.
5)

 
Ta

xi
4

(2
.3

)
3

(3
0.

0)
1

(1
2.

5)
In

 th
e 

3 
w

ee
ks

 p
rio

r t
o 

yo
ur

 p
re

se
nt

at
io

n 
di

d 
yo

u 
vi

si
t a

 n
ur

si
ng

 h
om

e,
 h

os
pi

-
ta

l o
r c

ar
e 

fa
ci

lit
y?

45
(2

5.
6)

18
(1

7.
3)

27
(3

8.
6)

**

In
 th

e 
3 

w
ee

ks
 p

rio
r t

o 
yo

ur
 p

re
se

nt
at

io
n 

di
d 

yo
u 

at
te

nd
 a

ny
 la

rg
e 

ga
th

er
in

gs
?

69
(3

9.
2)

48
(4

5.
7)

21
(3

0.
0)

*



162 Journal of Prevention (2022) 43:157–166

1 3

a  Fi
sh

er
’s

 E
xa

ct
 T

es
t d

ue
 to

 e
xp

ec
te

d 
sm

al
l c

el
l c

ou
nt

s
*p

 <
 .0

5;
 *

*p
 <

 .0
1

Ta
bl

e 
2 

 (c
on

tin
ue

d)

A
ll 

Re
sp

on
de

nt
s

CO
V

ID
-1

9 
Po

si
tiv

e
CO

V
ID

-1
9 

N
eg

at
iv

e

N
 =

 17
6

n =
 10

6
n =

 70

n
(%

)
n

(%
)

n
(%

)

 
H

ow
 m

an
y 

ga
th

er
in

gs
? 

n,
 m

ed
ia

n,
 ra

ng
e 

[I
Q

R]
66

, 2
.0

1–
25

, [
2.

0]
46

, 2
.0

1–
21

, [
2.

0]
20

, 2
.0

1–
25

, [
4.

0]
 

H
ow

 m
an

y 
pe

op
le

 w
er

e 
in

 a
tte

nd
an

ce
? 

n,
 m

ed
ia

n,
 ra

ng
e 

[I
Q

R]
67

, 5
0.

0
10

–1
80

00
, [

70
.0

]
46

, 5
0.

0
10

–1
80

00
, [

70
.0

]
21

, 7
0.

0
10

–7
50

0,
 [1

30
.0

]



163

1 3

Journal of Prevention (2022) 43:157–166 

Ta
bl

e 
3 

 M
ul

tiv
ar

ia
bl

e 
as

so
ci

at
io

ns
 w

ith
 p

os
iti

ve
 C

O
V

ID
-1

9 
te

st 
am

on
g 

su
rv

ey
 re

sp
on

de
nt

s (
N

 =
 17

6)

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

CO
V

ID
 

pr
ev

al
en

ce
, 

%

aO
R

(9
5%

 C
I)

aO
R

(9
5%

 C
I)

aO
R

(9
5%

 C
I)

aO
R

(9
5%

 C
I)

A
tte

nd
ed

 a
ny

 la
rg

e 
ga

th
er

in
gs

?
 

Ye
s

69
.6

%
2.

05
*

(1
.0

35
, 

4.
06

5)
2.

05
*

(1
.0

28
, 4

.1
06

)
2.

50
*

(1
.1

94
, 5

.2
18

)
2.

27
*

(1
.0

16
, 5

.0
72

)

 
N

o
53

.8
%

Re
f.

Re
f.

Re
f.

Re
f.

R
ac

e/
Et

hn
ic

ity
 

C
au

ca
si

an
, n

on
-

H
is

pa
ni

c
59

.5
%

Re
f.

Re
f.

Re
f.

Re
f.

 
B

la
ck

, n
on

-
H

is
pa

ni
c

59
.1

%
1.

09
(0

.3
91

, 
3.

03
6)

1.
20

(0
.4

18
, 3

.4
36

)
1.

11
(0

.3
74

, 3
.2

89
)

1.
07

(0
.3

09
, 3

.6
73

)

 
H

is
pa

ni
c

55
.0

%
1.

03
(0

.3
61

, 
2.

96
3)

1.
15

(0
.3

94
, 3

.3
62

)
1.

38
(0

.4
5,

 4
.2

48
)

1.
05

(0
.3

22
, 3

.4
0)

 
A

si
an

, n
on

-
H

is
pa

ni
c

70
.0

%
2.

47
*

(1
.0

17
, 

6.
00

5)
2.

56
*

(1
.0

49
, 6

.2
47

)
3.

56
*

(1
.2

34
, 1

0.
22

8)
3.

97
*

(1
.2

89
, 1

2.
25

7)

 
O

th
er

/U
nk

no
w

n
46

.7
%

0.
86

(0
.2

5,
 

2.
98

5)
1.

01
(0

.2
84

, 3
.6

13
)

1.
22

(0
.3

29
, 4

.5
19

)
1.

07
(0

.2
73

, 4
.1

88
)

V
is

ite
d 

a 
nu

rs
in

g 
ho

m
e,

 h
os

pi
ta

l 
or

 c
ar

e 
fa

ci
lit

y?
 

Ye
s

40
.0

%
0.

48
(0

.2
14

, 1
.0

53
)

0.
36

*
(0

.1
39

, 0
.9

31
)

0.
37

(0
.1

34
, 1

.0
2)

 
N

o
66

.7
%

Re
f.

Re
f.

Re
f.

W
ha

t i
s y

ou
r l

iv
in

g 
si

tu
at

io
n

 
Li

ve
 a

lo
ne

65
.4

%
Re

f.
Re

f.



164 Journal of Prevention (2022) 43:157–166

1 3

Ta
bl

e 
3 

 (c
on

tin
ue

d)

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

CO
V

ID
 

pr
ev

al
en

ce
, 

%

aO
R

(9
5%

 C
I)

aO
R

(9
5%

 C
I)

aO
R

(9
5%

 C
I)

aO
R

(9
5%

 C
I)

 
Li

ve
 w

ith
 fa

m
ily

 
or

 ro
om

m
at

es
59

.3
%

0.
82

(0
.3

04
, 2

.2
14

)
0.

43
(0

.1
29

, 1
.4

26
)

W
or

k 
se

tti
ng

 
D

id
 n

ot
 w

or
k

66
.7

%
Re

f.
Re

f.
 

O
ffi

ce
58

.3
%

1.
10

(0
.3

62
, 3

.3
49

)
1.

15
(0

.3
58

, 3
.7

09
)

 
H

ea
lth

ca
re

 (h
os

-
pi

ta
l, 

re
ha

b,
 la

b,
 

EM
S,

 p
ha

rm
ac

y)

44
.1

%
2.

24
(0

.6
66

, 7
.5

1)
2.

64
(0

.7
, 9

.9
54

)

 
Fa

ct
or

y,
 

co
ns

tru
ct

io
n,

 
fa

ci
lit

ie
s

77
.8

%
4.

06
(0

.9
87

, 1
6.

69
)

5.
41

*
(1

.1
58

, 2
5.

27
3)

 
Re

st
au

ra
nt

/fo
od

 
se

rv
ic

es
, r

et
ai

l
33

.3
%

0.
39

(0
.0

64
, 2

.3
32

)
1.

11
(0

.1
65

, 7
.4

36
)

 
O

th
er

^
64

.7
%

1.
95

(0
.5

56
, 6

.8
24

)
1.

59
(0

.4
2,

 6
.0

13
)

C
hr

on
ic

 R
es

pi
ra

-
to

ry
 D

is
ea

se
 

Ye
s

25
.0

%
0.

07
**

(0
.0

19
, 0

.2
46

)
 

N
o

67
.4

%
Re

f.
^  A

ll 
m

od
el

s a
dj

us
t f

or
 a

ge
 (c

on
tin

uo
us

) a
nd

 se
x 

(m
al

e 
vs

. f
em

al
e)

*p
 <

 .0
5;

 *
*p

 <
 .0

01

C
ol

um
n 

B
 sh

ow
s t

he
 p

er
ce

nt
 o

f p
os

iti
ve

 C
O

V
ID

 te
sts

 p
er

 g
ro

up



165

1 3

Journal of Prevention (2022) 43:157–166 

Regarding occupation, survey respondents who worked in a factory, construc-
tion, or facilities (i.e., environmental or janitorial services) setting had significantly 
higher odds of a positive test compared to those who were unemployed. Potential 
factors influencing this finding in the industrial setting include lower temperatures 
facilitating transmission, droplet exposure, and proximity to coworkers (Middleton, 
Reintjes, & Lopes, 2020). These factors also explain why other job settings of simi-
lar socioeconomic status, such as food services and retail, do not exhibit the same 
increase in odds of a positive test.

Our survey shows that respondents that worked in health care were more likely to 
be COVID-19 negative. While this initially seems counterintuitive, we hypothesize 
that this is related to high rates of concern for exposure amongst those in health care 
and access to testing through the workplace. Of note, we did not specifically ask 
health care workers if they were working with COVID-19 patients.

Our study took place in the early days of the pandemic’s spread, a time when lit-
tle about the virus was well-understood and before mask mandates were in place. In 
the subsequent year, researchers have worked diligently to identify the risks associ-
ated with various daily activities (Sun et al., 2020) as well as the impact of social 
distancing and shelter-in-place policies (Cobb, 2020; Lyu, 2020). Our study adds to 
this body of work, making the case for restriction of large gatherings as a means to 
mitigate spread of SARS-CoV-2.

The limitations of this study should be noted. The retrospective nature of this sur-
vey makes it subject to recall bias. We also surveyed only those that were tested for 
COVID in a hospital setting, rather than a survey of the general population, leading 
to selection bias. In addition, the next of kin were surveyed in the case of a patient’s 
death, introducing further recall bias. Participants were also more likely than non-
participants to have tested positive for COVID-19, suggesting our study population 
may not be representative of all patients, and that possibly the severity of symptoms 
led these participants to the hospital setting. However, we did not observe significant 
differences in demographics or comorbidities when comparing participants to non-
participants, tempering concerns about selection bias. In addition, the use of PPE 
was not asked of survey respondents as the national guidance at that time, March 
2020, was to preserve and reallocate PPE to healthcare workers.

Conclusions

Our results indicate that gathering in groups as well as factory, construction, or facili-
ties job settings are modifiable risks factors associated with positive COVID-19 test 
results in March 2020 at our community hospital in Central New Jersey. It is impor-
tant that, as states move towards reopening, public officials be aware of what types of 
events carry the highest risk to citizens and, therefore, weigh the risks and benefits of 
each sequential step towards returning to normal. While vaccination may solve many of 
these concerns it is assumed that there will be future pandemics for which state and fed-
eral governments must be prepared. A better understanding of relative risks of various 
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behaviors may help enact policies that allow for judicious restriction of activities while 
preventing a shutdown as has been seen during this pandemic
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