
University of Nebraska Medical Center University of Nebraska Medical Center 

DigitalCommons@UNMC DigitalCommons@UNMC 

Journal Articles: Epidemiology Epidemiology 

2021 

Characteristics of SARS-CoV-2 Transmission among Meat Characteristics of SARS-CoV-2 Transmission among Meat 

Processing Workers in Nebraska, USA, and Effectiveness of Risk Processing Workers in Nebraska, USA, and Effectiveness of Risk 

Mitigation Measures Mitigation Measures 

Jocelyn J. Herstein 
University of Nebraska Medical Center, jocelyn.herstein@unmc.edu 

Abraham Degarege 
University of Nebraska Medical Center, abraham.mengist@unmc.edu 

Derry Stover 
Nebraska Department of Health and Human Services 

Christopher Austin 
Nebraska Department of Health and Human Services 

Michelle M. Schwedhelm 
Nebraska Medicine 

See next page for additional authors 
Tell us how you used this information in this short survey. 

Follow this and additional works at: https://digitalcommons.unmc.edu/coph_epidem_articles 

 Part of the Epidemiology Commons 

Recommended Citation Recommended Citation 
Herstein, Jocelyn J.; Degarege, Abraham; Stover, Derry; Austin, Christopher; Schwedhelm, Michelle M.; 
Lawler, James V.; Lowe, John; Ramos, Athena K.; and Donahue, Matthew, "Characteristics of SARS-CoV-2 
Transmission among Meat Processing Workers in Nebraska, USA, and Effectiveness of Risk Mitigation 
Measures" (2021). Journal Articles: Epidemiology. 116. 
https://digitalcommons.unmc.edu/coph_epidem_articles/116 

This Article is brought to you for free and open access by the Epidemiology at DigitalCommons@UNMC. It has 
been accepted for inclusion in Journal Articles: Epidemiology by an authorized administrator of 
DigitalCommons@UNMC. For more information, please contact digitalcommons@unmc.edu. 

http://www.unmc.edu/
http://www.unmc.edu/
https://digitalcommons.unmc.edu/
https://digitalcommons.unmc.edu/coph_epidem_articles
https://digitalcommons.unmc.edu/coph_epidem
https://unmc.libwizard.com/f/DCFeedback/
https://digitalcommons.unmc.edu/coph_epidem_articles?utm_source=digitalcommons.unmc.edu%2Fcoph_epidem_articles%2F116&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/740?utm_source=digitalcommons.unmc.edu%2Fcoph_epidem_articles%2F116&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unmc.edu/coph_epidem_articles/116?utm_source=digitalcommons.unmc.edu%2Fcoph_epidem_articles%2F116&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@unmc.edu


Authors Authors 
Jocelyn J. Herstein, Abraham Degarege, Derry Stover, Christopher Austin, Michelle M. Schwedhelm, 
James V. Lawler, John Lowe, Athena K. Ramos, and Matthew Donahue 

This article is available at DigitalCommons@UNMC: https://digitalcommons.unmc.edu/coph_epidem_articles/116 

https://digitalcommons.unmc.edu/coph_epidem_articles/116


In the early months of the coronavirus disease 

outbreaks in the United States (1
2), meat pro-

for operations, prolonged close contact of personnel 
on the production line, indoor work environments 

with compact cafeteria and locker room areas, and a 
workforce with diverse cultural and linguistic back-
grounds that make educational efforts more challeng-
ing (3

workers in meat and poultry processing facilities in 

4

counts and deaths had more than tripled (5). 
Meat processing facilities in Nebraska employ 

6

among meat processing facility workers in Nebraska 

had been reported among workers in 23 Nebraska 
meat processing facilities. The University of Nebras-

contact tracing teams and coordinated 2 mass testing 
events with participating meat processing facilities. 
UNMC created evidence-based guidelines for facili-
ties (7) and assembled a team of infectious disease 
and infection prevention and control (IPC) experts to 
provide onsite and virtual technical assistance to fa-
cilities to evaluate gaps in IPC practices and provide 

Local and state health departments conducted 
case investigations to collect information on demo-
graphics, employer, occupation, industry, illness 
descriptions, medical history, and outcomes among 
Nebraska meat processing workers. Moreover, al-

� � � � � � � �

�



organizations (7,8), the effectiveness of these mea-
sures among workers has not been reported. We 
present data on the effectiveness of initiating a uni-
versal mask policy and installing physical barriers 
(plexiglass or plastic partitions) between worksta-

incidence at meat processing facilities in Nebraska. � � 	 
 � � 
develop a keyword algorithm to identify meat pro-
cessing facility workers by using occupation, indus-

conducted among Nebraska residents with laborato-

from healthcare providers, work-sponsored testing 
events, state-sponsored testing events, and station-

of timelines between illness onset dates, specimen 

from records with erroneous timelines were excluded 
from timeline analyses (Table 1), including records in 
which the same dates were recorded for illness onset, 
specimen collection, and investigation (not possible 

onset occurred after the case investigation. 

relationship between the illness onset date, specimen 
collection date, and case investigation date: primary 
timeline, probable timeline, or presymptomatic time-

if they had an illness onset date followed by specimen 
collection date, followed by investigation date. We 

were investigated before their positive test result was 
-

ble timeline into 3 subcategories: 1) illness onset occur-
ring the same day as the investigation date, followed 
by specimen collection; 2) illness onset date followed 
by an investigation date, followed by specimen collec-
tion date; or 3) illness onset date followed by specimen 
collection date occurring on the same day the investi-

-
tomatic timeline if they had a specimen collection date 
followed by illness onset date, followed by an investi-
gation date. We used the R package table1 version 1.2 
to create frequency tables for demographics, illness de-
scriptions, medical history, and outcomes.

The UNMC team provided technical assistance as 
voluntarily requested by meat processing facilities 

-
dations on additional risk mitigation measures that 

summarizing primary IPC recommendations for 
meat processing facilities to guide technical assis-

with plant leadership (7). The checklist included 
recommendations for engineering controls (e.g., 
enhancing ventilation, installing physical barri-
ers between workers on the production line and in 
cafeterias), administrative controls (e.g., cohorting 
of consistent work teams, education, environmen-
tal cleaning and disinfection policies), and personal 
protective equipment. Site visit personnel complet-
ed the checklist and gathered information on the 
workforce (e.g., number of employees, employee de-
mographics) and dates of initiating a universal mask 
policy, installing physical barriers, or both. For each 
facility, the dates of initiating a universal mask poli-
cy and completing physical barrier installation were 
collated and used in the analyses. � � � � � � � �

� � �



� � � � � � � �
com) to conduct a retrospective analysis of data on 
the incidence of severe acute respiratory syndrome 

-
ployees in the meat processing facilities that received 

-
mate when the effect of an intervention, measured 
by case counts, might be observed, we estimated the 
total duration from exposure through testing and 
diagnosis (positive test) at 
analyses (9). The main outcome variable we assessed 

For each plant, before-intervention incidence 
-

after intervention by the product of the total number 
of employees and the number of days from baseline 

-

after intervention by the product of the total number 

of the study period. Z-test of proportion was used to 

-� �  � � 	 � � � � � � � �  � ! � !
-

-
-

both specimen collection and investigation dates re-
-

vestigation dates recorded. After excluding erroneous 
timelines, probable cases, and presymptomatic cases 

-
ness onset followed by specimen collection followed 
by investigation to calculate durations for the prima-
ry timeline; we calculated durations independently 
for the probable and presymptomatic timelines.

For the primary timeline, the median duration from 

-

median duration from specimen collection to illness on-
-

-

-

unknown symptom status. Of those reporting symp-
-

-

-

-

-
-

-
-

-

We analyzed case counts and intervention initiation 
dates for 13 facilities for which data were available; 
technical assistance was provided onsite at 12 facilities 
and by telephone call to 1 facility. Facilities consisted 



-
cessing plants. The number of workers employed at 

facility, but they were generally located on the produc-
tion line and at cafeteria tables; barriers consisted of 

pipes, or plastic sheeting. Although the site visit teams 
recommended use of surgical masks, national shortages 
of personal protective equipment early in the pandemic 
led to the adoption of different masking requirements; 
some facilities allowed cloth masks, and other facilities 
acquired and provided surgical masks to workers. Of 

>
initiated a universal mask policy and installed physical 

policies but no physical barriers in place at the time of 
technical assistance and whether physical barriers were 
installed later is unknown. 

-
tion before and after the date the last intervention was 
initiated (e.g., date physical barriers were installed 

-

facilities reported case counts from the time between 
initiating mask policy and physical barrier interven-
tions that allowed us to compare incidence before 

mask intervention, between mask and physical bar-
rier initiation, and after both were in place simultane-

-

interventions deployed. " #  $ �   # � %
The meat processing industry in Nebraska employs 

6

-

in a multistate analysis of meat processing facili-
4). 

Cases in meat processing facilities have far-reaching 
effects, potentially fueling outbreaks within sur-
rounding communities where workers and work-
ers’ families comprise a substantial proportion of 
area residents. In addition, plants are often located 
in rural communities with limited infrastructure and 
resources to respond to outbreaks. In Nebraska, the 

meat processing facilities (10). 
This report supports the increasing body of evi-

-
ately affected racial and ethnic minority groups (11). Al-

-
-

cating a higher proportion of poor outcomes (hospital-
izations, ICU admissions, deaths) compared with other 
racial and ethnic groups. Likewise, data presented here � � � � � & � '() * (



� � � � � � � �
-

tions are more severe in men (12,13

men and ethnic and racial minority groups demands tai-
lored prevention and education strategies to subgroups 
shown to be more affected by adverse outcomes, both 

state, and federal public health policy applications. Plant 
or corporate management can work to address these dis-
parities among their worker populations by engaging 
with language and culture experts to ensure appropri-
ate and effective communication and educational mate-
rials (e.g., videos, infographics) by providing materials 
in all languages spoken by workers and partnering with 
respected local community leaders (e.g., religious and 
spiritual leaders, elders) and community organizations 
to educate and disseminate information to workers. 

remain asymptomatic is uncertain, although some 
14 16). The 

among Nebraska meat processing workers was 

Nebraska meat processing facilities completed mass 
testing events during the study period, it is likely 
that many asymptomatic cases went undetected and 

-
ing event at 1 Nebraska facility found that nearly one 

no symptoms (17
case-patients described in this report suggest detect-
able levels of virus in these persons and therefore 
transmission potential (18 20) at a median of 3 days 
before onset. Mass and routine testing enables iden-

-
fections, leading to swifter isolation, fewer days of 

-
tine, and testing of close contacts. As detailed in this 
report, identifying presymptomatic cases shortened 
the duration from symptom onset to investigation by 

routine testing programs, with frequency of testing 

informed by both local community transmission 
-

tion meat processing plants to identify cases early 
and stem potential outbreaks.

Risk mitigation strategies based on symptoms, 
such as active screening protocols and paid sick leave 
policies, are limited by asymptomatic and presymp-
tomatic transmission and emphasize the importance of 

-

8) centered on 

(https://www.cdc.gov/niosh/topics/hierarchy/ 
default.html) to reduce transmission within facilities 
(21). Although many of these risk mitigation strategies 
are similar to those recommended for various other 
high-risk industries (e.g., schools, long-term care facili-
ties), the effectiveness of these IPC measures in the meat 
processing work environment has not been reported. 

-

following adoption of universal masking and physi-
cal barrier interventions. Several factors may explain 
why some facilities did not see incidence decrease and 

these measures. First, as an engineering control, physi-
cal barriers are generally considered one of the most 
effective measures to reduce person-to-person trans-
mission of a communicable disease because they do 
not rely on worker adherence (21
study period, evidence has mounted supporting the 

(22 24). Although physical barriers installed between 
meat processing workers on the production line and 
at cafeteria tables would block larger respiratory drop-
lets, the primary mode of transmission according to the 

22), they would not fully protect against aerosol 
transmission. Moreover, low temperatures and limited 
fresh air supply combined with physically demanding 
work conditions could facilitate longer-range aerosol 
transmission (25). Enhancements in ventilation (e.g., 
increasing the number of air exchanges per hour, in-

-
tion) should therefore be considered the most effective 

� � � � � + � ,)



-
ed on aerosol transmission dynamics in this setting.

Second, although masking is one of the most ef-

(26,27), the effectiveness of a universal mask policy 
relies on workers being educated on and adhering to 
proper mask use. A previous study of Nebraska meat 

had received information on how to wear and care for 
a mask properly (28). Observed adherence to proper 
mask use (e.g., wearing the mask over both mouth 

front of the mask) varied during site visits; at some 
plants, nearly all workers exhibited proper use, but 
at other facilities nearly half of workers wore masks 
below their noses. 

The IPC challenges inherent in meat processing 
facilities cannot be addressed with only 1 or 2 mea-
sures; multilayered interventions are more effective 
than any single measure (29). In addition to IPC-fo-
cused strategies to reduce transmission within the fa-
cility, such as reducing density, engineering controls, 
physical distancing, active screening, environmental 
cleaning and disinfection, and masking, workforce 
policies ensuring social protections such as paid sick 

tools to prevent the disease from entering the work-

faced by the industry (e.g., high density of workers, 
duration of shifts, indoor environment, crowded caf-
eterias where masks are removed), it is also possible 
that no combination of interventions will be com-
pletely effective at reducing transmission in meat pro-
cessing facilities, particularly when high rates of local 
community transmission exist. Facilities that did not 

-
ing mask policies and physical barriers may not have 
incorporated other strategies to the same degree as 

Alternatively, some facilities we assessed might have 
initiated key interventions well before cases among 
their workers were diagnosed, causing interventions 
to appear less effective in this study. 

A limitation of this study is that, although we at-
tempted to distinguish the effectiveness of a univer-
sal mask policy from that of physical barrier installa-
tion, only 3 facilities had enough cases between the 
initiation of the 2 interventions to evaluate the sepa-
rate direct effects of the measures. Moreover, when it 
became apparent in mid-April that meat processing 
facilities were particularly vulnerable to and being 

-
porate IPC strategies within a short timeline and re-

quested simultaneous technical assistance from our 

days after a universal mask policy or physical barrier 
installation was begun. Our site visits and incorpora-
tion of additional IPC measures beyond physical bar-
riers and masking might have contributed to reduced 

-
ly separate out whether transmission to case-patients 
occurred in the workplace or in the community and 
therefore couldn’t determine the exact effect risk mit-
igation measures had on incidence compared with 

represented almost 1 in 5 cases in Nebraska during 
-

braska from the beginning of the pandemic through 
30

-

that mitigation measures had a more rapid effect on 

transmission trends. 
In conclusion, we present a snapshot of the ef-

facilities in Nebraska. Nearly 1 in 5 Nebraska meat 

cases unparalleled in any other worker population. 
Many of the nationwide trends that have become ap-
parent during this pandemic applied here, namely 
high attack rates among workers in the meat pro-
cessing industry, a disproportionately high risk of 
adverse outcomes among ethnic and racial minority 
groups and men, and the effectiveness of IPC inter-
ventions at reducing person-to-person transmission. 
Increased multilayered IPC strategies, rapid contact 
tracing, and accessible testing are critical to identify-
ing asymptomatic and presymptomatic cases and in-

enduring threat to the meat processing industry and 
its workers for the foreseeable future. Facilities must 
adopt and sustain multiple interventions to prevent, 
control, and rapidly identify transmission within fa-
cilities to protect this worker population.- . � � 	 	 
 � - � 	 
 � /

-

terests include highly hazardous communicable diseases, 

global high-level isolation, infection control, and outbreak 

response and preparedness. 
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