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EDITORIAL

Cold working environments as an occupational 
risk factor for COVID-19

It is clear that some occupational groups are at increased 
risk of developing coronavirus disease (COVID-19). In 
China, the first occupational groups to be identified 
to be at risk were workers in seafood and wet animal 
wholesale markets. As the pandemic developed other oc-
cupational groups were identified to be at increased risk. 
These groups included emergency responders, health 
and nursing home staff, prison staff, those working in 
retail, hospitality, transport, tourism, construction and, 
most recently, workers in slaughterhouses and meat 
processing plants [1]. To the end of May 2020, in the 
USA, COVID-19 was diagnosed in 9.1% of 112  616 
workers in affected meat and poultry processing facil-
ities in 14 states where the total numbers of people em-
ployed in those facilities were known [2]. In the general 
population, the true extent of infection is unknown; 
however, by September 2020 the cumulative incidence 
of confirmed cases in the general population in those 14 
states ranged between 0.4 and 3.0% [3]. COVID-19 out-
breaks have been reported in slaughterhouses and meat 
packing plants in Germany, Portugal, the UK [4] and 
Ireland. These working environments are conducive to 
SARS-CoV-2 transmission because of low temperatures, 
low air exchange rates, air recirculation, metal surfaces 
and aerosolization aggravated by high-volume water 
use [4,5]. Other factors include insufficient distancing 
between workers, poor compliance with facemask use, 
presenteeism because of insecure poorly paid employ-
ment, voice projection against a background of loud ma-
chinery, hyperpnoea because of heavy manual labour, 
limited or non-existent hygiene measures and over-
crowded domestic accommodation for migrant workers 
[4,5]. A multifactorial investigation at Germany’s largest 
meat processing plant indicated that a SARS-CoV-2 
outbreak originated from a single employee who in-
fected >60% of colleagues working within a distance of 
8 m [5]. The investigation concluded that in contrast to 
workplace exposures, shared apartments, bedrooms and 
transport did not play a major role in the initial out-
break studied, but may have been a confounding factor 
in the second, larger outbreak. Environmental factors 
which facilitated transmission of aerosolized SARS-
CoV-2 at least 8 m included constantly recirculated cold 
air (10°C), humidity, airflow and low fresh air exchange 
rates [5]. At normal indoor temperatures, relative 

humidity >40% is detrimental to the survival of viruses 
such as coronaviruses and reduces airborne transmission 
by maintaining larger droplets which deposit onto fo-
mites more quickly [6].

In the general population, while seasons and tempera-
ture alone do not explain the variability in COVID-19 
transmission, existing scientific evidence indicates that 
warm and wet climates are associated with reduced 
spread of COVID-19 and cold and dry conditions are 
associated with increased transmission [7]. Current evi-
dence also suggests that human-to-human transmission 
is lower outdoors. Most coronaviruses are highly sea-
sonal, and although COVID-19 infection rates have still 
been high in hot and tropical environments, illness se-
verity would seem to be lower [8]. As well as affecting 
transmission rates might exposure to cold environments 
have a detrimental effect on host resistance to SARS-
CoV-2? We propose that working in cold environments 
could have a deleterious effect on the human immune 
response to SARS-CoV-2 which may be a further con-
tributory factor to the outbreaks of COVID-19 in slaugh-
terhouses and food processing plants.

How might cold environments increase the risk of 
developing COVID-19? It is a long-held common belief 
that chilling of the body surface predisposes to upper re-
spiratory tract infections (URTIs); however, studies pro-
vide inconsistent results [9]. There is more consistent 
evidence for a relationship between inhaling cold air and 
increased incidence of URTIs [9]; evidence is emerging 
as to why this might occur.   Low humidity can impact 
individual susceptibility to infection and the distance 
which viral particles might transverse the respiratory 
tract [6]. Breathing cold air chills the nasal airway which 
compromises respiratory defence against infection by 
slowing muco-ciliary clearance and by inhibiting leuco-
cyte phagocytosis [9].

Important components of the innate and adaptive 
immune systems in the defence against viral infection 
include the production of interferons and the perforin–
granzyme and Fas–Fas ligand apoptosis pathways. 
Perforin, a glycoprotein expressed by some natural 
killer cells and cytotoxic T cells (CTLs), is pivotal to 
the killing of virally infected host cells. It creates pores 
in the membranes of target cells permitting cytotoxic 
proteases, such as granzyme B, to enter the cytoplasm 
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of the virally infected target cells and induce apoptosis 
[10]. There is epidemiological evidence to suggest that 
perforin expression and function is vital for human 
defence against severe SARS-CoV-2 infection [11]. 
Perforin expression is greatest amongst children, twice 
as high in adult females versus males and declines sub-
stantially after the age of 70 years [11]. Additionally, it 
has been shown to be reduced in Type 2 diabetics and 
obese people, i.e. a consistently reduced expression in 
those population groups more susceptible to COVID-
19 [11]. Indeed, the immune profile of patients with se-
vere COVID-19 admitted to intensive care compared to 
non-intensive care patients demonstrates significantly 
reduced perforin expression [12]. In vitro studies using 
incubated human lymphocytes found that compared to 
normal body temperature (37°C), perforin expression 
by CD4+ and CD8+ T cells was significantly reduced at 
temperatures of 33°C by over 50% and 35%, respect-
ively, but, interestingly, raised at the modestly higher 
temperature of 39°C [13]. Similar in vitro effects of 
temperature have been described for the expression of 
Fas ligand [14].

It is reported that rhinoviruses replicate better at 
cooler nasal temperatures than at lung temperature. The 
underlying mechanisms are not known but, at least in 
part, this appears to be attributable to diminishing anti-
viral immune responses [15]. A laboratory study which 
used mouse airway epithelial cells and a mouse-adapted 
virus observed that rhinovirus replicated better at nasal 
temperature as airway epithelial cells initiated a less ro-
bust antiviral defence response through interferons and 
interferon-stimulated genes [15]. The authors of this 
study postulated that inhaling cold air may further en-
hance susceptibility to respiratory viral infection via this 
mechanism.

Whatever biophysiological mechanisms mediate 
the increased susceptibility to COVID-19 we believe 
that the prevailing evidence indicates that employers 
and their occupational health and safety professionals 
should consider work in cold environments to be an 
independent occupational risk factor for developing 
COVID-19. There is a need to better define the mech-
anisms by which repeated and prolonged exposure 
to cold working environments could modify airway 
and immune function and increase susceptibility to 
COVID-19 and other respiratory infections. We recom-
mend that quality research is undertaken to better de-
fine the risks and the most effective environmental and 
person-focused interventions. In most indoor environ-
ments the risk of airborne transmission can be reduced 
by enhanced general or dilutional ventilation; however, 
this is challenging when there are operational require-
ments to maintain indoor temperatures significantly 
above or below external temperature. Likewise, indoor 

humidification is not common in most heating, venti-
lation and air-conditioning system designs, mainly be-
cause of cost and maintenance concerns related to the 
risk of contamination [6]. Consequently, the most im-
mediate focus for research is likely to be person-focused 
interventions to examine the relative effectiveness of 
different interventions aimed at thermal protection and 
respiratory protection. The latter is particularly im-
portant in this sector considering transmission of virus 
particles at distances of at least 8 m.  We support the 
recommendation that employers in the meat processing 
sector conduct urgent suitable and sufficient risk assess-
ments and implement effective control measures to pre-
vent further outbreaks [4], as should other employers 
whose workers are occupationally exposed to cold en-
vironments. Risk assessments should be accompanied 
by individual health risk appraisals to identify workers 
who have pre-existing health conditions and who may 
be predisposed to developing infections and more se-
vere disease. In addition to standard control measures 
to prevent the transmission of communicable diseases in 
the workplace, that include education, early identifica-
tion and quarantine, employers should implement add-
itional interventions to protect against the cold. These 
include frequent warm-up breaks, access to hot drinks 
and meals, protective clothing and, as a minimum, face 
masks to protect against transmission and to allow warm 
air rebreathing. Where risk assessments and/or physical 
capability assessments indicate increased risk then ap-
propriate respiratory protective equipment should be 
provided. Such workplace interventions are critical for 
controlling occupationally acquired COVID-19 in this 
at-risk group and among their close contacts. Inevitably, 
infected workers transport SARS-CoV-2 from work to 
their homes and communities, which sets back efforts to 
control transmission, morbidity and mortality [1].

Louise Cunningham
St Johns Institute of Dermatology, Guy’s Hospital, Great 

Maze Pond, London SE1 9RT, UK

e-mail: lcunningham73@gmail.com

Paul J. Nicholson
16 North Block, County Hall Apartments, London SE1 7PJ, 

UK

Jane O’Connor
St Johns Institute of Dermatology, Guy’s Hospital, Great 

Maze Pond, London SE1 9RT, UK

John P. McFadden
St Johns Institute of Dermatology, Guy’s Hospital, Great 

Maze Pond, London SE1 9RT, UK

D
ow

nloaded from
 https://academ

ic.oup.com
/occm

ed/article/71/6-7/245/6008089 by U
nivesiteitsbibliotheek U

trecht user on 06 O
ctober 2021

mailto:lcunningham73@gmail.com?subject=


EDITORIAL 247

References

 1. Michaels D, Wagner, GR. Occupational Safety and Health 
Administration (OSHA) and worker safety during the 
COVID-19 pandemic. J Am Med Assoc 2020. doi:10.1001/
jama.2020.16343.

 2. Waltenburg  MA, Victoroff  T, Rose  CE et  al.; COVID-
19 Response Team. Update: COVID-19 among workers 
in meat and poultry processing facilities - United 
States, April-May 2020. MMWR Morb Mortal Wkly Rep 
2020;69:887–892.

 3. All State Comparison of Testing Efforts. Coronavirus 
Resource Centre. Johns Hopkins University of Medicine. 
https://coronavirus.jhu.edu/testing/states-comparison (30 
September 2020, date last accessed).

 4. Middleton J, Reintjes R, Lopes H. Meat plants—a new front 
line in the covid-19 pandemic. Br Med J 2020;370:m2716.

 5. Guenther  T, Czech-Sioli  M, Indendirken  D et  al. 
Investigation of a superspreading event preceding the lar-
gest meat processing plant-related SARS-Coronavirus 
2 outbreak in Germany. SSRN. 2020. http://dx.doi.
org/10.2139/ssrn.3654517 (4 October 2020, date last 
accessed).

 6. Dietz  L, Horve  PF, Coil  DA, Fretz  M, Eisen  JA, 
Wymelenberg KVD. Novel coronavirus (COVID-19) pan-
demic: built environment considerations to reduce trans-
mission. mSystems 2020;5:e00245-20.

 7. Mecenas P, Bastos RTDRM, Vallinoto ACR, Normando D. 
Effects of temperature and humidity on the spread of COVID-
19: a systematic review. PLoS One 2020;15:e0238339.

 8. Kifer D, Bugada D, Villar-Garcia J et al. Effects of envir-
onmental factors on severity and mortality of COVID-19. 
medRxiv. doi:10.1101/2020.07.11.20147157.

 9. Eccles R, Wilkinson JE. Exposure to cold and acute upper 
respiratory tract infection. Rhinology 2015;53:99–106.

 10. Voskoboinik  I, Whisstock  JC, Trapani  JA. Perforin and 
granzymes: function, dysfunction and human pathology. 
Nat Rev Immunol 2015;15:388–400.

 11. Cunningham  L, Simmonds  P, Kimber  I, Basketter  DA, 
McFadden  JP. Perforin and resistance to SARS corona-
virus 2. J Allergy Clin Immunol 2020;146:52–53.

 12. Bordoni V, Sacchi A, Cimini E et al. An inflammatory profile 
correlates with decreased frequency of cytotoxic cells in 
COVID-19. Clin Infect Dis 2020. doi:10.1093/cid/ciaa577.

 13. Matsui  T, Yoshida  Y. Reduced perforin release from T 
cells as a mechanism underlying hypothermia-mediated 
neuroprotection. Clin Exp Neuroimmunol 2020;11:57–64.

 14. Fu  T, Blei  AT, Takamura  N et  al. Hypothermia inhibits 
Fas-mediated apoptosis of primary mouse hepatocytes in 
culture. Cell Transplant 2004;13:667–676.

 15. Foxman EF, Storer JA, Fitzgerald ME et al. Temperature-
dependent innate defense against the common cold virus 
limits viral replication at warm temperature in mouse 
airway cells. Proc Natl Acad Sci USA 2015;112:827–832.

SOM WEBINARS

As part of The Society of Occupational Medicine’s 
(SOM) education and training offer to its members, 
SOM hosts webinars throughout the year on topics 
of interest with subject experts to occupational health 
(OH) professionals. SOM webinars are web-based, 
using the internet to connect individuals hosting the 
webinar to an audience of viewers and listeners from 
all over the world. Hosts can show slides and even in-
vite guests from other locations to co-host the webinar 
with them. The SOM webinar platform offers inter-
active features that the audience can use to chat with 
the host—normally there is a Q&A session at the end to 

answer viewers’ questions about the content from the 
presentation.

OH professionals from the UK and around the 
world are welcome to join SOM by clicking at here.

The webinars are free to members and £25 to 
non-members.

To hear a webinar live you will need to complete a 
simple registration form before each event.

Details of upcoming webinars can be viewed here.
Members can view past webinars here. Non-members 

can purchase our entire backlog of webinars for £99. 
Contact  admin@som.org.uk for details and a list.
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