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Abstract

Like elsewhere around the globe, SARS-CoV-2 infection is spreading in rural Egypt. Due to high sensitivity
and specificity, the gold standard of diagnostics is reverse transcription polymerase chain reaction PCR
(RT-PCR). Rural areas without access to certified laboratories cannot take advantage of RT-PCR testing,
and thus are dependent upon rapid antigen testing, a point-of-care test that requires less training and
can produce results within 15 minutes. Rapid antigen testing can give an advantage to medical teams in
rural settings by affording effective and early control of SARS-CoV-2 infection spread. We sought to assess
the contribution of different COVID-19 testing procedures in rural Egypt. We conducted a prospective
cohort study in a rural lab in Giza, Egypt. Approximately 223 individuals with potential SARS-CoV-2
infection were involved in the study during the pandemic peak in Giza, Egypt, from March 4 - May
30, 2021. Subjects were subjected to RT-PCR and rapid antigen testing, and the performance of each
testing procedure was compared. Between March 4 - May 30, 2021, approximately 223 symptomatic
individuals were included in this study. 190 patients (85.2%) were indicated as PCR positive for SARS-
CoV-2, while 33 (14.8%) were PCR negative. In comparison, a rapid antigen test showed 178 out of 223
patients (79.8%) were indicated as positive, or 94% of the PCR-positive individuals. In Giza, a rural area
of Egypt, RT-PCR had an optimal balance of sensitivity and specificity, however, the turnaround time
was a limiting factor. Antigen testing, performed as a rapid point-of-care test, can play an effective
role in rural outbreak control due to its ease of use and rapid results.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is
aninfectious disease induced by Coronavirus type
2 that causes Severe Acute Respiratory Syndrome
(SARS-CoV-2). Effective infection control hinges, in
part, on early diagnosis and isolation of infected
individuals, and quarantining and testing of close
contacts is of great value.?

The emergence of COVID-19 in Egypt,
and its swift progression, has made rapid
detection of confirmed cases, and identification
of close contacts through contact tracing vital to
community-based infection control.?2 RT-PCR and
Rapid Antigen tests are the main confirmatory
tests used in the diagnosis of SARS-CoV-2 but
other tests can help as non- contrast chest CT
along with some blood tests as D-dimer or serum
ferritin which are not confirmatory but may only
suggest as they can be misdiagnosed in other
diseases. Based on nucleic acid detection, the RT-
PCR approach to SARS-CoV-2 testing has developed
into a highly-sensitive and specific method.?
It detects positive or negative cases with no
variants detection and although RT-PCR is used for
consistent and effective detection of SARS-CoV-2
infection, a significant disadvantage of RT-PCR is
the possibility of false results.* Thus, a negative
result does not completely rule out COVID-19. The
sensitivity of RT-PCR may be inadequate since the
viral load is less than the limit of detection during
the initial phases of COVID-19, or due to technical
difficulties such as sampling errors.> Additionally,

Table 1. Comparison between PCR and Antigen rapid test

rural communities that lack access to facilities
that can run RT-PCR tests may experience delayed
reporting of results.

Antigen tests have been identified
as diagnostics that are capable of rapidly
distinguishing those who are infected from those
who are not. Although less sensitive than molecular
techniques that identify viral RNA, antigen tests
are particularly useful in identifying infection in
individuals with a substantial viral load in their
upper respiratory tract. Because the test takes
only 15 minutes to complete, it is a cost-effective,
quick, and safe point-of-care diagnostic.® Although
the sensitivity of antigen tests is less than that of
molecular approaches, effectiveness and short
turnaround time are important considerations for
controlling viral transmission.’

Another important consideration involves
the process of specimen collection. RT-PCR
specimen collection is invasive and runs the risk
of hemorrhage for the patient. It also elevates the
risk of SARS-Co-V-2 transmission to healthcare
professionals. On the other hand, saliva specimen
extraction is a non-invasive procedure that
can be performed safely and with lower risk of
SARS-CoV-2 infection to healthcare personnel,®
comparison between both methods shown in
Table 1.

The purpose of this study was to
understand the accuracy of RT-PCR and rapid
antigen testing as diagnostic tools used in viral
detection in Giza, Egypt.

RT-PCR Rapid antigen test

Procedure Invasive Non-invasive

Technique Molecular Antigen reaction

Detection RNA genetic material Proteins tat are part of the virus

Target Diagnose and rule out active coronavirus Rapid diagnose of active coronavirus

Time Hours to days 15min

Accuracy Gold standard Positive result are confirmatory but negative
result have to be repeated by RT-PCR

Sensitivity High (Especially during first week) Low (may be high during second week)

Specificity High (May help in asymptomatic patients)  Needs confirmation in asymptomatic patients

Seroconversion  No Yes

Groups Benefit in large group of patients Small group of patients

Operator error High if not well trained Low
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METHODS

This was a prospective cohort study
conducted in a lab in rural Giza, Egypt between
March 4 - May 30, 2021. Approximately 223
individuals with suspected SARS-CoV-2 were
subjected to RT-PCR and rapid antigen tests.

Patients

Study subjects included those with
dyspnea, fever, and respiratory symptoms
including cough and sore throat. A nasopharyngeal
or oropharyngeal swab was collected from
each individual and evaluated for the existence
of SARS-CoV-2. If the initial RT-PCR result was
negative, a second RT-PCR was conducted within
48-hours of visible symptoms and the absence of
an alternative diagnosis. Subjects were male and
female, between 23 and 75 years of age, residents
of rural areas of Giza, Egypt, with clinical signs and
symptoms of SARS-CoV-2 infection. We excluded
asymptomatic individuals and those who refused
to sign a consent or otherwise declined to be part
of the study.

Molecular Technique: RT-PCR

The RT-PCR assay was used to establish
the presence of SARS-CoV-2 in the laboratory. To
begin, RNA was isolated from clinical specimens.
The DiaPlexQTM Novel Coronavirus (2019-nCoV)
Detection Kit is an in-vitro testing reagent for the

qualitative detection of SARS-CoV-2 ORFla and
the N gene by Multiplex OneStep qRT-PCR. RNA
was obtained from nasopharyngeal swabs utilizing
the QIAamp Viral RNA Mini Kit (QIAGEN catalog #
52904 or 52906). 140 was the suggested starting
volume for specimens. RNA was extracted from
the samples according to the manufacturer’s
guidelines for use (Roche). The Roche kit required
the addition of 310L of pre-aliquoted External Lysis
Buffer to a 140L sample (total input sample volume
was 450L). All extracted RNA was eluted in a final
volume of 60L. Parallel to each batch of patient
samples, an External Positive Control was used to
monitor RNA recovery, and served as a control for
reverse transcription. Analysis and results were
reported after analysis of the amplicon formation
and calculated cut-off value.

Rapid Antigen Test

COVID19 Ag was used to identify SARS-
CoV-2 antigen using the PCL COVID-19 GOLD SALIVA
test pattern according to the manufacturer’s
guidelines. Membrane technology dependent
on colloidal gold nanoparticles and monoclonal

Table 2. PCR test for suspected individuals

PCR test PCR positive  PCR negative Total
Suspected 190 (85.2%) 33 (148%) 223
individuals

= PCR +ve
= PCR -ve
= Ag +ve

= Ag-ve

Figure. Percentage of PCR and Rapid antigen tests showing the highest prevalence for RT-PCR +ve test
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antibodies was used in this experiment. Monoclonal
antibodies were immobilized in the test region of
the nitrocellulose membrane. When a sample
comprised an antigen-specific for SARS-CoV-2, it
was bound to the conjugate (COVID19 antibody-
gold conjugate) to form a complex, moved along
the nitrocellulose membrane by capillary principle,
and immobilized with the COVID19 antibody in the
test region. Antigen-antibody immune responses
form double complexes that appear in the color
band. Regardless of the presence or absence of
SARS-CoV-2 antigen in the sample, the color band
remained in the control zone of the product.

Nasopharyngeal Swab Specimen Procedure Rapid
Ag Test

Nasopharyngeal swabs have been
validated with the PCL COVID19 Ag Rapid Gold. The
sampling swab was inserted through the nostril
or mouth and gently pushed into the posterior
nasopharynx or oropharynx. The sampling swab
was rotated three times before the swab was
removed. The swab was then put in the extraction
buffer tube for immediate use.

RESULTS

Out of 223 suspected individuals, 190
were documented as PCR-positive for SARS-CoV-2
(85.2%), and about 33 (14.8%) were PCR-negative
as shown in Table (2). Comparatively, 178 of the
223 (79.8%) were SARS-CoV-2 positive with the
rapid antigen test (about 94% of the PCR-positive
results), while 45 (20.1%) were reported negative
as shown in Table 3 and Figure.

DISCUSSION
Coronaviruses are non-segmented,
enveloped, positive-sense RNA viruses that are

widely dispersed in humans and other mammals.
They are members of the family Coronaviridae and

Table 3. Rapid Antigen test for suspected individuals

Antigen test Antigen Antigen Total

positive negative
Suspected 178 (79.8%) 45(20.1%) 223
individual

the order Nidovirales.? Improvements in SARS-
CoV-2 diagnosis with easy, rapid and cost-efficient
approaches are urgently required to control the
COVID-19 pandemic.

In the present study, as shown in Table
4; we reported the prevalence of male to female
ratio were 60% to 40% which was similar to a study
made by Abohamr et al.’® who reported majority
was males confirmed by some studies,**** who
suggested that male sex is a risk factor for the
severity of COVID-19. It has been suggested that
the sex-based difference between the circulating
angiotensin-converting enzyme (ACE)-2 levels, the
receptor of which was associated with intracellular
penetration of SARS-CoV-2,¢ or the smoking rate
difference according to sex may have affected
the sex difference on the severity of COVID-19.
In addition, the potential association between
androgen level and COVID-19 severity was
suggested.”

Furthermore, we observed the highest
prevalence for chest infection 75% followed by
cardiovascular diseases 65% and the least was
malignancies 10% followed by hepatic diseases
7% in the clinical study population characteristics
which was in contrast by previous studies made by
Huang et al.*® and Yang et al.** who reported major
clinical factor for cardiovascular and metabolic
diseases and also in contrast with a study Abohamr
et al.”® reported diabetes mellitus to be the most

Table 4. Characteristics of the study population
revealed prevalence of male to female ratio by (60%).
Most patients had one or more comorbidities. Chest
and pulmonary diseases showed the highest frequency
followed by cardiovascular diseases and the least for
malignancy followed by hepatic diseases

Characteristics of the study population

Gender
Male 60%
female 40%
Comorbidity
Chest Infection 75%
Cardiovascular diseases 65%
Hypertension 40%
Renal Problems 14%
DM 12%
Malignancy 10%

Hepatic diseases 7%
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frequent comorbidity but in accordance with a
study made by Wan et al.’® who reported chest and
cardiovascular diseases as the highest frequency
and this may be due to the expression of ACE-2 is
increased in patients with hypertension, diabetes,
and chronic obstructive pulmonary disease
(COPD), these comorbidities can increase both the
risk and severity of COVID-19 infection.?®?

In this study, we found that the RT-PCR
test had a higher sensitivity than specificity.
However, when results between PCR and rapid
antigen test-positive cases were compared, the
rapid antigen test detected 94% of the cases.
Diagnostic accuracy findings should be regarded
cautiously for a variety of reasons, one of which is
the possibility of false negatives in both the Rapid
Ag and PCR tests in the initial stages of COVID-19.%
Reasons for a false negative test result could be
because of poor sampling technique. It may be less
effective when carried out unsupervised. Sample
degradation; samples may degrade when stored
or while being transported. Sampling too early.
Viral shedding from individuals peaks just before,
or at the onset of symptoms. If samples are taken
early in infection (1 to 4 days after infection) they
have an increased false negative rate. Sampling
too late; viral shedding declines after symptoms
have peaked so at this stage of infection will show
anincreased false negative rate, CDC documented
variant delta in this study period of time still
no data on variants effects on the results so no
suggested relationship occurred.?

To offset the possibility of false negatives,
we incorporated multiple PCRs and meticulously
documented each patient’s condition and this
was in accordance with kruttgen et al.?* in which
in their review they reported the diagnostic
accuracy of rapid antigen test sensitivity to be
higher in their population (Sensitivity:79.4%,
Specificity:99.1%) and approaching the minimum
WHO performance requirement. Also similar to
a study made by Haimayo et al.,”® and Dinnes et
al.,”® who reported that RA test-specific results are
an important component of the tool set for policy
decision-making, and demonstrate that judicious
selection of an appropriate RA test can supply a
viable alternative to RT-PCR in efforts to control
the spread of disease that showed comparable
sensitivity and specificity with the real-time RT-PCR

assay. Thus, there is a potential use of this rapid
and simple SARS-CoV-2 antigen detection test as
a screening assay. In contrast to a study by Haung
et al.,”” who reported The sensitivity of the rapid
test was only 41.2%, and specificity was 98.4%
versus RT-PCR results, whereas sensitivity was
100% compared with viral culture positivity and
also in contrast to Lauer et al.,”® who concluded
that sensitivity and specificity of the antigen assay
is inferior to the PCR assay.

Assignificant benefit of the Rapid Ag test is
the near-immediate accessibility of findings, 10-15
minutes after sample collection. The PCR test can
take up to 8-10 hours, or even a full day to obtain
samples and initiate a run, although the time could
be reduced with training.? In addition to the fast
results, the advantage of the Rapid Ag test as a
COVID-19 screening method is its straightforward
technique, with its downside being poorer
sensitivity. Despite its inadequacies, the nucleic
acid test for SARS-CoV-2 gene identification, which
would be more sensitive and specific than this side
flow immunoassay, remains the gold standard for
COVID-19 diagnostics.*

The WHO currently recommends Rapid
Ag test that meet the minimum performance
requirements of >80% sensitivity and >97%
specificity compared with that of molecular
testing, while the European center for Disease
Prevention and Control suggests the use of
tests with performance closer to RT-PCR, i.e.,
290% sensitivity and 297% specificity. However,
because the findings of our study showed similar
overall sensitivity of Rapid Ag test than that
recommended by the WHO and the ECDPC, the
usefulness of Rapid Ag test as a replacement
for molecular testing seemed to be of valuable
alternative method.3!

Therefore, the rapid SARS-CoV-2 antigen
test can assist healthcare personnel in handling
infected people more efficiently, and can be very
useful in rural epidemics when there is limited
accessibility to a lab facility equipped with PCR.

These recommendations will be delivered
to the Department of Health in Giza, Egypt to
encourage greater use of the rapid antigen testing
process and thus improve access to SARS-CoV-2
testing in rural areas of Egypt where a certified
lab is not available.
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CONCLUSION

PCR remains the gold standard of
SARS-CoV-2 testing. Although the sensitivity and
specificity of the Rapid Ag test are lower than the
PCR technique, using the Rapid Ag test to screen
may play a critical role in responding to rural
epidemics. Rapid Ag testing could be used in place
of laboratory-based RT-PCR especially during the
first week of infection, when viral loads are highest,
and swift decision-making is critical, or when
access to laboratory facilities are limited. Because
antigen testing has varying degrees of sensitivity,
individuals who test negative may nonetheless be
affected. This study will help healthcare workers
in Egypt with more effective utilization of the
available tests when managing COVID-19.
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