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ABSTRACT

At the start of the pandemic, the Philippines had to send swab samples to the Victorian Infectious Diseases 
Reference Laboratory in Melbourne, Australia for COVID-19 confirmation. With the increasing number of 
suspected cases needing confirmatory diagnostic testing, there was a demand to rapidly expand the 
capacity for widescale testing. Remarkably, within 200 days from announcement of the first confirmed 
COVID-19 case in the Philippines in January 30, 2020, the country has been able to expand its testing 
capacity from one national reference laboratory, the Research Institute for Tropical Medicine (RITM), to 
more than 100 licensed reverse transcription-polymerase chain reaction (RT-PCR) and cartridge-based PCR 
laboratories across the country. Due to the shortage of a trained clinical laboratory workforce, diagnostic 
centers are forced to hire additional personnel who have limited experience and technical knowledge 
and skills of molecular assays, especially in processing specimens, interpreting the results, identifying 
errors, and troubleshooting, in order to meet the demand of increased testing. Thus, the vulnerability to 
diagnostic errors, including cross-contamination, is increased and with the tendency for generating false-
positive results that can compromise the health of the patient and disrupt the efficacy of public health 
policies and public health response, surveillance programs, and restrictive measures for containing the 
outbreak. Hence, this review article aims to present the different sources of contamination in the laboratory 
setting where RT-PCR assays are conducted, as well as provide efficient, effective and feasible solutions 
to address these issues, most especially in low- and middle-income countries (LMICs) like the Philippines.
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INTRODUCTION

The emergence of the coronavirus disease 2019 
(COVID-19) has caused a global public health emergency. 
The rapid escalation in the number of infections resulted 
in widescale shortages of personal protective equipment 
(PPE), diagnostic test kits, and essential equipment 
for patient treatment such as respirators. In resource-
limited countries like the Philippines and Indonesia, 
the overwhelming influx of severe COVID-19 cases has 
restricted testing to those who have severe symptoms 
and needing hospitalization.1,2 Consequently, the inability 
to rapidly expand the capacity for widescale testing 
has hindered response efforts. Moreover, the limited 
efforts for rapid contact tracing even in the absence of 
diagnostic testing could have also contributed to the 
rapid transmission of the virus. 

Testing of samples for COVID-19 diagnosis is an integral 
part in resolving the current pandemic. The efforts of 
the Department of Health (DOH), Research Institute 
for Tropical Medicine (RITM), the University of the 
Philippines (UP), Philippine National Red Cross (PNRC) 
and the World Health Organization (WHO) with respect 
to building laboratory networks, providing training and 
proficiency testing, licensing labs, establishing networks 
for distributed testing, logistics, and addressing the 
challenges of identifying, validating, and approving test 
kits for use in the Philippines have been impressive. 
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Prior to the pandemic, the expertise and capabilities to 
test for COVID-19 and similar entities were mostly coming 
from the academe and research centers. In addition, 
lockdown restrictions hindered molecular biologists from 
volunteering their services. When specimen collection 
was heightened, backlogs in testing were experienced as 
molecular diagnostic laboratories were being constructed 
across the country. 

At the start of the pandemic, the Philippines had to 
send swab samples to the Victorian Infectious Diseases 
Reference Laboratory in Melbourne, Australia for 
COVID-19  confirmation.3  Remarkably,  within  two 
hundred days from announcement of the first con-
firmed COVID-19 case in the Philippines in January 
30, 2020, the country has been able to expand its testing 
capacity from one national reference laboratory (RITM) 
to 23 licensed testing laboratories.4 As of September 4, 
2020, RITM has helped accredit a total of 117 reverse 
transcription – polymerase chain reaction (RT-PCR) and 
cartridge-based PCR laboratories across the country.5

Indeed, molecular diagnostic laboratories play a pivotal 
role in the diagnosis and management of human diseases, 
including COVID-19. Considering that RT-PCR remains 
the gold standard for verifying COVID-19 cases, the 
diagnostic accuracy for this technique is of utmost 
importance.6 Thus, this article aims to present the different 
sources of contamination in the laboratory setting where 
RT-PCR assays are conducted, as well as provide efficient, 
effective and feasible solutions to address these issues, 
most especially in low- and middle-income countries 
(LMICs) like the Philippines.

Specimen Collection

When collecting specimens, it is important to properly 
identify the sample, collect adequate amount or volume 
as well as practice standard protocols in the transport and 
proper storage of biological materials to be tested.6

LMICs, however, are confronted with limitations in the 
availability of PPEs and scarcity of manpower while the 
number of suspected cases needing confirmatory testing 
is exponentially growing. With limited resources and 
excessive workload, compliance with the recommended 
protocols might be challenging but cannot be discounted 
since breaching them can be an immediate source of 
cross-contamination that can jeopardize the accuracy and 
quality of RT-PCR testing as well as a source of laboratory 
acquired infections.

For healthcare providers collecting specimens or within 
6 feet of patients suspected to be infected with SARS-
CoV-2, proper infection control must be observed. Prior to 
specimen collection, all PPEs must be sanitized and worn 
following the proper sequence. When wearing gloves, it is 
important to cover part of the forearm while assuring that 
they remain under the sleeves to minimize skin exposure. 
Using a second pair of gloves may also be done to cover 
part of the sleeves. PPEs, including the gown, FFP2 (N95), 
goggles or face shield, and gloves must be worn all the 
time.7 Male health workers are also advised to shave in 
order to obtain an adequate mask's adherence to the face.8 

When collecting the sample, the patient must be seated 
in a comfortable position with the head resting against a 
plexiglass divider. After collection, the nasopharyngeal 
or oropharyngeal swabs are placed in sterile test tubes. 
The tubes are then properly labelled with the patient’s 
personal data and transported to the laboratory in special 
containers designated for biohazard materials.8-10 Proper 
labelling, handling, and storage of collected sample is 
important not only to avoid a false positive result, but a 
false negative as well.7

It is crucial to change gloves and to clean the work area 
between each collection to prevent cross-contamination. 
If this is not feasible or is impractical given the limited 
resources and manpower on top of a demanding workload, 
an option is to disinfect the gloved hands with 70% alcohol 
in a squeeze or spray bottle and then dry with fresh paper 
towel after each patient. Surfaces of the collection booth, 
which are made of plastic or metal or sealed with a non-
porous cover, should also be disinfected especially when 
patients made physical contact on the area. WHO has 
provided guidelines on the use of disinfectants such as 
sodium hypochlorite or bleach (0.1% for general surface 
disinfection and 1% for disinfection of sample spills), 
62-71% ethanol, 0.5% hydrogen peroxide, quaternary 
ammonium compounds, and phenolic compounds (used 
according to manufacturer’s recommendations). Although 
less effective, 0.05-0.2% benzalkonium chloride or 0.02% 
chlorhexidine digluconate can also be used. Apart from 
using the correct disinfectant, contact time, dilution and 
shelf-life should also be considered.11 Alcohol can also be 
sprayed, but must be wiped only after at least 20 seconds 
of contact with the surface. Bleach solutions should be 
prepared fresh each use.11 The sample collection boxes 
or coolers, reusable cold packs, pouches, and racks must 
also be regularly disinfected. But it must be noted that 
after disinfection, the technician must wipe the surfaces 
with paper towel wet with sterile water followed by 
70% alcohol dampened paper towel to prevent residue 
build-up and PCR inhibition. 

When sampling is done, removal of PPEs should follow 
correct sequence while avoiding contact with external 
surfaces. The suit, shoes, used gloves, and used mask 
must be placed in a special waste container. The hands 
are also cleansed with soap and water or sanitized with 
alcoholic solution.8 

Analytical Issues 

Confirmatory laboratory tests through nucleic acid 
amplification assay is performed for suspected cases. The 
use of RT-PCR remains the gold standard for testing 
wherein unique sequences of the SARS-CoV-2 genome 
are detected.12 However, RT-PCR is labor intensive and 
is an inherently complex assay requiring experience in 
all aspects of testing, and thus limiting the capacity for 
quick turnaround time from sample collection to the 
availability of results. This bottleneck may lead to long 
wait periods and an exponential demand for testing.6 
With the increasing number of suspected cases needing 
confirmatory diagnostic testing, laboratory personnel are 
forced to work under severe pressure in high-throughput 
settings with an insurmountable workload and with limited 
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environment which also excludes positive internal reaction 
controls. Provision of different storage areas and freezers 
for specimens and reagents is highly encouraged. 

Another possible source of cross-contamination is the 
pipetting of patient samples into the PCR plate or strip. 
Possibly, samples can also be misidentified as positive due 
to sample misplacement. Thus, proper pipetting and 
double-checking sample placement while still following 
aseptic techniques (use of PPE, use of sterile materials, 
disinfecting work area) when running RT-PCR analysis 
should always be followed. Cleaning of the work area, 
pipettors, freezer handles, and other materials using 
the appropriate decontaminating agent is also a must 
before and after PCR work. Racks should be immersed 
in disinfectant for 10 minutes and then dried with clean 
paper towel. It is also prudent for clinical molecular 
laboratories to invest on autoclavable pipettors to lessen 
cross-contaminations. 

Increased frequency of disinfection with the use of 
disinfectants as provided by the WHO guidelines can also 
be practiced, either every 30 minutes or after processing 
of COVID-19 samples.11 However, for consumables that 
have been in contact with infectious samples, disposables 
are recommended.

After RT-PCR analysis, post-PCR is an important step 
to interpret results for diagnosis. No amplification must 
be observed in the negative controls provided by the 
test kit, as well as in the elution buffer (or whichever is 
appropriate depending on the test kit used) to guarantee 
that there is no contamination in the process. In case 
there is possible contamination, the quality of water 
should be checked, and in some cases contamination of 
the instrument can also be considered.20 To avoid these 
problems, fresh (unopened) water must be used in each 
run, and the reagents should be prepared in aliquots in 
sterile containers once the kit is opened. Proper aseptic 
technique must be observed until the samples are placed 
in the machine. When placing samples and controls in the 
multi-well plate, it is recommended for the controls not to 
be placed next to each other to make sure that no cross-
contamination happens while samples are transferred to 
their designated wells. It is also highly recommended to 
assign around 3 or more water controls randomly in the 
multi-well plate to monitor aseptic pipetting. 

It is also worth noting that cross-contamination in the 
laboratory may not be the only cause of unreliable results. 
In the early stage of the COVID-19 pandemic, a delay 
in testing in Europe was caused by a contamination in 
the test kits.21 This problem was also experienced by the 
Philippines when locally made test kits were found to have 
contaminated reagents.22 Nevertheless, observing proper 
techniques in COVID-19 testing laboratories should 
always be strictly followed to avoid unreliable results 
which are counterproductive in any situation. 

Technicians assigned in a COVID-19 testing laboratory can 
also become infected with the virus and unintentionally 
contaminate the sample they process and the laboratory 
environment. Hence, technicians, especially those 
assigned in the PCR room, are advised to wear goggles or 

access to personal protective equipment (PPE).13 Due to 
the shortage of a trained clinical laboratory workforce, 
especially in resource-limited countries, diagnostic 
centers are forced to hire additional laboratory personnel 
who have limited experience and technical knowledge 
and skills of molecular assays, especially in processing 
specimens, interpreting the results, identifying errors, 
and troubleshooting, in order to meet the demand of 
increased testing.14 Thus, the vulnerability of laboratory 
medical services to diagnostic errors, including cross-
contamination, is increased and with the tendency for 
generating false-positive results that can compromise the 
health of the patient and disrupt the efficacy of public health 
policies and public health response, surveillance programs, 
and restrictive measures for containing the outbreak.15 In 
worst cases, a false-positive result may entail unnecessary 
treatment and may undermine available workforce, 
especially if the patient is working as a public servant and 
is forced to self-isolate. Meanwhile, a false-negative result 
can foster rapid human-to-human transmission of the 
virus due to the failure in the application of restrictive 
and containment measures as well as in the identification 
of other suspected cases, especially those exposed to the 
patient who is infected with SARS-CoV-2.6 

Thus, the World Health Organization had released 
guidelines on biosafety in laboratories handling COVID-19 
specimens.16 Likewise, the Department of Health in the 
Philippines had released guidelines on how to operate local 
COVID-19 testing laboratories.17 This sets the standard to 
make sure that tests are reliable, and to promote the safety 
of those operating the laboratory. Aside from this, some 
studies suggest that there is a high rate of false negative 
test results from using the RT-PCR diagnostic kits.18 With 
this, it is important to avoid unnecessary errors particularly 
in processing samples. 

In the laboratory, RT-PCR is a multi-procedural process 
which makes it susceptible to cross-contamination. 
After sample collection, RNA is extracted from the 
specimen to prepare for RT-PCR. The RNA of SARS-
CoV-2 can be easily transferred from a contaminated 
gloved hand to the working surface, or to the laboratory 
environment.19 Although WHO guidelines suggest good 
microbiological practice and procedure, it is not clear on 
how often laboratory personnel should change gloves. 
The guidelines are also more focused on protecting the 
laboratory personnel. To avoid cross-contamination, it is 
important to promote changing of gloves as frequently 
as possible, especially if soiled with solutions containing 
template RNA. Not only in the use of gloves, but the 
entire set of the PPE should be changed when moving 
to a different area of the laboratory. Aside from this, 
materials such as pens, small equipment, tubes, pipette 
tips, and other consumables should never be brought 
from RT-PCR to the pre-PCR area. Laboratory guidelines 
require unidirectional workflow, as such laboratorians and 
even the cleaning personnel should be reminded to treat 
each area as a different room to prevent conveying the 
amplicons to amplification product-free areas. Moreover, 
the Philippines’ DOH guidelines require the separation 
of pre-PCR room into two areas: (1) specimen handling 
or sample preparation room and (2) reagent preparation 
room. The reagent preparation room is a ‘template’ free 
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face shield and disposable surgical cap and mask, which 
they must be dispose of in proper bins located in the same 
room before leaving the area. Disposable lab gowns are 
highly recommended but may not be practical in low 
resource areas. Hence, it is advised that laboratory gowns 
must not be brought home by the technicians but have 
to be washed and sterilized by their hospital linen and 
laundry services. 

Conclusion

The COVID-19 pandemic has caused a global public 
health emergency. Although efforts have been made 
to prevent the spread of the disease, there is still an 
increasing number of cases each day. Reliable diagnosis 
through RT-PCR testing plays an important role in 
the management of the disease. Thus, it is essential to 
avoid any cross-contamination when handling biological 
specimens from patients. Proper laboratory practices 
should always be observed, with the focus on changing 
gloves as often as possible and changing PPE when moving 
from one work area to another. Guidelines from the World 
Health Organization on how to operate laboratories 
should be strictly followed, as well as those provided by 
a country’s health ministry. Unidirectional workflow 
in the laboratory while following aseptic technique in 
each step is crucial in maintaining the reliability of a 
molecular diagnostic laboratory. 
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