CHINA'S RESPONSE TO COVID-19

Cold chain logistics: a possible mode of
SARS-CoV-2 transmission?

Yuan-Yuan Li and colleagues argue that the limited evidence supports cold chain logistics as a
transmission route for SARS-CoV-2

fter the initial wave of the

covid-19 epidemic in China

was controlled, outbreaks

associated with cold chain

logistics were reported in sev-
eral regions that had had no local cases for
months. This gave rise to debates about
whether SARS-CoV-2 could be transmitted
through cold chain transport. Transmis-
sion of infection is mainly through droplets
when in contact with infected people, but
the World Health Organization recognised
fomites as a source early in the pandemic.!
Although the evidence is not conclusive, we
believe the virus could survive long periods
in the cold chain.

Reported cases

The first reported cluster associated with
cold chain logistics was an outbreak in
Xinfadi market, Beijing’s largest wholesale
food market, in June 2020, after 56 days
without documented local cases. The index
case was a 52 year old man with no known
exposure to anyone with covid-19. Beijing
Centre for Disease Prevention and Control
(CDC) performed epidemiological inves-
tigations and viral genome analyses and
found the SARS-CoV-2 strain in imported
frozen salmon was very similar to the strain
in the human cases from the market. The
CDC speculated that this resurgence might
be initiated by transmission from contami-
nated imported salmon.’ A subsequent
study using field investigations and onsite
simulations at Xinfadi market suggested
the virus could spread from contaminated
goods to humans, and environmental fac-
tors such as low temperature and high
humidity, poor ventilation, and insufficient
hygiene facilities and disinfection practices
might contribute to viral transmission.’

A further cluster of cases was reported
in July 2020 in Dalian, China, the first
of which was in an employee of a cold
chain food company.* No local infections
had been reported in Dalian for 111
consecutive days before this case was
confirmed. Phylogenetic analysis confirmed
high homology between the sequences of
the virus from the first case and those of

samples from the frozen pollock packaging.
However, attempts to isolate live SARS-
CoV-2 failed.

Local outbreaks with cases connected to
cold chain logistics were also reported in
Kashgar,® Tianjin,” Shanghai,® and Dalian’
in China. In all these outbreaks the index
case had handled imported frozen products
or containers and had had no contact with
anyone with covid-19 before their infection
was confirmed. Viral nucleic acid was
detected on the surfaces of imported food
packaging or cargo containers, and the
phylogenetic analyses suggested that the
virus strains were imported.

Notably, live SARS-CoV-2 virus was
isolated from imported food packaging
after an outbreak in Qingdao, China.’
In September 2020 two stevedores in
Qingdao port were identified as having
asymptomatic infection during routine
nucleic acid screening. Live SARS-CoV-2
virus was isolated from the imported
frozen cod packaging they had carried.
The genome sequence of the virus isolated
from the workers’ nasopharyngeal swab
was highly homologous to the virus from
the frozen cod packaging, suggesting that
SARS-CoV-2 could have been transmitted
through imported frozen food.’

Potential mechanism of transmission

Is it possible that SARS-CoV-2 could stay
alive and infectious during cold chain
transportation? Cold chain logistics are
used for goods such as temperature sen-
sitive foods and biopharmaceutical prod-
ucts that need to be kept chilled (2°C to
8°C) or frozen (below —18°C) throughout
processing, storage, transportation, and
distribution. Researchers have studied the
persistence of SARS-CoV-2 under different
conditions and found it can remain viable
for days at relatively low temperatures. At
room temperature SARS-CoV-2 retained its
infectivity for three or four days on plas-
tic and stainless steel surfaces, but it can
remain infectious for 14 days at 4°C."°"
The virus was shown to be more stable and
infectious after storage at —20°C than at 4°C
using low virus concentrations that were
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close to the actual concentration of viral
particles in the environment.'? Another
study found that the presence of a moderate
amount of protein on the surfaces increased
the infectivity of SARS-CoV-2." The authors
suggested that a protein rich medium such
as airway secretions could protect the virus
when it was expelled and might enhance its
persistence.”

SARS-CoV-2 can reach food products,
packaging, or cargo containers if an
infected person sneezes or coughs directly
on them. The studies described above
suggest SARS-CoV-2 could remain alive
and infectious during transportation at
low temperatures in a closed space without
ventilation. Fomite transmission from cold
chain to humans could occur if workers who
handle the products after transportation do
not wear personal protective equipment
properly. Workers such as stevedores or
wholesalers may be at high risk of SARS-
CoV-2 exposure because of their direct and
frequent contact with transported goods
within the cold chain. For consumers, the
risk might be lower since the goods are
distributed and often kept in environments
with adequate ventilation.

Unanswered questions

The evidence for cold chain transmission
remains suggestive not conclusive. Isola-
tion of live virus from cold chain products
is rare, occurring only in the Qingdao out-
break.’ Although virus strains from cases
and cold chain products in the other out-
breaks showed high homology, the pres-
ence of viral nucleic acid is not a reliable
surrogate for the presence of infectious
virus. Furthermore, most of the studies
investigating the persistence of SARS-
CoV-2 were conducted under laboratory
conditions (controlled relative humidity
and temperature), and the initial virus con-
centrations of the laboratory samples are
usually higher than those in droplets in real
life situations.

Stable temperature and humidity
favour virus survival on surfaces, but the
conditions are more variable in real world
situations. Attempts to culture SARS-
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CoV-2 from surface swabs taken from an
emergency unit and high dependency ward
were unsuccessful.'* Another study failed
to isolate live virus despite ongoing high
viral loads of about 10° RNA copies/mL of
sample.'

Despite these uncertainties, we consider
it possible that SARS-CoV-2 can survive
in the cold chain. Disinfecting surfaces
of packages or cargoes in cold chain
logistics may therefore be sensible. More
research on the frequency of SARS-CoV-2
contamination on food packaging, the
association between detection by PCR
testing and infectious virus, and SARS-
CoV-2 viahility and infectivity in conditions
that simulate those found in cold chain
logistics is warranted.
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