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Conclusion: The accuracy of the SARS-CoV-2 Roche RAT in diagnosing SARS-CoV-2 infections was inferior to RT-PCR and manufacturer’s data. The
sensitivity was with low Cycle threshold values < 20 which were inversely related to the viral load. RAT test should be used in association with clinical
impression of physicians. In hospital setting especially in emergency department, the role of RAT should be reconsidered in those patients presenting with
anosmia and some cases of dyspnoea, late symptoms in the course of disease, as the RAT results would be false negative. Other errors may arise if the
operator for RAT has to handle more than recommended tests per hour especially in the peak of epidemics.

Keywords: SARS-CoV-2 Rapid Antigen Test (RAT); Nasopharyngeal swab; Reverse Transcription Polymerase Chain Reaction (RT-PCR); Sensitivity;

Specificity; Cycle Threshold (CT)

BACKGROUND

Coronavirus disease 2019 (COVID-19) has been spreading
to the whole world since December 2019. As of end of June,
2021, the total number of confirmed cases was 27,000 in
Myanmar [1]. Being a developing country, it was a great
burden on healthcare system in all aspects: prevention,
diagnosis, treatment and rehabilitation. Rapid Antigen Tests
(RAT) are very simple; they do not need special technical
expertise and molecular laboratory unlike a standard
laboratory-based Reverse Transcription-Polymerase Chain
Reaction (RT-PCR) test [2]. In fact, they can be done at grass
root level even at home as self-testing. Regarding duration
of test, the results can be obtained in 30 minutes whereas
RT- PCR test takes 6-8 hours [2]. Therefore, rapid tests play
an important role for clinicians; early diagnosis of clinically
suspicious cases and treatment are critical in saving the lives
of patients. Moreover, early diagnosis of contacts of patients
and timely isolation can prevent further spread of COVID-19
infection; high impact during epidemics. Furthermore,
screening at main entry point to Myanmar like airport,
Toll gate and border points with rapid tests can limit cross
country/border spread. In addition to time factor, viral
transport media is required for RT-PCR test which has added
value on cost; total cost per one test for RT- PCR test is six
times higher than that of RAT. Rapid antigen tests are better
option because SARS-CoV-2 nasopharyngeal swab RT-PCR
tests are expensive and not easily available at grass-root
level. There is a high demand for SARS-CoV-2 testing by
RAT to identify COVID-19 cases. The diagnostic accuracy of
Roche SARS-CoV-2 RAT in nasopharyngeal swab should be
assessed in Myanmar.

The COVID-19 tests by Reverse Transcription Polymerase
Chain Reaction (RT-PCR) technology have been carried
out in various molecular laboratory in different States and
Division of Myanmar: the National Health Laboratory in
Yangon, Department of Medical Research (Lower Myanmar);
Yangon Division, Public Health Laboratories (Mandalay;
Mandalay Division, Mawlamyaing; Mon State, Taunggyi;
Southern Shan State, and Muse; Northern Shan State), No. (1)
Defence Services General Hospital (1000-bedded), Yangon,
No. (2) Defence Services General Hospital (1000-bedded),
Nay Pyi Daw; capital of Myanmar, No. (3) Military Hospital
(300-bedded) Kyaing Ton; Eastern Shan State, and No. (17)
Military Hospital (100-bedded), Sittwe; Rakhine State. The
nasopharyngeal swab from village and small town is sent in
viral transport media; thus, more time consuming.

For the molecular diagnosis of COVID-19 infection, the
gold standard test, a Reverse Transcription Polymerase
Chain Reaction (RT-PCR) has been done in molecular
laboratory at No. (1) Defence Services General Hospital
(1000-bedded), since February 2020; it is one of the
reference laboratories for molecular tests for COVID-19 in
Myanmar. It was approved in April 2020 by National Health
Laboratory, Union of Myanmar; then, it was accredited
by Royal College of Pathology of Australia in 2021. All the
nasopharyngeal swabs from clinically suspicious cases,
contact of the patients and healthy persons from Yangon
region have been sent to it on daily basis for more than one
year; and, the average test sample per day is 1,000 to 1,500.
RT-PCR tests have several limitations; they require qualified
operator; the tests must be done in molecular laboratory
with BSL 3; they need special equipment and machine;
they are expensive; and, it takes several hours to get the
results. Faster, cheaper, and easier to use alternative tools
are required in developing countries. Thus, it is necessary
to deploy SARS-CoV-2 RAT for nasopharyngeal swab
especially in peak of epidemics. Among the various Antigen-
Detecting Rapid Diagnostic Tests (Ag-RAT), non-expensive
and user friendly one is preferable. On the other hand, it
must have good accuracy. Several reports mentioned various
accuracy of SARS-CoV-2 RAT for nasopharyngeal swabs [2-
£4]). Some findings suggested that the accuracy was better if
it was used in symptomatic cases especially in early stage of
disease where the viral load was high [5-7]. Another report
pointed out that the results of RAT should be combine with
clinical scenario to get better diagnosis [7]. In addition, the
report on specificity of RAT on asymptomatic cases were
very limited.

Therefore, the accuracy of RAT was important for early
diagnosis in clinical setting as well as decision making
in public health aspect. The rapid test should have high
specificity; better for exclusion of diagnosis. On the other
hand, the sensitivity should not be too low. According to
manufacturer’s information on SARS-CoV-2 Roche RAT,
the diagnostic sensitivity and specificity in nasopharyngeal
swabs collected from both symptomatic and asymptomatic
patients were 96.5 and 99.7%, respectively [8].

For better management of this novel threat, exploring
detailed knowledge on accuracy of the SARS-CoV-2 Roche
RAT in diagnosing SARS- CoV-2 infections in both clinically
suspected cases and healthy subjects was still required. In
Myanmar, there is no previous study regarding the accuracy
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of RAT especially in relation to symptoms. It is necessary
to investigate them in Myanmar, where the sensitivity and
specificity of SARS-CoV-2 Roche RAT in nasopharyngeal
swab may differ from the manufacturer’s data; the findings
may not be the same as that of other countries. The aim of
the study has therefore been to assess the accuracy of SARS-
CoV-2 Roche RAT in diagnosing SARS-CoV-2 infections
in both clinically suspected cases and healthy subjects in
Myanmar.

METHODS

Study design, setting, and population

It was a hospital and PCR laboratory based exploratory
study in out-patient department and fever clinic, and
molecular laboratory of No (1) Defence Services General
Hospital (1000-bedded), Yangon, Myanmar. Nasopharyngeal
swabs were obtained, and the Roche RAT was conducted in
parallel with RT-PCR test (reference standard).

Both clinically suspicious patients and asymptomatic/
healthy subjects were recruited between June and July
2021. Inclusion criteria were: (a) clinically suspicious cases
with SARS-CoV-2 infection; (b) age over 18 years; and (c)
informed consent. Exclusion criteria were: (1) those cases
who did not take nasopharyngeal swab for RT-PCT; and (2)
those who did not give informed consent.

Study processes, handling of data, and samples

The subjects were recruited at two sites: emergency
department (patients) and out-patient department (healthy
subjects) of No. (1) Defence Services General hospital,
Yangon. They were explained by physicians on call for the
procedure of nasopharyngeal swab- two sets: one for Roche
SARS- CoV-2 Rapid Antigen Test (RAT) and the other for
RT-PCR. After getting informed consent, nasopharyngeal
swab was taken by trained technicians/operator under
supervision of physicians. All technicians/operator had
completed a training course that was prepared according to
established guidelines on swab collection [9]. The procedure
was supervised during the first few days of practice. Swabs
were collected using nylon flocked swabs, it was placed in a
3 ml Viral Transport Medium (HiMedia, India), and sent to
molecular laboratory which was situated 3 minutes walking
distance; then, it was stored at 4°C and processed within
6-12 hours (RT-PCR).

The swab for RAT was done immediately after taking
the sample by the trained technician/operator; and, the
result was recorded in the proforma. The result of RAT
was informed to attending physician and not to molecular
microbiologist. The symptoms were recorded if the patients
were in emergency unit; the reasons for test were noted if
the healthy subjects were in out-patient department. The
proforma was filled. Coded clinical data and laboratory test
results were stored in separate databases and analysis was
done.
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Determination of the rapid antigen test

Using the same sample material, the Roche SARS-
CoV-2 rapid antigen test was conducted by a trained
medical laboratory technician who was unaware of the
RT-PCR results. Quality control was performed daily, and
the manufacturer’s instructions were strictly followed
(package leaflet; Roche Diagnostics, Mannheim, Germany).
In brief, three drops of the extracted sample were applied
to the specimen well of the test device and the test result
was completed within 15-30 minutes. The result was only
considered valid if the control line was visible. Even faint test
lines were considered positive.

Reverse transcription polymerase chain reaction
for SARS-CoV-2 detection

The gold standard test was a Reverse Transcription
Polymerase Chain Reaction (RT-PCR) laboratory-based
assay doneinmolecular laboratory at No. (1) Defence Services
General Hospital (1000-bedded); a reference laboratory
for molecular tests for COVID-19 approved/ accredited by
National Health Laboratory from Union of Myanmar and
Australia in 2020. At the molecular laboratory, viral RNA
was extracted within 35 minutes using the MagaBio plus
Virus DNA/RNA purification kit (Bioer, China) and Bioer
Automatic Nucleic Acid Extraction Machine (Gene Pure
Pro, China) according to the manufacturer’s instructions.
For SARS-CoV-2 RNA detection, 5 ul of RNA template was
tested, using the TaqPath 1-Step SARS-CoV-2 detection kit
(Thermofisher Scientific, USA). These detection kit contain
primers and probes targeting the ORF1ab gene, Spike gene
and N gene. The samples were amplified in Applied Biosystem
7500 Fast Thermocycler instrument (Thermofisher,
USA). The PCR program consisted of 25°C for 2 min (UNG
incubation), 53°C for 10 min (Reverse transcription), 95°C for
2 min (Polymerase activation) followed by 40 cycles of 95°C
for 3 secand 60°C for 30 sec. Samples were reported as SARS-
CoV-2 RNA detected when at least 2 targets were detected
with typical exponential growth curves with Cycle Threshold
(CT) less than 37.

Statistical analysis

Patient characteristics were presented as numbers
(percentages) or mean (standard deviation), as appropriate.
Two-by-two tables were created using RT-PCR results as
the reference standard test and the Roche SARS- CoV-2 rapid
antigen test as the index test. Sensitivities and specificities
were calculated accordingly. RT-PCR was considered as a
reference standard against the Roche SARS- CoV-2 RAT.
Data were presented over- all and in salient subgroups. For
sensitivity analysis, diagnostic accuracy measures were
calculated for additional Cycling Thresholds (CT) of the RT-
PCR. A prevalence of 10% and a power of 0.8 were considered
as verifying sensitivity of 90%. Confidence intervals were
also calculated [10]. Analyses were performed using SPSS
version 23.
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Sensitivity: The sensitivity was calculated as the number
of specimens identified as positive by the Roche SARS-
CoV-2 RAT divided by the number of specimens identified
as positive by the RT-PCR reference assay, and expressed as
a percentage.

Specificity: The specificity was calculated as the number
of specimens identified as negative by the Roche SARS-
CoV-2 RAT divided by the number of specimens identified
as negative by the RT-PCR reference assay, and expressed
as a percentage.

Accuracy: The accuracy was calculated as the proportion
of Roche SARS-CoV-2 RAT results that agreed with the
RT-PCR results (positive and negative), and expressed as a
percentage.

The sensitivity, specificity, and accuracy calculations
were performed using the proportion command in STATA®
15, which also generated the 95% Confidence Intervals (CIs).

Comparison of Cycle Threshold (CT) values with
antigen assay results

The relationship between the viral load measured as the
RT-PCR Ct value and rapid antigen detection was analysed.
Ct values were categorized as strongly positive (Ct < 20)
indicating abundant target nucleic acid in the sample,
moderately positive (Ct = 21-25), weakly positive (Ct = 26-
30), and very weakly positive (Ct = > 30); and, they were
compared with the Roche SARS- CoV-2 RAT results.

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES 1ssn: m

RESULTS

Sensitivity, specificity, positive predictive value and
negative predictive value are provided with 95% confidence
interval.

Initial recruitment consisted of 18,709 patients/healthy
subjects, and 932 individuals having both RAT and RT-
PCR were eventually included in this study as shown in
figure 1. The majority of patients presented with symptoms
consistent with COVID-19 (n = 578; 62.0%); one-third of
study population was asymptomatic cases (n = 354; 38%).
Three hundred healthy subjects were referred because of
exposure to infected individuals; and, 54 healthy subjects
were for screening (eg. travel requirements). The mean
age was 52.14 years (standard deviation, SD 17.68); 535
individuals (57.4%) were male.

Table 1reveals clinical performance of RAT. True positive
(both RAT and RT-PCR positive) was 26.1% (243/932)
and true negative (both RAT and RT-PCR negative) was
36.9% (344/932); false positive (RAT+/PCR-) was 12.9%
(120/932) and false negative (RAT-/PCR+) was 24.1%
(225/932). The sensitivity of RAT was higher in patients
with any symptom (57.07%). The sensitivity was lower in
asymptomatic healthy subjects (33%). RT-PCR was positive
in 468 cases, corresponding to a prevalence of 50.2%. The
RAT was positive in 363 patients (39.6%), and negative
in 569 individuals (60.4%). The overall sensitivity of the
rapid antigen test was 51.9% (95% Confidence Interval [CI]

Initial recruitment
18,709 patients/subjects

Informed consent

RAT
932

RT-PCR
18,709

RT-PCR positive
7,565 patients/subjects

RT-PCR Negative
11,144 patients/subjects

17,777

Excluded

RAT not done
informed consent not obtained

932 patients/subjects with positive RAT

¥

¥

L 2

Figure 1 RAT & RT-PCR flow chart.

Both RT-PCR & RT-PCR negative
RAT positive RAT positive
(True positive) (False positive)
243 (26.1%) 120 (12.9%)
a b

RT-PCR positive Both RT-PCR &
RAT negative RAT negative
(False negative) (True negative)
225 (24.1%) 344 (36.9%)

c d
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Table 1: Clinical performance of RAT.

RT-PCR RT-PCR
positive negative

RAT positive 243 (26.1%) 120 (12.9%)

RAT negative 225 (24.1%) 344 (36.9%)
51.92 % (47.29-56.53)
74.14 % (69.9-78.07)

66.94 % (62.91-70.74)

Sensitivity
Specificity
Positive predictive value

Negative predictive

60.46 % (57.84-63.02)
value

47.29-56.53) and, the specificity was 74.1% (95% CI 69.9-
78.07); positive predictive value was 66.9% and negative
predictive value was 60.5%. The sensitivity increased to 78%
in the case of a high viral load. In asymptomatic individuals,
the sensitivity was 33.0% and specificity was 86.2%. In
symptomatic individuals, the sensitivity was 57.1% and
specificity was 59.5%.

Figure 2 shows variation in sensitivity with Ct value from
RT-PCR. Progressive decline in performance was observed
as Cycle Threshold (CT) values of different SARS-CoV-2
gene targets increased. The sensitivity varied with Ct value:
78.4 % in clinical samples with Ct values <20; between 58.5%
in those with Ct values between 21 and 25; 31.8% in samples
with Ct values between 26 and 30; and, 17.9% in samples
with Ct value > 31.

In subgroup analysis of false negative cases with Ct value
< 20 (n = 33), the likely explanation was noted in 22 cases
as demonstrated in tables 2 & 3. Firstly, the nasopharyngeal
swab sample seemed to be not properly obtained in 20
cases: 10 consecutives negative RAT cases over 198 tested

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES 1ssn: m

nasopharyngeal swabs on 18 July and 10 consecutives
negative RAT cases over 250 tested nasopharyngeal swabs
on 21 July because of staff physical exhaustion and work
overload during peak of third wave in our hospital. Highest
RAT false positive cases were noted on 18 July (15 cases) and
21]July (14 cases) when there was very high work load. Similar
consecutive discrepancy between two results did not occur
consecutively in the remaining days in July which were less
crowded. The staffs/operators had to take average 300-600
nasopharyngeal swab sample per day at least for RT-PCR in
July 2021; moreover, they performed RAT too.

Secondly, in another10 false negative cases with Ct value
less than 20, the clinical presentation was hypoxia, late in the
course of disease. Moreover, the patients on oxygen therapy
either nasal canular or mask were found to be less co-
operative during nasopharyngeal swab procedure. Thirdly,
anosmia was the only presenting symptom in two cases in
this category and their clinical course may be late. Finally,
clear explanation was not found in remaining 11 cases.

DISCUSSION

This study aimed to assess the diagnostic accuracy of
Roche RAT in diagnosing SARS-CoV- 2 infection in both
fever clinic (emergency department) and out-patient
department of No. (1) Defence Services General Hospital
(1000-bedded) in third wave in Myanmar. Among the 932
patients/healthy subjects included, 578 had symptoms and
354 did not experience symptoms.

The clinical performance data by manufacturer Roche
was 90% clinical sensitivity and 99% clinical specificity
[8]. However, in this study the overall sensitivity of the

40

35

30

CT values
9

209

400
O389
© 380

T
RDT negative

Figure 2 Relation between RAT value/results and Ct value (n = 932).

T
FDT positive

RDT +/-
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Table 2: RAT results and RT-PCR Ct value category (n = 425).
RT-PCR Ct value category

Strongly positive Moderately positive Weakly positive Very weakly positive
<20 21-25 26-30 > 30 (31-40)
RAT Positive 120 62 35 10
RAT Negative 33 44 75 46
total 153 106 110 56

Table 3: Reasons for RAT false negativity in cases with RT-PCR Ct < 20 (n = 33).

Possible human error, the samples weren’t

Consecutive negative RAT over 33 tests on

Staff exhaustion/ work overload

properly obtained 18 July (False positive cases 15)
Anosmia as presentation 2 Clinical course may be more than 5 days
. Consecutive negative RAT over 33 tests on Staff exhaustion/ work overload
Possible human error 5 o

21 July (False positive cases 14)

Hypoxia as presenting symptom 10 Clinical course may be more than 7 days Common RAT negativity
No obvious reason 11
Total 33

Roche RAT was 51.9%, lower than manufacturer’s data
and other studies [2,3]. The same sensitivity results with
different brand of RAT were recorded in Pakistan [4] and
French [11]; therefore, not all available SARS-CoV-2 RAT
had a sensitivity of = 80 - 90%. Therefore, they suggested
a confirmatory RT-PCR test in cases with negative RAT.
The explanations on variation in sensitivity of RAT were
interesting: (1) viral load [7,12-14]; (2) unsufficient amount
of viral protein in nasopharyngeal swab [15]; (3) presence
or absence of symptom [7,14,16]; (4) symptom onset days
(sample collection timing in relation to symptoms) [5,7,14];
(5) skills of the operator in taking nasopharyngeal swab and
doing RAT [15,17]; (6) quality of storage of nasopharyngeal
swab sample particularly viral transport media; (7) handling
of swab [18]; (8) cross contamination; (9) cross reaction with
drugs and chemicals; (10) hook effect; (11) viral mutation;
(12) reader error [6,19]; and, (13) effect of work overload
on physical performance of health care workers during
epidemic [20-22].

According to [5], the sensitivity of RAT was better with
symptomatic patients who were at the early stages of the
disease course. One of the review paper on RAT advised that
RAT should be prospective, and the interpretation should
include symptoms and timing-symptom onset days [16]. In
this study, the sensitivity of the RAT was relatively higher
in patients with any symptom (57.07%); it was lower in
asymptomatic individuals (33%). It confirmed the fact
that the performance of RAT was better with symptomatic
patients [5,7]. In view of timing-symptom onset days, the
sensitivity of RAT was 58% in early symptom onset days
group (less than 7 days) and 55% in late symptom onset
days group (more than 7 days); specificity was 53% and 63%
respectively in this study. The average incubation period for
COVID-19 is 5-6 days although it can be up to 14 days; the
patients experienced symptom following incubation period
- usually on day 5. Researchers estimated that people became

infectious 2-3 days before they developed symptoms. The
relationship between SARS-CoV-2 viral load and infectivity
remains a matter of open debate; and, patients with low Ct
value have high viral load and are very infectious. Though
previous report explained that the sensitivity of RAT was
high in those with symptoms particularly in early symptom
onset group [7,14,16], this study did not show significant
difference with timing-symptom onset days.

Concerning the skills of operators and technical factors,
proper training of staffs/operator training was done prior to
this study both for nasopharyngeal swab taking procedure
and RAT tests. As emphasized by Pollock, et al. [17], inter-
operator agreement was observed and corrected. During the
study period, both nasopharyngeal swabs taking procedure
and RAT tests were done under supervision of on-call
physicians and the investigators.

Nevertheless, the reports on accuracy of RAT rarely
mentioned possible impact of physical exhaustion of
health care workers/operators especially during peak days
of epidemics; both physical and mental effect [20-22]. It
would be more pronounced if there were shortage of health
care workers/operators. In this study, 10 consecutives
false negative cases over 198 tested nasopharyngeal swabs
on 18 July, and the same number of cases over 250 tested
nasopharyngeal swabs on 21 July were possibly due to
physical exhaustion of staffs/operators and work overload
(handling large volume) during peak of third wave in our
hospital. There was no such consecutive discrepancy between
two results, RAT and RT-PCR, occurring consecutively in the
remaining 29 days in July which were less crowded; average
RAT tests per day was 150. A skilled laboratorian can perform
and read 20 RAT tests per hour [17]; however, in this study,
the operator had to take nasopharyngeal swab 300-600/
day for both RAT and RT-PCR, and RAT procedure too.
Therefore, some form of support should be given to staffs
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like provision of more man power to reduce overload; thus,
false negative cases [23,24].

Variation in nasopharyngeal sampling was an
explanation for one of false negative results as greater
variation in Ct values in nasopharyngeal swab specimens was
noted in two specimens: collected from inpatients by health
care workers and their own specimens taken by their selves
[15]. In addition, because RAT was qualitative, the followings
weakness would change results of RAT: insufficient sample
if the contact time to nasopharyngeal wall was very short;
and, variation in waiting time to see test line on the kit-
less than 10 minutes or more than 30 minutes. Osmanodja,
et al. [18] mentioned discrepancy of RAT results owing to
variation in skills; difference in self taken swab at home and
professional worker taken swab [19]. In addition, accuracy
of RAT results also depended on the physical fitness of
the operator. It was again supported by two events where
the RAT results of first operator in A&E department were
negative; and, the same brand of RAT was repeated as clinical
impression was too strong for COVID-19 in the COVID-19
quarantine ward, only 30 minutes apart, revealed positive.
Their results of RT-PCR were positive and their Ct value was
18. Therefore, a confirmatory RT-PCR test was mandatory if
RAT were negative particularly in clinically suspicious cases.
Furthermore, Khandker, et al. [25] suggested to repeat RAT
to reduce false negative rate. Moreover, researchers from
Italy suggested that RAT might be used in association with
clinical signs of patients to reduce the number of RT-PCR
testing [7]. Thus, it confirmed the Belgium study; it pointed
out that RAT could spare RT-PCR which should be reserved
molecular resources for more seriously ill patients [26].

The WHO recommended a minimum of 80% sensitivity
and 97% specificity for antigen-detecting rapid diagnostic
testing- RAT. In reality, especially in peak epidemics,
adequate human resources in addition to thorough training
could lead to higher accuracy of RAT; avoiding both
faulty technique in operating the assay, and collecting
the nasopharyngeal swab. Furthermore, clinical skills of
the physicians must be sharp; repeating the RAT only 30
minutes apart could confirm the diagnosis and saved the
life as explained above in this study. Even in RT-PCR test,
we could not rely 100% on its accuracy [27]. Thus, a negative
RAT result did not rule out the presence of SARS-CoV-2
infection, and he should be treated with great caution,
especially in asymptomatic individuals [28].

Another important cause of false-negative test results
was due to viral mutation; we had suspicious cases of delta
strain in third wave because the patients presented with
possible delta symptoms: running nose, sneezing, headache
and sore throat. The analysis of variant strain from false
negative sample will be done in the near future. During third
wave of epidemic in Myanmar, the people were commonly
using over the counter medication: cough syrup, analgesics,
antihistamine, antibiotics, vitamins and anti-oxidants
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which might impair the results of RAT. Apart from possible
exogenous substances, endogenous molecules could clog
the membrane at the cassettes’ conjugate pad in high
concentrations. Certain ‘sandwich’ LFIAs gave rise to false-
negative results when samples were saturated with antigen:
the so-called Hook effect [29].

The sensitivity of the SARS-CoV-2 Roche RAT in
diagnosing SARS-CoV-2 infections in this study was inferior
to that of RT-PCR pointing out the need for RT-PCR. It
was confirmed by Uganda study where field evaluation of
RAT exhibited less than optimal performance; therefore,
their opinion was “RAT would be used in places where the
access to molecular testing was poor but RT-PCR was still
required” [30].

Viral load is inversely related with Ct value. Progressive
decline in performance was observed as Cycle Threshold (CT)
values of different SARS-CoV-2 gene targets increased. In
this study, as predicted, the diagnostic sensitivity was highly
dependent on viral load; it ranged 78% in samples with Ct <
20, but then decreased to 17% in those with higher Ct values.
Thus, the clinical performance data by manufacturer Roche
RAT clinical sensitivity was much higher than this study;
89.6 % at Ct < 30, and 93.1 % at Ct < 27. Kriittgen, et al. [13]
reported that the sensitivity was 95% or higher in samples
with Ct < 30, but then decreased to 45% and 22% in those
with Ct between 30-35 and > 35, respectively. In meta-
analysis on RAT by Lee, et al. [14], sensitivity increased
with low Ct value. In present study the sensitivity increased
to 78% in the case of a high viral load; thus, supporting
previous reports [7,12]. In short, the results of our study thus
certify that the clinical performance of Roche SARS-CoV-2
RAT was good in nasopharyngeal swabs with Ct values < 20,
which made it a reliable screening test in patients with high
viral load [6]. Less sensitive lateral flow or RAT required a
higher viral load to record a positive result, only identify
people during their most infectious period.

In this study, the presentation of false negative cases
with Ct value less than 20 was asymptomatic hypoxia (n
= 10); probably late in the course of disease. It confirmed
the fact that RAT was negative in late course of disease
[6]. Moreover, the patients on oxygen therapy either nasal
canular or mask were found to be less co-operative during
nasopharyngeal swab procedure; this logistic point was
important in emergency setting, and, it also highlighted the
need for either repeating RAT or RT-PCR for confirmation
of diagnosis. Anosmia was the only presenting symptom in
two cases in this category and their clinical course was late
[31], supporting the previous facts; performance of RAT
was affected by the dynamics of SARS-CoV-2 viral load in
early pre-symptomatic and later stages of viral shedding
[28]. According to [32], anosmia symptom was usually late;
5 days after onset of other symptoms. Gopaul, et al. [33]
suggested to consider clinical and radiological features in
interpretation of RAT results especially in negative cases.
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Review paper on RAT advised that studies on RAT should
be prospective and interpretation should include symptoms
and timing-symptom onset days [16]. In one review report,
RAT testing in the first week from symptom onset resulted
in substantially higher sensitivity [6]. Thus, antigen tests
were recommended for individuals with symptoms during
the first 5 to 7 days of infection; RAT done in very early phase
and one week after symptom onset would give negative
results.

The number of false-positives was 120 in this study.
Several possible reasons were errors in RAT test operation,
detection of inactive or residual SARS-CoV-2 at low
density in clinical specimens, cross-contamination and
cross-reactions with other substances in clinical samples:
endogenous (eg. blood) or exogenous (e.g. nasal spray ions,
or chemicals that affect the pH of the test cassette). RAT
positivity did not exclude other infection, or co-infection
with coronaviruses other than SARS-CoV-2, as many test
kits were designed to detect highly conserved proteins.
Highly sensitive tests may detect inactive virus, or virus at
low density in clinical specimens. LFIAs may be susceptible
to temperature fluctuations, humidity, and positioning of
the cassette during the testing procedure.

The current recommendations from the World Health
Organization (WHO) concerning the minimum antigen-
detection performance are these kits having the diagnostic a
sensitivity and specificity of = 80% and = 97%, respectively
and a few reports showed that RAT met WHO criteria [34].
In this study, the Roche SARS-CoV-2 RAT had nearly 80%
sensitivity in in specimens with Ct values < 20 and 74%
specificity; not completely match the WHO desired clinical
performance. In hospital setting, clinical impression of
the physicians would compensate the weakness of RAT to
get early diagnosis and treatment. In public health setting,
contact tracing, screening of healthy carriers and early
diagnosis of clusters would be useful. RAT was so far quick
screening and detection of COVID-19 cases among high-
risk groups and in high-congregate environments (such
as prisons and long-term care facilities), it was the best
logistic tests at present especially in developing country like
Myanmar. Therefore, rapid tests provided opportunities for
early detection and isolation; the results must be integrated
into wider strategies to control transmission (holistic public
health approach) [35].

In this study, the specificity was 74.1% whereas it was
nearly 100% in results of manufacturer Roche [8]. The use
of RAT in public health intervention was mainly to control
transmission: early detection of cases, contact tracing,
population-wide testing. It was also helpful to safeguard
health care workers by early case detection and isolation.
In addition, RAT could identify clusters or outbreaks in
specific settings: training center, camps, monasteries
and jails. Highly specific RAT were useful for screening in
high incidence settings. In this study area, a large training
hospital- tertiary center, screening with RAT could not delay
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urgent procedures- coronary artery stenting, CABG, urgent
hemodialysis and emergency surgery.

There were several limitations in this study. Firstly, the
accuracy Roche RAT' was lower than the value of manufacturer
and other findings owing to differences in prevalence and
patient population. Secondly, shortage of health care worker
during peak of epidemic caused low physical performance
skills, leading to errors in RAT results. Thirdly, analytical
reactivity (sensitivity) to RAT with variants of SARS-CoV-2
should be tested. Fourthly, RAT positivity did not exclude
other infection, or co-infection with coronaviruses other
than SARS-CoV-2. Fifthly, work over load of health care
worker was difficult to solved being developing country.
Finally, hook effect should be considered in false negative
cases and follow up was necessary.

CONCLUSION

Theaccuracy of the SARS-CoV-2Roche RAT indiagnosing
SARS-CoV-2 infections was neither the same as nor superior
to both RT-PCR and manufacturer’s data. The sensitivity
was fairly good in those cases with low Cycle threshold
values of less than 20. Clinical opinion of physicians on call
was paramount important especially in interpretation of
RAT test results. Those with late symptoms like anosmia and
some cases with dyspnoea where the RAT results were likely
to be false negative, the use of RAT should be reappraised.
Awareness of human errors on RAT should not be ignored if
the operator has volume overload particularly in the peak of
epidemics.

RECOMMENDATION

The clinician should not use RAT in patients presenting
with late symptoms to avoid false negative results. For
preparation of fourth wave in the future, human resources
should be increased to avoid physical exhaustion of health
care workers; minimizing the human errors.
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