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ARTICLE INFO ABSTRACT

Keywords: Objectives: This study aimed to determine the SARS-CoV-2 variants in the first four COVID-19 waves using

SARS-CoV-2 polymerase chain reaction (PCR)-based variant detection in Addis Ababa, Ethiopia.

Wh?le genome sequence Methods: A cross-sectional study was conducted using repository nasopharyngeal samples stored at the Ethiopian

Variants Public Health Institute COVID-19 testing laboratory. Stored positive samples were randomly selected from the

Ct value . . .

Ethiopia first four waves based on their sample collection date. A total of 641 nasopharyngeal samples were selected
and re-tested for SARS-CoV-2. RNA was extracted using nucleic acid purification instrument. Then, SARS-CoV-2
detection was carried out using 10 ul RNA and 20 ul reverse transcription-PCR fluorescent mix. Cycle threshold
values <38 were considered positive.

Results: A total of 374 samples qualified for B.1.617 Lineage and six spike gene mutation variant typing kits. The
variant typing kits identified 267 (71.4%) from the total qualifying samples. Alpha, Beta, Delta, and Omicron
were dominantly identified variants from waves I, II, III, and IV, respectively. From the total identified positive
study samples, 243 of 267 (91%) of variants identified from samples had cycle threshold values <30.
Conclusions: The study data demonstrated that reverse transcription-PCR-based variant typing can provide ad-
ditional screening opportunities where sequencing opportunity is inaccessible. The assays could be implemented
in laboratories performing SARS-CoV-2 molecular testing.

Introduction As of May 18, 2023, Ethiopia had experienced five successive COVID-

SARS-CoV-2 is a single-stranded positive RNA that possesses 30,000
genomes. Mainly, its genome encodes the spike (S), envelope, membrane
protein, nucleoprotein of a structural protein, and 16 nonstructural pro-
teins. SARS-CoV-2, similar to other RNA viruses prone to genetic change,
is a mutation that originates from erroneous replication during genetic
recombination [1]. Variants develop through S gene mutation, either by
substitutions, deletions, insertions, or single-nucleotide changes in the
genome.

In the mid-2020s, Alpha, the first variant of concern, was reported
in the United Kingdom [2]. Subsequently, different variants have been
identified in different parts of the world, some being considered variants
of concern (VOCs) and variants of interest (VOIs) given their impact on
public health [2,3].
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19 epidemic waves. The first wave was observed during World Health
Organization (WHO) epidemic weeks 32-36 of 2020. The second wave
followed a few months in WHO epidemic weeks 9-17 of 2021 [4]. The
third wave was observed during epidemic week 33-39 of 2021, the
fourth wave was in WHO epidemic week 46 of 2021 to week 3 of 2022,
and the last wave was in WHO epidemic week 20-28 of 2022 (Supple-
ment 4).

Next-generation sequencing (NGS) is the recommended reference
method for identifying SARS-CoV-2 variants on a global scale. However,
it is high-tech and cost-limited in its availability, making it unrealistic
for the timely detection of variants in a public health response. More-
over, it requires a relatively technical expertise and a longer data pro-
cessing time. Accordingly, it is difficult to implement NGS in diagnostic
laboratories, especially in resource-poor countries. Therefore, alterna-
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tive screening methods are desirable for early detection and monitoring
of the spread of specific variants [1,2].

To improve the timely detection of variants, WHO recommends all
countries perform genomic sequences for at least 1% of their positive
cases [2,3]. As of June 8, 2023, more than 15.7 million SARS-CoV-2 se-
quences were deposited in the Global Initiative on Sharing All Influenza
Data and publicly shared. From this, Ethiopia has sequenced a very small
number of variants from each wave (https://gisaid.org/). As a result, the
variants that caused the four national COVID-19 waves were not well
identified.

Thus, this study aimed to identify the variants responsible for the
first four national COVID-19 waves, determine the distribution of S mu-
tations across the four VOCs, and measure the level of variant-typing
polymerase chain reaction (PCR) detection with respect to diagnostic
reverse transcription (RT)-PCR cycle threshold (Ct) values.

Material and methods
Ethical considerations

The study protocol was reviewed and approved by the Addis Ababa
University College of Health Sciences, Medical Laboratory Sciences de-
partmental research and review committee (Ref. No. MLS/143/22).

Study design and setting

A cross-sectional study was conducted from August to October 2022
at the Ethiopian Public Health Institute’s Parasitology COVID-19 test-
ing laboratory [5]. Samples were primarily referred from different sub-
cities of Addis Ababa for COVID-19 suspected cases as part of commu-
nity screening and patient follow-up. After diagnostic testing, all SARS-
CoV-2-positive and 10% of SARS-CoV-2-negative samples were stored
at —80°C in the national biobank of the Ethiopia Public Health Institute.

The samples collected from the repository were sorted based on the
sample collection date and assigned to specific wave groups. Diagnostic
RT-PCR was performed to determine the positive status of the study
samples before they were arranged for variant typing by PCR. Ct values
<38 defined a positive result. For variant characterization, two variant-
typing PCRs (Delta SARS-CoV-2 and six S gene mutant detections) assays
were used simultaneously. The number of mutant genes and the type of
mutant gene determined the type of variant. The variant-typing PCR
positivity was assessed with respect to the diagnostic RT-PCR Ct value.
As part of the quality control, we did sub-sampled NGS for Delta variant
assay in which all of them were positive for the Delta variant by Oxford
Nanopore Technology.

Study samples have been selected by simple random sampling, rep-
resented by the four waves. Based on the available qualified specimens,
641 study samples were selected, which correspond to and encompass
the first four epidemic waves. From the first wave, a total of 138 samples
were selected, whereas 191 study samples were selected from the sec-
ond wave. In the third and fourth waves, 232 and 80 total study samples
were selected for RT-PCR testing, respectively (Table 1).

Table 1
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RNA extraction

All selected nasopharyngeal (NP) samples were extracted on a
Bioer NPA-32P instrument (Bior Technology, Zhejiang, China), a high-
throughput automated workstation. MagaBio Plus RNA Purification Kit
II (Bior Technology, Zhejiang, China) was used for the extraction. All
processes were undertaken per the manufacturer’s instructions. The 96-
well plates were prepared and 300 uL of brief vortex NP specimens were
added to columns #1 and #7 for each well. Then, the plate was placed
into the instrument, which agitates the plates every 10 seconds for 9
minutes until the extraction is finished. Finally, the 70 L RNA extract
was stored at —80°C for further testing.

RT-PCR detection

A fluorescent RT-PCR (BGI China) commercial kit was used for SARS-
CoV-2 detection. The kit targets the ORFlab gene. Briefly, 10 ul of RNA
was added to the respective well containing 20 ul of master mix solu-
tion. The amplification reaction was performed in the QuantStudio5 DX
real-time PCR system (catalog number A34322, Thermal Fisher Scien-
tific). The cycle conditions were 50°C for 20 minutes and one cycle, 95°C
for 10 minutes and one cycle, then 95°C for 15 seconds and 60°C for 30
seconds for 40 cycles. All procedures were performed based on the man-
ufacturer’s instructions. A Ct <38 is considered positive for SARS-CoV-2
and ready for variant typing by RT-PCR. After the detection of the SARS-
CoV-2 in the tested samples, we determined the variants using Delta
SARS-CoV-2 variant detection and the six S gene mutant detection.

Delta SARS-CoV-2 variant identification

Briefly, 10 uL of RNA was added to a 20 uL reaction
mixture (BGI PathoGenesis Pharmaceutical Technology Co., Ltd,
https://www.bgi.com/us/sars-cov-2-variant-detection/). The kit com-
prised positive and negative controls; reaction mixes A and B con-
tain sequence-specific primers and fluorescent probes which target the
L452R and E484Q genes. Testing was carried out in the following con-
ditions: 50°C for 10 minutes, followed by 1 minute at 95°C, 45 cycles of
95°C for 5 seconds, and 58°C for 15 seconds on the QuantStudio5 ther-
mocycler (Thermo Fisher Scientific, Waltham, MA, USA). The presence
or absence of mutant genes is determined by the Ct allele. The ACt allele
calculated the difference between the Ct allele and the Ct ORFlab. When
the difference in the Ct allele equals or is less than six, it is positive for
a particular mutant target gene [6].

The six S gene mutant detections

A total of 10 uL of RNA was added to the reaction mixture
of 20 uL (BGI PathoGenesis Pharmaceutical Technology Co., Ltd,
https://www.bgi.com/us/sars-cov-2-variant-detection/). The kit com-
prises positive and blank controls; the reaction mix A contains primers
and probes for ORFlab amplification and internal reference targets
N501Y and K417N. Reaction mix B also contains primers and probes
for amplification of the A570D, HV69-70del, K417T, and E484K genes.
The assay was carried out at 50°C for 10 minutes, followed by 95°C

Sample selection and distribution across the four waves, Ethiopia Public Health Institute, 2023.

Wave designation World Health Organization weeks Total number of samples selected from respective wave RT-PCR negative RT-PCR positive
Wave-1 32 to 36 of 2020 138 68 70

Wave-2 9 to 17 of 2021 191 143 48

Wave-3 33 to 39 of 2021 232 56 176

Wave-4 46 of 2021 to 3 of 2022 80 0 80

Total 641 267 374

RT-PCR, reverse transcription-polymerase chain reaction.
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for 1 minute, 45 cycles of 95°C for 5 seconds, and 58°C for 15 seconds
(supplement 1).

Criteria for SARS-CoV-2 variant definition

The presence of one or more mutant genes indicates a presumptive
positive result. Therefore, each assay should be interpreted with cau-
tion and with consideration of circulating variants. Accordingly, the
L542R was reported for Delta. The detection of N501Y, A570D, and
HV69/70del indicated presumptive Alpha. Similarly, the presence of
one or more of the K417N, E484K, and N501Y mutations indicated Beta
presumptive positivity. HV69/70del, K417N, and/or N501Y indicated
Omicron, whereas E484Q and L452R reported Kappa. K417T and/or
E484K indicated Gamma and was assumed to be positive [6,7].

Statistical analysis

For a continuous variable, descriptive statistics were used. STATA
statistical software (STATA version 16 StataCorp LLC., College Station,
TX, USA) was used to compute the Ct values, relative frequency, and
percentage. Variables with a categorical nature are shown as percent-
ages.

Results
Socio-demographic characteristics and sample distribution

A total of 641 study samples were enrolled for RT-PCR testing. Of
these, 374 were SARS-CoV-2—positive. All confirmed positive samples
were screened for six S gene and Delta gene variant-typing RT-PCRs.
Of the 374 PCR-positive study samples, 267 (71.3%) were positive for
variant-typing RT-PCR, whereas the remaining 107 samples revealed
negative results. Demographically, males were accounted for 57% of the
total tested samples. The majority age group of the study participants
was between 25 and 65 years (199 of 374, 74.5%) (Table 2).

The distribution of variants across the four waves based on the WHO
classification

According to our study data, the Alpha variant was detected in waves
I, II, and III in decreasing proportions and finally became undetectable
in wave IV (Supplement 2). However, the Alpha variant was dominant
in the first wave, with a prevalence of 15 of 30 (50%) and was detected
along with other variants. Similarly, the Beta variant was detected in
waves I-III but not in wave IV. The variant was dominant in the second
wave, with a prevalence of 20 of 28 (71.4%).

In the third wave, the Delta was the dominant variant, with a fre-
quency of 121 of 135 (89.6%) and a slight detection of other VOCs and
VOIs. Delta has been detected since wave III and continued until the

Table 2
Socio-demographic characteristics of the study participants
across the four waves, Ethiopia Public Health Institute, 2023.

Characteristics Number Percent
Sex
Female 113 42.3
Male 154 57.7
Age group
5-14 years 4 1.5
15-24 years 42 15.8
25-65 years 199 74.5
>65 years 22 8.27
Residence
Addis Ababa 185 69.29
Outside Addis Ababa 82 30.71
Total 267 100
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next wave. Omicron was the major variant during the fourth wave, with
a frequency of 66 of 74 (89.1%). The Alpha and Beta variants were not
detected during the Omicron period. The Kappa and Gamma variants
were found at low frequencies. The Gamma variant was detected across
all four waves, with a range of 2.9% to 10%. The Kappa variant was
found with proportions of one (0.7%) and two (2.7%) in the third and
fourth waves, respectively. As Figure 1 indicates, the Gamma variant
was detected across all low-frequency waves.

The Figure 2 demonstrates the distribution of variants across the re-
gions and Addis Ababa. The Omicron variant was not reported in Ad-
dis Ababa because samples were not collected from this site. Of the 267
RT-PCR-genotyped samples, 370 mutant genes were detected. The most
prevalent mutant genes were L452R, 125 of 370 (34%), K417N, 93 of
370 (25%), HV67-70del, 67 of 370 (18%), N501Y, 38 of 370 (10%),
K417T, 20 of 370 (5%), A570D, 15 of 370 (4%), and E484K, 8 of 369
(2%). The least frequent mutant gene was E484Q, with a frequency of
3 of 370 (1%) (supplement 3).

Diagnostic RT-PCR Ct value vs variant-typing RT-PCR positivity

Our study showed Ct differences in the identified variants. A lower
median Ct value was observed for Delta 20.1 (interquartile range 17.9-
23) and Omicron 20.2 (interquartile range 18.2-22.3) variants, respec-
tively. In contrast, higher Ct values were observed in the variants Alpha
and Beta, 27.8 (22.8-34.4) and 27.6 (23.3-31) respectively, in a consec-
utive manner.

Variant identification was related to the low Ct of diagnostic PCR and
likely determines the performance of RT-based variant detection. We
categorized the study samples based on initial RT-PCR (BGI) Ct values
as follows: <30, between 30 and 35, and >35.

The comparison of Ct values of the study sample is most related with
RNA viral concentration in the NP samples (high, medium, and low viral
loads). A significant difference was observed between group Ct values
<30 and the remaining two groups’ Ct values. The present study re-
vealed that variants were identified in 243 of 267 (91%) of the study
samples that have Cts <30, and in 16 of 267 (5.9%) of samples, the Ct
value was between 30 and 35, assuming a moderate viral load. Eight
(3%) of the variants detected had a Ct value >35. However, RT-PCR as-
says are mostly similar to NGS platforms that require a sample Ct value
of <30.

When we see the comparative performance of the two variant detec-
tion assays, the six S gene mutant detection assay becomes more sen-
sitive as the Ct values of the samples increase or the viral concentra-
tion of the samples decrease compared with the Delta screening assay
(Figure 3).

Discussion

In our study, we used two variant-typing RT-PCR methods to
detect relevant mutations and characterize the variants from con-
firmed repository-positive samples collected across different regions of
Ethiopia. Our findings shed light on the genomic landscape of SARS-
CoV-2 variants during the country’s initial four consecutive COVID-19
epidemic waves.

Our study aligns with global observations, confirming that the Al-
pha, Beta, Delta, and Omicron variants were responsible for driving
Ethiopia’s first four waves of COVID-19 outbreaks. The finding is consis-
tent with global SARS-CoV-2 variant reports and agrees with the study
of Sisay et al. [8]. These variants have been closely monitored world-
wide because of their potential impact on transmission dynamics and
disease severity.

Besides the dominant variants, we also observed other variants with
lower frequencies across all four waves. Our findings attributed the
country’s first SARS-CoV-2 wave to the Alpha variant. The variant was
first identified in the United Kingdom in September 2020 and is respon-
sible for increased infections in different parts of England. By the second
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Figure 1. Distribution of variants among the four waves

[E— (N = 267, samples identified by variant-typing reverse
90% transcription-polymerase chain reaction.
80%
70%
§ 60%
= 50%
51
= 40%
30%
20%
s —
55 — r
Wave 1 Wave 2 Wave 3 Wave 4
Types of variants vs Waves
m Alpha mBeta ®mDelta mGamma #®Kappa #Omicron
- : Figure 2. Distribution of SARS Co-V-2 variants
Region vs. Variant o
o across the four waves (n = 267), Ethiopia Pub-
Variant lic Health Institute, 2023.
Wave_1 Wave 2 Wave 3 Wave 4
I Alpha
Il Beta
SNNP B Delta
Il Gamma
Kappa
Omicron
Cromia
Bgumz
=
J
o
&
Amhara
Afar|
AddISAbabal I . I -
£ 5 EE%EfngEE&EfagEE%EfagEE%E
o E m .Y o E o .2 o E w3 a E m .2
< G s @ % g < s % g < S o E
2 [S) o o] < (S e o
Variant

quarter of 2021, the Alpha variant had accounted for most infections in
the United States and many European countries [9]. The country’s sec-
ond wave was led by the Beta variant. This VOC was first detected in
South Africa in December 2020. Between October 2020 and January
2021, South Africa’s daily case report increased significantly from 2000
to more than 20,000 cases per day. This increment estimates that >30%
of the population has already been infected. The receptor-binding do-
main (RBD) mutations K417N, E484K, and N501Y are associated with
the Beta variant [10].

The findings of this study showed that the third wave of COVID-19
was mostly caused by the Delta variant. This variant was first identified
in India in early 2021 and is highly contagious. It quickly spread to
about 54 countries and rapidly replaced the Alpha variant in the United
Kingdom and the United States. The Delta and Kappa variants share a
common ancestor and have a mutation in the RBD; however, the Kappa
variant has a different RBD mutation. According to our study, the fourth
wave in the country was fueled by the Omicron variant. In the global
arena, the first case of Omicron was confirmed in South Africa/Botswana
in November 2021 [9].

The Gamma variant is also one of the significant VOCs among the
identified variants of SARS -CoV-2. It was first identified in Brazil in
early January 2021. This variant was responsible for the second wave
in Brazil, which has a high infection rate and related mortality. The
variant was transmitted from Brazil worldwide. The Kappa variant was
also one of the VOIs identified in India. It was responsible for the second
wave in India in April 2021. Of the mutations, L452R has a most notable
mutation; E484K was also observed in a small frequency [11].

Several SARS-CoV-2 VOCs and VOIs share numerous key muta-
tions. These mutations mostly existed in the S gene and RBD regions.
The S protein enables attachment of the virus to the host cell surface
angiotensin-converting enzyme 2 (ACE2) receptor, allowing SARS-CoV-
2 entry into host cells [11]. The results of this study revealed the pres-
ence of key mutations in the regions of L452R, K417N, HV67-70del,
K417T, E484K, N501Y, E484Q, and A570D, with varying frequencies.
These key S mutations have an important impact on public health and
allow variant characterization [9,10]. Of the identified mutations, 30 of
them have been approved for investigation of VOC/VOI since the Alpha
spike gene target failure has been recognized. L452R is the most predom-
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inant S mutation observed in our study samples, with a frequency of 125
of 370 mutant genes. This mutation is associated with increased infec-
tivity, higher transmission, and a reduction in neutralization by specific
therapeutic antibodies. K417N is the second most predominant key mu-
tation, with 93 of 370 (25%) present in the Beta variant as K417N and
in the Gamma variant as K417T. K417N/T rarely occurs in the absence
of other receptor-binding motif mutations, possibly because K417 muta-
tions appear to reduce ACE2 binding and facilitate immune escape. The
HV67-70del observation was 67 of 370; the deletion increases the bind-
ing affinity of the RBD of ACE2 and is also associated with S gene target
failure in Alpha and Omicron. N501Y existed in 38 of 370. N501Y is
commonly present in the Alpha, Beta, and Gamma VOCs and increases
ACE2 affinity and virus replication in cells in the upper airway [12].
E484K was also detected, which is recognized by a high polyclonal an-
tibody, developing within people infected with SARS-CoV-2. E484K is
present in the Beta and Gamma VOCs and in the VOIs. E484K has been
reported within several Alpha variant sub-lineages. The E484K muta-
tion found within the RBD is a major target of neutralizing antibodies
elicited during the primary exposure to the SARS-CoV-2 virus. In ad-
dition to the aforementioned key mutations, A570D and E484Q were
observed in the study with lesser frequency.

Here, the Delta variant type by RT-PCR distinguished the presence
of the L452R mutation in SARS-CoV-2—positive samples. The Delta PCR
detected 81 of 83 (97.5%) from the NGS-confirmed Delta sample via the
L452R probe. This variation could result from the number of study sam-
ples used (n = 28) and the target gene difference; our study kit targets
the L452R gene for Delta identification. In addition, the difference may
have resulted from a lower diagnostic RT-PCR Ct linked to a high viral
load [12].

The SARS-CoV-2 qualitative RT-PCR test is sufficient for making a
diagnosis. However, the Ct values may play a crucial role in predict-
ing the accuracy of variant identification through RT-PCR. A low Ct of
the diagnostic PCR is likely to determine the performance of RT-based
variant detection. According to a recent study, 91% of positive samples
(243 of 267) resulted in Ct values <30. The remaining 5.9% (16 of 267)
of samples had a Ct between 30 and 35. Research conducted in South
Africa has shown that it is difficult to genotype samples with high Ct val-
ues exceeding 35 using variant-typing RT-PCR. This outcome is different
from the initial expectation [13].
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Figure 3. Variant-typing RT-PCR result distri-
bution against Diagnostic RT-PCR Ct value cat-
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Notably, 107 samples have tested negative with two variants of
RT-PCR but positive with diagnostic RT-PCR. This negative outcome
could be because of a high diagnostic PCR Ct value, a wild-type
virus sample, or a mutation that cannot be detected by the tests used
[12,13].

Our study finding showed that for the Delta and Omicron variants
of the PCR target ORF1lab, the median Ct values were 20, whereas the
Alpha and Beta variants were 27 cycles, which is significantly higher
than the earlier two variants. Our finding contrasts with other studies,
which could be owing to the possibly old samples recovered from the
repository and the sample collection method [14].

PCR-based surveillance is an effective method of monitoring SARS-
CoV-2. Although NGS offers a comprehensive variant detection, PCR-
based surveillance is more cost-effective, scalable, and accurate. How-
ever, there are limitations to PCR-based surveillance, such as limited
target coverage, difficulties in identifying variants across thousands of
regions with single-base resolution, and being cumbersome for multiple
targets [15]. RT-PCR genotyping is a useful tool when whole genome se-
quence (WGS) is unavailable or too expensive. It provides rapid results
for patient management. In a recent study, RT-PCR results were 100%
concordant with WGS for the Omicron and Delta variants in a blinded
panel [16].

Our study data also showed that VOCs and VOIs were identified
across the studied waves. According to the WHO classification, the Al-
pha, Beta, Gamma, Delta, and Omicron variants were identified; sim-
ilarly, among VOIs, the Kappa variant was detected at a smaller fre-
quency. Our finding is certainly concurrent with that of Sisay et al
[8].

It has been revealed that the limited capacity for WGS SARS-CoV-
2 sequencing is hindering its scalability. Our study indicates that there
are trends in variants of concern (VOCs) that are similar to those seen in
other parts of the world. It has been observed that relying solely on WGS
would overrepresent VOCs with highly correlated viral load concentra-
tion of the samples. Therefore, real-time RT-PCR genotyping is being
considered as a practical solution for identifying SARS-CoV-2 variants.
It has become pivotal to track SARS-CoV-2 variants to ensure a rapid
public health response because the finding of this study is in concor-
dance with other similar studies [16-20].
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Using this finding can aid in our understanding of viral evolution
and guide public health responses with shorter turnaround times for
point-of-care testing.

Our esteemed reader should consider this while inferring because
our study used a sub-sampling WGS and the diagnostic variant-typing
RT-PCR-negative samples’ final status was not confirmed by WGS.

Conclusion

In conclusion, variant-typing RT-PCRs are a highly promising
method for identifying and tracking variants in resource-limited set-
tings. It is important to note that the six S gene mutant detection assay
is significantly more sensitive than the Delta screening assay, especially
as the Ct values of the samples increase or the viral concentration of
the samples decreases. Furthermore, the L452R mutation can be used as
a marker to identify the Delta variant from identified S mutations. We
strongly advise conducting a large-scale study with WGS before imple-
menting these diagnostics in clinical management.
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