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Abstract
Early in the pandemic, New Jersey (NJ) long-term care facilities (LTCFs) witnessed severe COVID-19 illness. With limited 
surveillance to characterize the scope of infection, we estimated the prevalence of antibody to the SARS-CoV-2 nucleocapsid 
protein among residents and staff, to describe the epidemiology, and to measure antibody distribution by prior PCR/antigen 
status and symptomatology. 10 NJ LTCFs of 20 solicited with diverse geography and bed-capacities were visited between 
October 2020 and March 2021. A single serum was tested for total N-antibody (ELISA) by the state laboratory. Residents’ 
demographics and clinical history were transcribed from the patient record. For staff, this information was solicited directly 
from employees, supplemented by prior PCR/antigen results from facilities. 62% of 332 residents and 46% of 661 staff tested 
N-antibody positive. In a multivariable logistic regression in residents, odds ratios for older age and admission prior before 
March 1, 2020 were significant. Among the staff, odds ratios for older age, ethnic-racial group, nursing-related job, and 
COVID-19 symptoms were significantly associated with N-antibody positivity. In a sub-analysis in five better record-keeping 
LTCFs, 90% of residents and 85% of staff with positive PCR/antigen results were seropositive for N-antibody, yet 25% of 
residents and 22% of staff were N-antibody positive but PCR/antigen and symptoms negative. The high rate of clinically 
unsuspected infections likely contributed to the spread. These findings argue for robust surveillance, regular screening of 
asymptomatic individuals, and vaccinating both residents and staff to abate the pandemic. The data also provide guidance 
to prevent future outbreaks.
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Introduction

During the pandemic’s first wave, COVID-19 had a devas-
tating impact on nursing homes and other long-term care 
facilities (LTCFs) in New Jersey, in other states, and in 
other high-income countries such as Canada, France, and 
the United Kingdom [1–7]. While LTCF staff experienced 

elevated morbidity and mortality, their residents—com-
monly elderly with multiple comorbid conditions—suffered 
from particularly high case fatality rates [8–10]. COVID-
19 struck NJ early, and spread rapidly especially in LTCFs. 
The first case was diagnosed on March 4, 2020 in northern 
New Jersey, and by April 1st, more than 20% of NJ’s LTCFs 
had at least one COVID-19 case. As this first wave pro-
gressed from its epicenter in northern New Jersey through 
the entire state, very few LTCFs remained unscathed. By 
November 18, 2021, the total number of confirmed cases 
among LTCF residents exceeded 34,080 of whom 8006 died 
[11]. Cumulatively residents of LTCFs have accounted for 
an estimated 30% of COVID-19 deaths in New Jersey while 
comprising only 3% of the confirmed cases [11]. Among 
an estimated 55,000 staff, there have been 23,291 reported 
confirmed infections of whom 145 had died of COVID-19 
as of November 18, 2021.
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Complicating both the characterization of outbreaks and 
the infection control response, testing availability was lim-
ited early in the pandemic. In April 2020, real-time poly-
merase chain reaction (PCR) testing for SARS-CoV-2 was 
reserved for those LTCF residents and staff exhibiting symp-
toms of COVID-19, and it was not always possible to test all 
who were ill. In May 2020, as testing became more readily 
available, NJ required LTCFs to provide a baseline screen-
ing test for asymptomatic staff and residents [12]. In August 
2020 regular weekly screening testing became required.

In addition to the State of New Jersey, the Centers for 
Medicare and Medicaid Services (CMS) also set require-
ments in the summer of 2020 for periodic testing of LTCF 
residents and staff [13]. Testing for detection of nucleocapsid 
antigen was implemented beginning in October, 2020 (per-
sonal communication, James Gonzalez, President, Broadway 
House for Continuing Care, Newark, NJ).

Given the difficulty characterizing the scope of infection 
in LTCFs early in the pandemic, we undertook this study 
(1) to estimate the prevalence of antibodies to the SARS-
CoV-2 nucleocapsid protein among residents and staff of 
LTCFs in New Jersey, (2) to complement the serologic data 
with surveillance infection data available to the New Jersey 
Department of Health, and (3) to describe the epidemiology 
of COVID-19 in residents and staff. In addition, in those 
LTCFs with evidence of reliable reporting of antigen and 
PCR tests for SARS-CoV-2 as determined by matching 
facility records with those in New Jersey’s Communicable 
Diseases Reporting and Surveillance System (CDRSS), we 
sought to compare the distribution of SARS-CoV-2 antibody 
to PCR/antigen test reporting.

Methods

Sampling

The 356 NJ LTCFs were categorized into 3 constituent 
regions of New Jersey [north (130), central (119), and south 
(107)] as well as bed capacity [≤ 100 beds (164), 101–175 
beds (77), and > 175 beds (115)]. We estimated that a total 
of 10 facilities would have provided approximately 500 resi-
dents and 1000 staff. It required solicitation from 20 LTCFs 
reflecting these geographic and bed capacity categories to 
acquire 10 participating LTCFs. Facilities were contacted 
by letter and by telephone to explain the details of the study. 
Once the facility manager indicated participation in writ-
ing, we disseminated an educational flyer for the residents 
and staff.

The study protocol and consent forms were approved by the 
Rutgers Institutional Review Board. Residents and staff were 
enrolled by written consent. Only residents who were able to 
consent for themselves were offered enrollment in the study. 

Within the facilities, we enrolled as many residents and staff 
as we could within an approximate 2 week period.

Procedures

Blood drawing on residents was done throughout the day to 
optimize their availability. Enrollment of staff was offered 
at various times of day in order to enroll both daytime and 
nighttime shift workers. Blood was drawn and transferred to 
the state’s public health laboratory (New Jersey Public Health 
and Environmental Laboratory, NJPHEL). Serological tests 
for nucleocapsid (N) antibodies (IgA, IgM, and IgG) were 
conducted using Bio-Rad Platelia SARS-CoV-2 Total Ab 
assay (authorized by the FDA under an EUA). Sensitivity and 
specificity of the test on serum were reported as 98.0% (95% 
CI 89.5, 99.6) and 99.3% (95% CI 98.3, 99.7) [14]. SARS-
CoV-2 provokes antibody to the nucleoplastid (N) and spike 
(S) proteins. Antibody to N protein is produced only to natural 
infection, while antibody to S protein is made to both infection 
and to the vaccines administered during this study. N-antibody 
was chosen in this study to focus solely on infection.

Demographics and Infection Testing

Staff characteristics, such as demographics and employment 
type (nurse, social workers, doctor, physical or occupational 
therapist, administrator, maintenance and facilities) were 
obtained using a structured questionnaire and entered into a 
computerized database using REDCap (Research Electronic 
Data Capture) [15]. For residents, age, gender and ethnic-
racial group were abstracted directly from charts available at 
the LTCF. For both residents and staff, ethnic-racial groups 
were characterized as non-Hispanic Black, non-Hispanic 
White, non-Hispanic Asian, Hispanic (of any race), and 
other or unknown. Staff were asked whether there had been 
a prior history of COVID-19 or symptoms of a COVID-19-
like illness, and symptoms were measured against the Cent-
ers for Disease Control and Prevention (CDC) clinical case 
definition [16]. For residents and staff, PCR and antigen tests  
taken prior to the date of blood drawing were abstracted 
from LTCF records. Subjects were classified as ever positive 
on one of these viral tests if any PCR or antigen test taken 
prior to antibody testing was positive. When more than one 
test was positive, the date of the first PCR or antigen positive 
test was used.

Comparison of NJ DOH Surveillance Versus Study 
History of Infection

Per State of New Jersey Executive Directive No. 20-013 
[12], no later than May 19, 2020, LTCFs were required by 
then Commissioner of Health Judith Persichilli to submit 
testing PCR and antigen results and dates to the CDRSS. To 
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evaluate the study data of PCR and antigen results on staff 
and residents, we compared our study data with surveillance 
reporting for the facilities’ reporting to CDRSS. To estimate 
the completeness of reporting of PCR and antigen tests by 
residents or staff in each facility, we submitted the list of 
staff and residents participating in the study to the New Jer-
sey State Department of Health (NJ DOH) list of SARS-
CoV-2 positive individuals in the CDRSS. Without identify-
ing individuals to our researchers, the NJ DOH reviewed the 
CDRSS for the number of these study participants positive 
by facility as of the date of our initial study visit. Facilities 
for whom the study team determined that PCR and antigen 
results were fully ascertained (for whom our positive reports 
accounted for at least 80% of CDRSS positives among these 
residents or staff) were considered “reliable” reporters. 
These residents and staff were then categorized by the pres-
ence of undiagnosed infection, defined as presence of the 
N-antibody in the absence of a history of (a) positive PCR/
antigen test or (b) presumptive COVID-19 illness.

As a measure of the infection rate in residents at each 
facility, the percent of cumulative COVID-19 cases in 
CDRSS divided by the occupied beds was calculated. In a 
sensitivity analysis, the correlation between this ratio and the 
study’s N-antibody positivity for each facility was measured 
(Pearson) to gauge the accuracy of the N-antibody results.

Risk Factors Associated with Seropositivity

Bivariate and logistic-regression was used to estimate the 
odds ratio of N-antibody positivity by age groups, gen-
der, and ethnic-racial groups, with facility serving as the 
matching variable. The matching by facility allowed pool-
ing across the ten facilities to increase the sample power. 
We also conducted a sub-analysis of nurses and related staff 

defined as those who reported their position as registered 
nurse, licensed practical nurse, medical assistant, respiratory 
therapist, and phlebotomist. Analysis was performed using 
SAS version 9.4 (SAS Institute, Inc., Cary, NC).

Result

Ten sites agreed to participate. The distribution of facili-
ties by region and bed occupancy is displayed in Table 1. 
Bed numbers for these LTCFs ranged from a minimum of 
60 to a maximum of 574.

From October 20, 2020 through March 4, 2021, we 
obtained written consent and enrolled 361 residents and 
730 staff at 10 LTCFs. The distribution of COVID-19 case 
and fatality counts by LTCF prior to visit by the study team 
is shown in Table 1. There was significant morbidity and 
mortality in residents and staff at all facilities regardless of 
bed count. Cumulative reported cases in residents in smaller 
facilities ranged from 10 to 45, and reported deaths from 1 to 
14. In the largest facilities, cumulative reported cases varied 
from 82 to 281 with 15 to 66 reported deaths. Cases in staff 
across all facilities ranged from 21 to 94, and there was one 
COVID-19 death reported in a staff member [17].

Staff case rates in the north and central regions of the 
state began rising sooner and peaked at a higher level than 
those in the south (Fig. 1). A similar trend was seen in the 
general population where southern case rates rose later and 
peaked later and lower than those in the Central and North-
ern New Jersey.

Serologic results were available for 337 residents: 208 
(61.7%) were N-antibody positive, 124 (36.8%) were nega-
tive, and 5 (1.5%) had an equivocal result. Of the 332 resi-
dents with positive or negative N-antibody, gender was 

Table 1  The 10 NJ LTCFs by region, bed occupancy, Staff, NJ CDRSS COVID-19 cases and deaths in residents and staff as of date of study 
visit to facility

a One death reported in a staff member

Facility Region Number of beds Estimated staff Cumulative total resi-
dents with COVID-19

Cumulative total COVID-
19 deaths in residents

Cumulative total 
staff with COVID-
19a

1 North  < 100 128 10 1 26
2 North 100–175 174 44 11 33
3 North 100–175 214 100 28 24
4 North  > 175 754 281 66 94
5 North  > 175 284 82 15 37
6 Central  < 100 142 45 14 24a

7 Central 100–175 230 62 15 29
8 Central  > 175 322 103 28 27
9 South  < 100 108 29 2 21
10 South  > 175 296 126 42 46

Total 2652 882 222 361
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almost equally distributed: 162 residents were male and 
170 were female (Table 2). The mean age of residents was 
70.8 years (standard deviation 14.1). Ethnic-racial group 
was known for 95% of residents: 56.6% were non-Hispanic 
White, 19.1% were non-Hispanic African-American, 12.8% 
were non-Hispanic Asian and 11.6% were Hispanic.

Serologic results were available for 667 staff: 309 (46.3%) 
were N-antibody positive, 352 (52.8%) were negative, and 
6 (0.9%) were equivocal. Of the 661 staff with positive or 
negative results, most staff (79.0%), were female. The mean 
age of staff was 49.3 years (standard deviation 13.0). Among 
the 86% of staff with known ethnic-racial group, 29.4% were 

Fig. 1  Staff PCR/antigen posi-
tive tests (first date) by month 
by facility and geography, 
n = 126
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Table 2  Demographic characteristics of residents and staff

a Five residents had equivocal N-antibody test
b Six staff (0.90%) had an equivocal N-antibody test

Variable Category Residents n =  332a Staff n =  661b

Number N-Ab percent Chi square Number N-Ab percent Chi square

Gender Female 170 65.3 p = 0.3077 522 46.7 p = 0.9968
Male 162 59.9 139 46.8

Age in years, staff  < 25 24 20.8 p = 0.0317
25–34 82 39.0
35–44 112 43.8
45–54 190 51.6
55–64 171 51.5
 ≥ 65 82 45.1
Median [IQR] 51 [41, 60]

Age in years, residents  < 65 years 114 46.5 p < 0.0001
65–74 years 84 66.7
75–84 years 67 71.6
 ≥ 85 years 67 76.1
Median [IQR] 70 [61, 81]

Ethnicity/race Non-Hispanic white 179 69.8 p = 0.0002 167 32.3 p = 0.0002
Non-hispanic black 61 47.5 186 53.8
Hispanic 35 37.1 64 45.3
Non-Hispanic Asian 41 70.7 150 55.3
Unknown/Other 16 75.0 94 45.7
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non-Hispanic Whites, 32.8% were non-Hispanic African-
American, 26.4% were non-Hispanic Asians, and 11.3% 
were Hispanics.

Of the 332 residents with positive or negative N-antibody, 
seropositivity in residents was higher in men (65.3% versus 
59.9% in women) but not statistically significant. Incidence 
increased with age, from a low of 46.5% among those aged 
under 65 years to a high of 76.1% among those 85 years or 
older (Mantel–Haenszel Chi square < 0.0001, Tables 2 and 3, 
Residents). Non-Hispanic Whites and Asians had the highest 
seroprevalence (69.8% and 70.7% respectively) compared 
to non-Hispanic African-Americans and Hispanics (47.5% 
and 37.1% respectively) (Chi square p = 0.0002). Residents 
admitted to their LTCF before March 1, 2020, i.e., prior to 
the first wave, were more likely to be N-antibody positive 
(Chi square p = 0.0002). For the ten facilities, N-antibody 
positivity ranged from 19 to 84%, median 70%. The ratio of 
cumulative COVID-19 cases reported to CDRSS to the bed 
occupancy by facility ranged from 16 to 93%, median 60.5. 
The Pearson correlation between this ratio and N-antibody 
positivity by facility was 0.75 (95% CI 0.19, 0.93).

Of the 661 staff with positive or negative N-antibody 
results, the prevalence of N-antibody in men and women 
was equal. There was generally an increase in N-antibody 
positivity with age in staff, from a low of 20.8% in those 
less than 25 years to approximately 51.5% in the 45 to 54 
and 55 to 64 year age groups (Mantel–Haenszel Chi square 
p = 0.0182, Tables 2 and 4, Staff). Staff who self-reported 

their ethnic-racial group as non-Hispanic African-Amer-
ican (53.8%) or non-Hispanic Asian (55.3%) were more 
likely than non-Hispanic Whites (32.3%) to be N-antibody 
positive (Chi square p = 0.001). Body mass index was 
not significantly associated with N-antibody positivity 
(p > 0.05). Nursing-related staff had a higher N-antibody 
positivity than non-nursing workers (OR = 1.68, 95% CI 
1.10, 2.56, Chi square p = 0.0002). Staff who reported 
symptoms meeting the CDC case definition for COVID-
19 were more than nine times more likely to be N-anti-
body positive (OR = 9.82, 95% CI 6.08, 15.87, Chi square 
p < 0.0001).

In a multivariable logistic regression in residents includ-
ing gender, age, racial ethnic group and admission date to 
the facility (Tables 3 and 4, Residents), the odds ratios were 
similar to those observed in the bivariate analysis. Older age 
and admission to the facility before March 1, 2020 remaining 
significant. In the staff, odds ratios for older age, Hispanic, 
non-Hispanic African-American, and Asian racial ethnic 
group, nursing-related job, and COVID-19 symptoms were 
significantly associated with N-antibody positivity. Restrict-
ing this multivariable analysis to nurses and nursing-related 
staff, the odds ratios for non-Hispanic African-Americans 
and Asians compared with non-Hispanic Whites remained 
significant OR = 4.64, 95% CI 1.96, 10.9, and OR = 2.96, 
95% CI 1.16, 7.57, respectively.

There were 197 residents enrolled at sites with “reliable” 
reporting of PCR or antigen tests to NJ DOH; 101 (51.3%) 

Table 3  Bivariate and multivariate logistic regression of risk factors and N-antibody positivity: residents

Frequencies, percentages, unadjusted and adjusted odds ratios, and 95% confidence intervals
Odds ratios with confidence intervals excluding 1.0 are bolded
Model: N-antibody = gender, age group, ethnic-racial group, admitted to facility before 3/20/2020, n =  332a

a Five residents had an equivocal N-antibody test result
b 16 residents with unknown race/ethnicity
c Five residents with unknown admission date

Factor N-Ab positive, 
(percent)

Unadjusted OR 95% CI Adjusted OR 95% CI

Gender M 111 (65.3) 1 Ref 1 Ref
F 97 (59.9) 1.11 0.67, 1.83 0.96 0.548, 1.69

Age group (years) Under 65 53 (46.5) 1 Ref 1 Ref
65–74 56 (66.7) 1.76 0.92, 3.39 1.88 0.92,3.849
75–84 48 (71.6) 2.04 0.99, 4.21 2.33 1.01, 5.39
85 or older 51 (76.1) 5.16 2.13, 12.50 6.84 2.52, 18.58

Ethnic-racial group Non-Hispanic white 125 (69.8) 1 Ref 1 Ref
Non-Hispanic African-

American
29 (47.5) 0.87 0.38, 2.02 1.15 0.45, 2.91

Hispanic 13 (37.1) 0.52 0.21, 1.31 0.76 0.27, 2.09
Non-Hispanic Asian 29 (70.7) 0.96 0.41, 2.27 0.71 0.28, 1.82

Admitted before 3/2020c Yes 146 (69.9) 3.27 1.84, 5.79 3.52 1.90, 6.52
No 58 (49.2) 1 Ref
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had a positive PCR or antigen test recorded (Table 5). Of 
these 101, 91 (90.1%) were positive for N-antibody com-
pared to 21 of 87 (24.1%) with a negative PCR/antigen test 
report (Chi square p < 0.001). There were 115 N-antibody 
positive residents (58.4%); 91 of these (79.1%) were PCR/
antigen positive and 21 (24.7%) were PCR/antigen negative, 
and symptoms negative or missing information (Table 5).

There were 309 staff enrolled at sites with "reliable” 
reporting of PCR or antigen tests to NJ DOH; 80 (25.9%) 
had a positive PCR or antigen test recorded (Table 5). 

Of these 80, 68 (85.0%) were positive for N-antibody 
compared to 52 N-antibody positives (23.1%) among the 
225 with a negative PCR/antigen test report (Chi square 
p < 0.001). Of the 44 staff who reported negative PCR/
antigen history but who also reported symptoms meet-
ing the CDC case definition of COVID-19, 22 (50%) 
were N-antibody positive. Overall, of the 121 N-antibody 
positive staff, 68 (56.2%) were PCR/antigen positive, 48 
(39.7%) were PCR/antigen negative, and 26 (21.5%) were 
negative for PCR/antigen and symptoms (Table 5).

Table 4  Bivariate and multivariate logistic regression of risk factors and N-antibody positivity: staff

Frequencies, percentages, unadjusted and adjusted odds ratios, and 95% confidence intervals
Odds ratios with confidence intervals excluding 1.0 are bolded
Model: N-antibody = gender, age group, ethnic-racial group, nursing-related jobs, COVID-19 symptoms. n =  661a

a 6 staff had an equivocal N-antibody test result
94 staff had unknown or other ethnic-racial group

Factor n (%) Unadjusted OR 95% CI Adjusted OR 95% CI

Gender Male 65 (46.8) 1 Ref 1 Ref
Female 244 (46.7) 0.98 0.67, 1.44 0.79 0.48, 1.30

Age group (years) Under 25 5 (20.8) 1 Ref 1 Ref
25–34 32 (39.0) 1.92 0.63, 5.84 1.41 0.42, 4.78
35–44 49 (43.8) 2.68 0.90, 7.95 2.24 0.67, 7.54
45–54 98 (51.6) 3.68 1.28, 10.60 3.65 1.14 11.66
55–64 88 (51.5) 3.54 1.23, 10.20 3.80 1.18, 12.30
 ≥ 65 37 (45.1) 2.72 0.89, 8.29 3.06 0.89, 10.54

Ethnic-racial group Non-Hispanic White 54 (32.3) 1 Ref 1 Ref
Non-Hispanic African-American 100 (53.8) 2.17 1.34, 3.52 3.59 1.99, 6.48
Hispanic 29 (45.3) 1.46 0.77, 2.75 2.16 1.04, 4.50
Non-Hispanic Asian 83 (55.3) 1.73 1.03, 2.91 2.29 1.24, 4.21

Nursing-related jobs Other than nursing 136 (40.1) 1 Ref Ref Ref
Nursing related 173 (53.7) 1.84 1.33, 2.54 1.68 1.10, 2.56

COVID-19 symptoms Not a CDC case 150 (33.2) 1 Ref 1
CDC case 159 (76.1) 7.54 5.07, 11.23 9.82 6.08, 15.87

Table 5  Symptoms, PCR, and 
N-antibody in reliable reporting 
facilities

Facilities for whom study team determined that PCR and antigen results were well-documented
a Both residents and staff, p < 0.0001 Mantel–Haenszel Chi square for trend
b Of 50 staff, 44 were PCR negative (22 N-Ab positive), 6 lacked PCR result (4 N-Ab positive)
Nine residents (Three  N-antibody positive) and Four staff (One  N-antibody positive) were missing both 
symptoms and PCR information

COVID-19 symptoms or prior PCR/antigen 
positive result

Residents Staff

N-antibody N-antibody

Positive Total Percenta Positive Total Percenta

Negative both 21 85 24.7 26 175 14.9
Symptoms positive/PCR missing or negative 0 2 0.0 26 50b 52.0
PCR positive/symptoms missing or negative 85 95 89.5 21 29 72.4
Both positive 6 6 100.0 47 51 92.2
Total 112 188 59.6 120 305 39.3
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Discussion

This observational cross-sectional study found N-antibody 
in 62% of residents and 46% of staff in a sample from ten 
LTCFs in New Jersey during the fall and winter of 2020 
to 2021. This prevalence is far higher than the 15% esti-
mated in the general population by the Centers for Dis-
ease Control and Prevention using sera from commercial 
laboratories in September 2020 [18], it is also higher even 
than the 31% modeled using multiple data sources by the 
end of 2020 [7]. These findings are consistent with previ-
ous investigations into nursing home outbreaks where high 
antibody rates were found in residents and staff with symp-
toms or positive PCR tests [19, 20]. However, in the cur-
rent study, there was also a sizable antibody seropositivity 
among residents (24.7%) and staff (14.9%) who lacked his-
tory of symptoms or positive PCR/antigen tests, even in 
facilities with reliable test reporting. Noted also by other 
investigators [21, 22] this finding suggests that asymp-
tomatic or milder infections in either residents or staff 
were often not detected or diagnosed, especially in the 
early phase of the pandemic when testing was not widely 
available and routine screening testing was not performed 
[5]. The high rate of infection in both residents and staff 
underscores the ongoing need to screen for infection and 
vaccinate all who live or work in these sites.

The higher infection rate in nursing staff in this study 
was similar to findings in some but not all studies of 
SARS-CoV-2 in health care workers [23, 24]. In regard 
to race, there was a higher antibody positivity among staff 
but not residents who identified as African-American or 
Asian. Perhaps this is related to higher community expo-
sure to the virus among staff in these groups [25, 26] This 
convergence of risk factors in nursing staff is of particular 
concern because of their interaction with residents, and 
again highlights the need for implementing infection con-
trol precautions including vaccination.

Limitations

The validity of PCR/antigen testing and symptomatology 
was dependent on the frequency of testing and documenta-
tion in the resident’s chart. Testing of residents and staff 
was done initially only on symptomatic individuals, so 
milder infection might not have been recognized. Staff 
with fewer symptoms or less severe illness may not have 
sought testing. Furthermore, testing was not available, 
especially earlier in the outbreak. It is also possible that 
staff who had positive PCR/antigen tests were undercoun-
ted because some staff were tested outside of the facility. 
Although our investigators reminded staff to report test 

results from outside providers, some tests were probably 
missed. Still, the finding of a trend in seropositivity from 
subjects with negative symptom history and PCR/antigen 
results, to those with symptoms but negative history of 
PCR/antigen, to those positive for both symptoms and 
PCR/antigen supports the validity of our findings.

With regard to the disagreement between staff’s history of 
PCR/antigen test and the reports in CDRSS, some matches 
were missed because of differences in name or other demo-
graphic identifiers.

We were able to enroll both small and large facilities 
LTCFs geographically distributed throughout NJ. However, 
we tested a relatively small sample of the total residents and 
staff in these LTCFs. The requirement that residents had to 
be able to consent for themselves, a minority in most of these 
sites, limited enrollment. Less mentally competent residents 
required more assistance from nursing staff, so they may 
have had a higher risk of infection. Their exclusion from 
our study may have resulted in an underestimate of the sero-
prevalence in residents. On the other hand, residents who 
consented may have actively interacted with other residents 
and staff socially, increasing their infection rate. Hundreds of 
infected residents died prior to the study period. Therefore, 
survivor bias most likely suppressed our seropositivity rate.

Enrollment was more successful for staff but still com-
prised less than half of eligible workers. As with the resi-
dents, our rate of enrollment limited our ability to generalize 
our findings. It is difficult to predict whether the residents 
and staff who agreed to be tested were more or less likely to 
have been infected than the non-participants.

This study used the NJ DOH SARS-Co-V-2 surveillance 
system to evaluate the study infection data. The validity 
of a high N-antibody seropositivity in residents and staff 
was supported by a similarly high cumulative prevalence 
of infection reported by these facilities to the NJ CDRSS. 
This is also the only study to document the movement of the 
infection of SARS-Co-V-2 across a cross-section of LTCFs 
in New Jersey or any populous state during the first wave of 
the pandemic.

Conclusions

In this survey of ten geographically diverse LTCFs across 
New Jersey, 62% of residents and 46% of the staff tested 
positive for antibody to SARS-CoV-2. The data suggested 
that there were large numbers of clinically asymptomatic 
or mild infections. Although undiagnosed, these infec-
tions likely contributed to spread of the virus in LTCFs. 
The study’s infection and seroprevalence data enhanced the 
picture of SARS-Co-V-2 surveillance in NJ, as the DOH’s 
CDRSS mutually evaluated and complemented the study 
findings. Regular screening of asymptomatic individuals, 
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vaccinating both residents and staff, and the interweaving 
of surveillance and special surveys were integral to limiting 
the pandemic, and provide guidance for prompt and rapid 
action for future outbreaks.
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