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A B S T R A C T

The aggressive nature of the new SARS-2 corona virus now referred to as SARS-CoV-2 ; the seriousness and
length of the period of infection; the fast and far-reaching transmissibility via liquid droplets that become air-
borne when someone coughs, sneezes or speaks with increasing evidence to support actual airborne transmis-
sion; the presence of viral particles especially in body fluids and tissues, of viral positive individuals; and the
persistence of the virus on different types of surfaces pose serious concerns for forensic practitioners, including
forensic DNA analysts. Many forensic laboratories and law enforcement agencies need to address the inevitable
changes that must be made in forensic DNA testing. In this article, we explore the effects of the COVID-19
pandemic on the collection, handling, storage and transport of biological samples for downstream DNA testing.
This paper aims to open discussions on the urgency of balancing the need to conduct investigations in order to
maintain public order with the requirements of effective biosafety protocols specifically formulated to protect
human resources within the forensic science community.

1. Introduction

The aggressive nature of the new SARS-2 corona virus now referred
to as SARS-CoV-2 [1]; the seriousness and length of the period of in-
fection; the fast and far-reaching transmissibility via liquid droplets
after someone coughs, sneezes or speaks with increasing evidence to
support actual airborne transmission [2]; the presence of viral particles
especially in body fluids and tissues of viral positive individuals; and
the persistence of the virus on different types of surfaces pose serious
concerns for forensic practitioners, including forensic DNA analysts.
Many forensic laboratories and law enforcement agencies need to ad-
dress the inevitable changes that must be made in forensic DNA testing
that are conducted for crime scene investigations, medical examina-
tions of victims of abuse particularly cases involving minors, post-au-
topsy identification of human remains, paternity/kinship testing,
human DNA profiling, disaster victim identifications and expansion of
convicted offender/arrestee databases during the pandemic. Because
forensic DNA testing requires biological samples, all personnel involved
in the process could potentially come into contact with human samples
from SARS-CoV-2 positive individuals. After more than six months from
learning about the existence of the virus, more reports reveal that one of
the key factors in the epidemiological success of the SARS-CoV-2
compared to other known corona viruses is its ability to infect a person
who could remain asymptomatic for 14 days or even longer, before
symptoms of the disease are manifested [3]. How then would the
possible presence of SARS-CoV-2 particles in crime scenes and

asymptomatic persons affect the collection, handling, storage and
transport of biological samples for downstream DNA testing? This paper
aims to open discussions for law enforcement, forensic practitioners and
universities that have forensic science programs, on issues concerning
forensic DNA testing raised by the SARS-CoV-2 pandemic.

2. Collection and handling of biological samples

The potential exposure to infected biological samples from SARS-
CoV-2 positive individuals, even if asymptomatic, is the most pressing
concern for personnel tasked to collect samples for DNA testing from
crime scenes. In principle, scene investigators are already protected if
they follow the guidelines provided for by the Center for Disease
Control and Prevention [4]. This includes the use of appropriate Per-
sonal Protective Equipment (PPE), e.g. mask/respirator, eye protection
or face shield and clean long-sleeved gowns, the observance of personal
hygiene and physical distancing of at least 6 feet. In the past, it had
been challenging to get some investigators to be compliant in protecting
themselves particularly when investigating crime scenes that are per-
ceived to be ‘safe’. During the present pandemic, CDC reminds law
enforcement of the elevated risk of infection from direct contact with
body fluids such as blood, phlegm and respiratory droplets [4]. Since
the presence of SARS-CoV-2 in a crime scene may not be immediately
apparent to the scene investigators, it has been recommended to treat
every crime scene as a ‘hot zone’ [5]. Additionally, a laboratory study of
the aerosol and surface stability of SARS-CoV-2 reported that the virus
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can last up to three hours in the air, four hours in copper surfaces, 24 h
on cardboard and 2–3 days on plastic and stainless steel [6]. More re-
cently, 239 experts have petitioned the World Health Organization
(WHO) to declare that SARS-CoV-2 may spread indoors via small par-
ticles (less than 5 μm in diameter) that stay in the air for longer periods
of time, or the so-called airborne transmission [2]. Hence, scene of the
crime officers could be exposed to infective viral particles through
many entry points for the entire duration of the scene investigation.
Following the recommendation to consider all crime scenes as ‘hot
zones’, crime scene officers must then follow the guidelines provided
for by the WHO to treat all samples for laboratory analysis as poten-
tially infectious [7]. Given these warnings, law enforcement is urged to
review the effect of the heightened need to protect their human re-
sources on the extent of crime scene investigation and information
gathering that they are able to do during this pandemic.

Another area of great concern is the effect of the pandemic on the
plight of abused women and children. During the quarantine period
where persons are confined in small living environments with nowhere
to go, there had been several reports of increased domestic and sexual
violence [8]. Because of the ‘stay at home’ directives in many places/
countries, a victim’s access to resources may be reduced. Moreover, the
compounded fear of going to hospitals and the realignment of health
resources from general healthcare to the pandemic crisis have affected
the number of reported cases of domestic violence and sexual assault
[9]. Delays in reporting affect the recoverability of biological samples
from the bodies of the victims that may contain the assailant’s DNA
because biological samples transferred via sexual contact can last only
up to 72 h on the body of a child-patient [10].

The use of PPE may also introduce ‘social barriers’ between
healthcare workers and child-victims during forensic examinations. The
ability of the doctor to gain the trust of a child becomes more chal-
lenging during the pandemic because the patient could not see the
doctor’s face hidden behind a mask and PPE. How then can trained
child specialists facilitate the interview and medical examination of a
minor, some of whom may still be traumatized, whilst wearing their
PPE? On the part of the health care worker, the need to collect buccal
swabs for DNA testing to support allegations of oral sex as well as saliva
that would be used to generate the victim’s reference genotype also
pose a great concern since the throat and sputum have been identified
as primary compartments of SARS-CoV-2 replication [11]. The collec-
tion of oral samples would expose medical allied personnel to high risks
of COVID-19 infection. In the Philippines, medical doctors of the Child
Protection Network (CPN) have had to adjust their practices by in-
cluding potentially infective zones in the general reception area, as well
as the wearing of PPEs during medical examinations and sample col-
lections using a sexual assault investigation kit. CPN is a network of
hospitals in the Philippines that primarily examine and treat child
victims of abuse. Notably, there had been reports of doctors in some
hospitals who opted to print their photographs and stick these on their
PPE to provide some sense of ‘humanity’ to patients undergoing ex-
amination and/or treatment [12]. Is this something that could be in-
cluded in an amended protocol for medical examination of victims,
particularly children, during this pandemic?

Recommendations for death investigations during the pandemic
have also been made [13]. Given that death investigations must con-
tinue amidst the present crisis, the collection of biological material to
help identify the dead, the adoption of additional protective measures
during body [13] and dental [14] autopsies, as well as the management
of the dead including those recovered in mass fatalities [15], are im-
perative. With the onset of thtyphoon season in Southeast Asia that
normally last from June to November each year, countries like the
Philippines need to already review their Mass Fatality Response Plan
(MFRP) in light of the current crisis. Typhoons like Haiyan in 2013
displaced over 4.1 million people, resulted in more than 1800 missing
and 6000 deaths, many of whom remain unidentified until today [16].
The work of identifying mass fatalities poses a great concern due to the

high numbers of individuals involved, co-mingling of bodies, and ex-
posure of human remains to different surfaces and conditions which
may have persistent SARS-CoV-2 particles. Field set-ups in many of
these types of investigations typically lack even in the most basic re-
quirements such as accessible roads, running water, electricity, working
areas and storage facilities, and ‘sleeping/living’ quarters for responders
thus making it difficult for personnel to fully comply with WHO/CDC/
ICRC requirements for personal hygiene, use of proper protective
equipment, frequent decontamination of work areas and physical dis-
tancing. The use of a bone saw to collect hard bone samples following
INTERPOL guidelines for DNA testing will generate pulverized particles
that can increase the likelihood of persons inhaling infective particles
[17,18]. In addition, reference samples from relatives of the deceased
usually consist of buccal swabs or saliva which increases the likelihood
of SARS-CoV-2 transmission from asymptomatic family members to the
medical team, and vice versa. The need for families to identify their kin
as part of the post-disaster recovery process is recognized. However,
given the SARS-CoV-2 pandemic, the need for identification must be
balanced with the value of protecting lives, all of which must be con-
tained in the MFRP specific for each country or locality.

3. Laboratory processing of nucleic acid material

WHO recommends that during the pandemic, personnel must treat
all samples for laboratory analysis as potentially infectious [7]. Fol-
lowing this assumption, all forensic DNA laboratories that are proces-
sing biological samples collected from the time of entry of the SARS-
CoV-2 virus into their country to the present, must be at least working
in a Biosafety Level 2 (BSL-2) laboratory and all personnel must treat
their work as high risk [19]. With increasing evidence of the airborne
transmission of the virus, the use of an enhanced Biosafety Cabinet II
inside the BSL-2 laboratory has become imperative.

There are numerous procedures for pre-processing and extracting
DNA from different types of biological samples, e.g. body fluids, bones,
teeth, and tissues of different states of decomposition/preservation, in
liquid or solid substrate, e.g. those transferred onto FTA™ cards and
similar paper-based material. WHO recommends the compartmentali-
zation of the laboratories such that BSL2 requirements apply for work
involving infectious materials [20]. This would include the initial
opening of the package containing biological samples, pre-processing of
tissues and DNA extraction steps, all of which must be conducted in an
enhanced Biosafety cabinet II [21]. Excess unprocessed biological ma-
terial e.g. body swabs, saliva, blood and other body fluid, bone, teeth
and tissue samples, must be stored as potentially infectious material.
Further, the viability of infective SARS-CoV-2 on FTA™ and similar solid
substrates deserves attention. Prior to the pandemic, DNA on FTA™ and
similar solid substrates were handled on standard open laboratory
benches without the use of special containment equipment. However,
because the virus was detected up to 24 h on cardboard [6], should
samples on FTA™ and similar solid substrates be left inside the BSL2
biosafety cabinet for at least 24 h before these cards are moved to an
open bench, if at all? Theoretically, once DNA is extracted and biolo-
gical waste is properly disposed following BSL-2 protocols, downstream
molecular analysis of nucleic acid preparations, such as PCR amplifi-
cation, genome library preparation, DNA fragment analysis and se-
quencing can be performed outside of a BSL-2 safety cabinet [19].
However, is there a need to validate different DNA extraction protocols
to ensure that SARS-CoV-2 which is an RNA virus [1] does not co-ex-
tract with the DNA and remain infectious at any stage of the extraction
and post-extraction procedures?

The requirement to set-up a BSL2 laboratory with an enhanced
Biosafety Cabinet II will be challenging for many forensic DNA la-
boratories and universities that offer forensic science programs parti-
cularly in countries or regions with limited resources and infra-
structure. The high number of samples collected in a crime scene
investigation or post-disaster makes this requirement almost

M.C.A. De Ungria Forensic Science International: Genetics 48 (2020) 102346

2



impractical. Hence the US Occupational Health and Safety
Administration recommended preliminary site-specific assessments to
determine if protocols used are sufficient for the type of testing being
conducted in these laboratories [19].

4. Management of forensic DNA databases

Routinely, DNA samples are stored post-analysis as part of a DNA
database or as evidence following laws or policies of the country, or
state [22,23]. Given the human to human transmission of the SARS-
CoV-2, people responsible for the routine collection of saliva samples
from arrestees and convicted offenders must also follow all precau-
tionary procedures in the handling of biological samples. In fact, the
CDC has recommended guidelines to law enforcement officers starting
from the arrest and transport of persons from a scene or locality [4]
through to the handling of biological samples [21] needed to generate a
reference genotype that would be used in searching criminal databases
such as CODIS.

The contribution of forensic DNA testing in identifying those in-
volved in crimes and excluding those who were misidentified takes
paramount importance at this time. In countries like the Philippines
were prison congestion rate is as high as 534 % and where recent data
showed that there are 215,000 people held in facilities intended to
house only 41,000 persons, most of them awaiting trial, overcrowded
prisons have become pandemic time-bombs ready to explode [24]. This
phenomenon is shared across countries like Brazil and Columbia [25].
In the US, deaths of members of the Navajo Nation that were connected
to prisons have been reported [26]. Can law enforcement agencies with
forensic DNA testing laboratories formulate DNA testing strategies to
accelerate the release of persons excluded by virtue of DNA testing,
amidst delays in court litigations, during the pandemic?

In addition, most forensic DNA laboratories manage volunteer DNA
databases for research into new forensic DNA markers and genetic
variations in different populations. Many of the reported DNA data-
bases are concentrated in Europe, the US, Canada, Australia, New
Zealand, South Korea, Singapore, Japan, Malaysia and China, because
of the amount of funding needed to establish, maintain, and expand
these DNA databases. DNA analysts recognize the need to adopt an
inclusive strategy and increase the representation of other populations
in globally shared DNA databases in order to reduce sampling bias and
strengthen the identification capacities of DNA tests. However, new
collection of saliva and/or blood samples during the pandemic may
have to be temporarily discontinued because of travel restrictions,
limited government and institutional resources that have been diverted
towards SARS-CoV-2 cases, and protection of healthcare workers who
would be exposed to potentially infectious samples from volunteers,
some of whom may be asymptomatic for COVID-19. Moreover, DNA
analysts involved in forensic research may have to explore alternative
sample sources, such as existing biobanks, and to submit the appro-
priate ethics application that are required to access these resources.
Would ethics review committees consider the complexity of the current
crisis to consider “a waiver of consent” application and allow the use of
archived anonymized samples for forensic genetics research?

5. Conclusions

The recommendations for the strict compliance in using PPEs for
crime scene investigators, healthcare workers and laboratory personnel
as well as the required infrastructure for BSL2 laboratories entail ad-
ditional costs for law enforcement agencies and forensic institutions at a
time when resources are limited. Increasing the BSL level of existing
laboratories and universities would also involve training of personnel in
biosafety practices, and modification of previous protocols to accom-
modate the use of biosafety cabinets and other instruments for handling
potentially hazardous biological samples. Additionally, the global
supply of PPEs is limited [27]. Hence, law enforcement agencies and

forensic institutions must plan the most effective use and allocation of
these resources in forensic investigations and DNA testing.

Meanwhile, the pandemic has severely crippled the economy and
many countries are bracing themselves for a global economic recession
that is greater than what any state has experienced in recent years. The
lockdown has temporarily slowed down criminal activities but it has
also allowed criminal groups to regroup and exploit the uncertainties
brought about by the pandemic [28]. Europol has released a report on
its projections on serious and organized crimes during and after the
SARS-CoV-2 pandemic [29]. Given these considerations, law enforce-
ment agencies and forensic institutions must balance the need to con-
tinuously conduct investigations in order to maintain public order, with
the biosafety requirements of protecting their human resources and the
general public. This balance can only be achieved with the support of
the national government, ample multilateral collaborations amongst
government agencies and private institutions, careful planning by in-
stitutional administrators, technical input from experienced forensic
practitioners, and full compliance by all personnel with biosafety
guidelines provided for by internationally recognized health institu-
tions.
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