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Abstract 
Background: Quantitative PCR (qPCR) can be used to detect and quantify a 
load of a pathogen. It is a good indicator of the degree of transmissibility. 
While performing routine qPCR, we observed an unusually short cycle thre-
shold (Ct) value of SARS-CoV-2 for a clinical specimen obtained in Bamako, 
Mali. This prompted us to sequence the short-cycle SARS-CoV-2 sample to 
identify potential mutations in the Spike gene (S gene) gene. Methods: 
Post-infection, Quantitative Reverse Transcription (qRT-PCR) was per-
formed over a defined time course to estimate the Ct of the SARS-CoV-2 spe-
cimen collected from the patient. Sanger sequencing was done on the entire 
fragment of the S gene to identify mutations. Findings: Sanger sequencing 
revealed mutations in the lineage of interest, designated B.1.525 by Pango, 
and also known as “Eta” using the nomenclature defined by WHO. This va-
riant was originally found in Nigeria and Italy. The four novel mutations 
identified in Eta (D228N, Y451N, I1172M, and C1250F) were otherwise ob-
served with a low frequency worldwide. Although the initial Ct was 10 in the 
case study patient, he did not exhibit severe symptoms of SARS-CoV-2, for 
example, pneumonia. However, we observed a longer viral clearance period 
than usual, of 3 weeks. We note that as compared to SARS-CoV-2 samples 
obtained during the first peaks of SARS-CoV-2 infection in Mali, when the 
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infection was at its peak in March 2020 (Ct = 30.4), circulating strains eva-
luated at the time the Eta sample was obtained demonstrated a lower mean Ct 
(Ct = 24). Conclusions: The short cycle threshold associated with this variant, 
and the temporal association with a decrease in the mean Ct in the region of 
Bamako, may indicate higher levels of transmissibility due to a circulating va-
riant. This variant is a lineage of interest designated B.1.525 by Pango or Eta 
by WHO. 
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1. Introduction 

The new SARS-CoV-2 coronavirus disease (COVID-19) outbreak initiated a 
global health emergency on January 30, 2020. Since then, the virus has evolved 
and a range of mutants have been identified globally [1] [2]. Currently, the delta 
(originated from India) [3] and omicron (discovered in South Africa) [4] va-
riants have largely replaced other SARS-CoV-2 viruses. However, a number of 
other variants have been described in England and Brazil that contain N501Y 
mutation and 69 - 70 deletions [1] [5]. These specific mutations have been ob-
served to be associated with higher viral load and transmissibility in clinical stu-
dies [6] [7]. In addition, the mutations may pose a diagnostic challenge and 
could potentially adversely affect the effectiveness of immunization programs 
and health preventive measures.  

Mali registered four peaks (waves) of infection from March 2020 to May 2021 
after the SARS-CoV-2 was introduced (on March 25, 2020). The first, second, 
and third waves were observed from March 2020 to July 2020, November 2020 
to January 2021, and February 2021 and May 2021, respectively, each with a 
strong peak. The fourth wave of COVID-19 occurred from December 2021 to 
February 2022 (http://covid19-ml.org/, May 30, 2021). As was observed in many 
other countries, the fourth peak was driven by the omicron variant that was dis-
covered in South Africa in November 2021 [4]. 

The spread of COVID-19 can be prevented by identifying and isolating in-
fected people. In this context, real-time Reverse Transcription Polymerase Chain 
Reaction (RT-PCR) is helpful as it can help detect the presence of SARS-CoV-2 
in the clinical samples and quantify the viral load at the time of measurement. 
The standard measure used for viral load is the cycle threshold (Ct) value. The 
Ct value is the PCR cycle number at which the generated fluorescence crosses a 
fluorescence signal threshold at which a detectable amount of target nucleic ma-
terial has been generated during the amplification process. The lower the num-
ber of PCR cycles that are required to cross the threshold, the greater the total 
amount of nucleic material that is present in the sample, indicating a greater 
burden of infection. Thus, lower threshold (Ct) values reflect higher viral loads 
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and higher threshold (Ct) values indicate lower viral loads.  
The relation between the spread of the SARS-CoV-2 variant and the third 

COVID-19 peak has been a concern in Mali. In this report, we have described a 
potential association of mutations in the S gene of SARS-CoV-2 with high viral 
load and prolonged recovery time in a COVID-19 patient who was apparently 
infected in Bamako, as he did not have any history of travel outside Mali. 

2. Materials and Methods 
2.1. Patient and Nasopharyngeal Swab Samples 

The patient (ID ZH0001256X) is a 68-year-old male who was examined at the 
National COVID-19 Care Center (Hôpital du Mali) on April 16, 2021, after re-
porting persistent cough and muscle pains, during the third wave of 
SARS-CoV-2 in Mali. The Laboratoire de Biologie Moléculaire Appliquée at the 
University of Science, Techniques and Technologies of Bamako received five 
sequential nasopharyngeal specimens collected from the patient for qRT-PCR 
analysis (Figure 1). 

2.2. Clinical Follow-Up  

The patient was followed for 20 days. Following the diagnosis of COVID-19, the 
patient underwent clinical examination and specimens for qRT-PCR were ob-
tained on day 0, day 8, day 10, day 13, day 16, and day 19. In addition, computa-
tional tomography of the chest (CCT) was conducted on days 8, 16, and 19 
post-COVID-19 diagnoses (Figure 1). 

2.3. Quantitative Reverse Transcription-PCR (qRT-PCR)  

RNA was extracted from nasopharyngeal specimens using QIAamp Viral RNA 
Mini Kit (Qiagen, Germany). Next, 10 µl of the extracted RNA samples were 
mixed with 15 µl of the 2019-nCoV-PCR Master Mix (Sansure Biotech Inc, Chi-
na). The viral RNA amplification program was performed using the Step-one 
plus™ Real-Time PCR System, using the ORF1ab (FAM) and N-gene (ROX) as 
gene targets: 50˚C for 30 min; 95˚C for 1 min, 1 cycle; and 95˚C for 15 sec, 60˚C 
for 31 sec, 45 cycles [8]. 
 

 
Figure 1. Timelines of the case from day of treatment initiation to complete cure. 
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2.4. Sequencing of Specimen  

Prior to initiation of treatment, Sanger sequencing was performed using the 
CEQ™ 8000 Genetic Analysis System (Beckman Coulter) from the nasopharyn-
geal specimen. First, qRT-PCR was performed in two steps. Eight microliters of 
the extracted RNA were converted to cDNA using the OneTaq® RT-PCR Kit 
(New England Biolabs® Inc) and seven pairs of primers covering the entire do-
main of the S gene were used for amplification [8]. Following amplification, the 
RT-PCR products were purified and re-amplified using the GenomeLab DTCS 
Quick Start Kit (Beckman Coulter, USA) as per the manufacturer’s instructions. 
Finally, cycle sequencing products were purified by ethanol precipitation and 
then separated using a CEQ™ 8000 Genetic Analyzer Sequencer. 

2.5. RT-PCR and Sequencing Data  

Positive PCR samples normally have S-shaped amplification curves with ORF1ab 
(FAM) or N-gene (ROX) and Ct ≤ 40. The StepOne Plus™ (Applied Biosystem) 
was used to perform real-time PCR. The obtained sequences were aligned and 
analyzed using Geneious Prime 2021. 1 software for mutation research. The se-
quence was submitted to GenBank under the accession number MZ798310. The 
phylogenetic tree was constructed using the MEGA 6 software [9] and the Clus-
tal W algorithm for alignment [10]. The tree was annotated and modified in 
iTOL [11]. 

2.6. Data Analysis  

Comparative analysis was done with 724 and 83 specimens of SARS-CoV-2 ob-
tained during the first and third peaks of COVID-19 infection, respectively. The 
mean Ct values during the first wave (March 2020 to July 2020) and the third 
wave (February 2021 to May 2021) of SARS-CoV-2 were estimated based on the 
samples and the two-sample t-test used for the comparison. 

3. Results 
3.1. Clinical Presentation of the Patient 

The patient (ID ZH0001256X) was examined in National COVID-19 Care Cen-
ter (Hôpital du Mali) on April 16, 2021, owing to complaints of cough and mus-
cle pains. At the time of admission, the patient, a 68-year-old male individual, 
had been taking 75 mg of aspirin (once a day for several years) as home medica-
tion and had a tobacco history dating back several years. His condition was sta-
ble and febrile with a body temperature of 38˚C and normal blood pressure and 
pulse rates (130/70 mm Hg and 80/min, respectively) with respiratory frequency 
of 16 cycles per min. The qRT-PCR analysis revealed SARS-CoV-2 infection. 
The CCT scan was normal. The CCT scan showed inflammation of the bronchus 
with the absence of diffuse bilateral patches of ground-glass opacities during 
the follow-up. The patient received treatment according to the national proto-
col for COVID-19 therapy in Mali [12] and was followed up for three weeks 
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(Figure 1). 

3.2. CCT during the Clinical Follow-Up  

After initiation of the treatment protocol the patient underwent CCT scan on 
April 24, 2021. The CCT scan showed minor diffuse bilateral patches of 
ground-glass opacities, which were associated with severe cough, exacerbated 
muscle pains, and asthenia. A follow-up CCT scan three days later revealed a 
normal radiology profile (Figure not available) and the patient’s oxygen satura-
tion was >95%. 

3.3. qRT-PCR  

The Laboratoire de Biologie Moléculaire Appliquée at the University of Science, 
Techniques and Technologies of Bamako received five nasopharyngeal speci-
mens collected from the patient for the RT-PCR analysis during the third wave 
of SARS-CoV-2 in Mali (Figure 1). The first nasopharyngeal specimen collected 
on April 16, 2021, before the commencement of the treatment tested positive 
with a cycle threshold (Ct) of 10 over 40 cycles (Figure 2(a)). The second spe-
cimen was collected on April 24, 2021, a week after the initiation of the treat-
ment. The test remained positive with a Ct of 22 (Figure 2(b)). To monitor the 
progression of disease, three additional nasopharyngeal specimens were tested 
until negative results were obtained. 

3.4. Sequencing of Specimen Collected before  
Treatment Commencement 

Sanger sequencing approach was performed using the CEQ XL 8000 (Beckman  
 

 
Figure 2. (a) qRT-PCR amplification profile of the specimen of SARS-CoV-2 collected on April 16, 2021. 
The Orf1 gene marker (confirmatory marker) appears at cycle 10 out of 44, while the N gene (screening 
marker) at the cycle 14 out of 44. (b) qRT-PCR amplification profile of the specimen of SARS-CoV-2 col-
lected on April 24, 2021. The Orf1 gene marker (confirmatory marker) appears at cycle 26 out of 44, while 
the N gene (screening marker) at the cycle 28 out of 44. 
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Coulter) from the first nasopharyngeal specimen that was obtained before the 
initiation of the treatment. Seven primers covering the entire domain of the S 
gene were used to examine a 3822 bp long fragment [8]. Using the Geneious 
Prime 2021.1 software, the obtained sequence was aligned with the Wuhan 
strain (Accession number: S – 43740568) as sequence reference (Figure 3). The 
alignment approach revealed the presence of the following amino acid substitu-
tions and deletions in the target sequence:  

Substitutions: 52 (Q- > R), 67 (A- > V), 451 (Y- > N), 484 (E- > K), 614 (D- > 
G), 677 (Q- > H), 733 (K- > Q), 888 (F- > L), 1172 (I- > M), and 1250 (C- > F)  

Deletions: 68 (del), 69 (del), 70 (del), and 144 (del).  
No changes were observed at amino acid position 501, which is an unusual 

finding for this strain of SARS-CoV-2. 
 

 
Figure 3. Phylogenetic tree of the Malian strain. 
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3.5. Relationship between Mutations on S Gene and the Viral Load  
(Mean Ct)  

To determine whether the amino acid substitutions Q52R, A67V, Y451N, E484K, 
D614G, Q677H, F888L, I1172M, and C1250F and deletions at the positions 68, 
69, 70, 144, and 833 were associated with changes to the overall viral load, the 
mean Ct values were compared to the Ct values of samples of other strains that 
had been circulating in Mali. The mean Ct values during the first wave of 
SARS-CoV-2 (March 2020 to July 2020) and the third wave (February 2021 to 
May 2021) were estimated for comparison using the two-sample t-test. We hy-
pothesized that there could be a significant difference in terms of viral load be-
tween the two peaks if wild SARS-CoV-2 strains were associated with the first 
peak, while the new variant and other strains would be associated with the third 
peak. 

The data showed that the mean Ct value of patients from the third wave of the 
infection (24.6 ± 5.8) was significantly lower than the mean Ct-value from the 
first peak (30.4 ± 5.5) (p-value < 0.00001). The mean difference between Wave 1 
and Wave 3 is about six cycles (Table 1). To confirm this finding, the Ct value 
obtained from the specimen with mutated S gene was compared with the esti-
mated mean Ct value from the first peak of the infection. The data showed that 
the patient Ct value (10) was significantly lower than the estimated mean Ct 
value of the first peak (30.4 ± 5.5) (p-value < 0.00001). 

A computational analysis was performed to determine if the variant had dif-
ferent T cell epitopes from the originator strain of SARS-CoV-2 (Wuhan 2019) 
that could explain a more rapid reproductive rate (due to the absence of immune 
pressure [13]. The iVAX toolkit developed by EpiVax [14] was used to compare 
the potential immunogenicity of the sequence to the Wuhan.  

(NC_045512.2:21563-25384) strain. The results are summarized in Table 2 
below. The variant sequence had a slightly higher predicted immunogenicity 
[14] (EpiMatrix Score) than the reference spike sequence. The difference in to-
lerogenic potential (JanusMatrix Human Homology Score) was also negligible. 
These differences are minimal and do not explain the high viral load observed in  
 
Table 1. Relation between Ct and waves of SARS-CoV-2 infection in Mali. 

Peak (Period) 
Number of    

patients 
Mean  

Ct 
Std.  
Dev. 

95%  
confidence  

interval 
P-value 

Wave One  
(March 2020-July 2020) 

724 30.4 5.5 29.9 - 30.8 
<0.00001 

Patient (April 2021) 1 10 - - 

Wave One  
(March 2020-July 2020) 

724 30.4 5.5 29.9 - 30.8 

<0.00001 
Wave Three  

(Feb. 2021-May 2021) 
83 24.6 5.8 23.3 - 25.9 
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Table 2. Predicted immunogenicity of the Malian variant sequence using the EpiMatrix 
score. 

Sequence 
9-mers  

analyzed 
EpiMatrix  

Hits 
EpiMatrix  

Score 

Spike reference 1035 568 11.96 

Mali Spike 
(GenBank id: MZ798310) 

1033 575 13.44 

 
the patient. In addition, more than 90% of class II predicted T cell epitopes in 
the novel sequence match the T cell epitopes identified in representative se-
quences of alpha, beta, delta, and gamma variants and the reference sequence. 
Memory T cells induced by prior exposure to these strains of SARS-CoV-2 or to 
any of the available COVID-19 vaccines would be able to respond to 90% of the 
putative class II T cell epitopes identified in novel variant from Mali. 

4. Discussion 

Several viral lineages are circulating in the world and at least four variants were 
tagged as variants of concern (VoC) [15] [16]. The variant observed in this study 
displayed six non-synonymous mutations (Q52R, A67V, E484K, D614G, 
Q677H, and F888L) as well as two in-frame deletions at positions 69 - 70, which 
are similar to those found in the variant of interest (VOI) belonging to the li-
neage B.1.525 or variant eta identified in Central Italy and Nigeria [17]. Howev-
er, we also observed four novel mutations, which are Y451N, D228, I1172M, and 
C1250F. These mutations are rarely observed. In contrast, D614G (aspartic acid 
to glycine amino acid substitution), which is observed across several countries, 
was also observed in our sequence. This mutation is well established in several 
variants identified across various countries, including Alpha (B.1.1.7), Beta 
(B.1351), Gamma (P.1), Delta (B.1617.2) and Omicron (B.1.5.529). All these va-
riants have displayed higher transmissibility, which suggests that D614G substi-
tution is associated with higher transmissibility of the virus residing in our spe-
cimen as well [17]-[25]. Mutations such as the 69 - 70 del (deletion of six bases 
coding for histidine and valine at positions 60 and 70, respectively, in the S 
gene), observed previously in both Alpha and omicron variants [19] [26] were 
also present in our viral sequence. In addition, E484K mutation observed in Beta 
and Gamma variants [17] [19] has been found to be present with the N501Y 
mutation. In contrast, the N501Y was absent in our sequence, though it carried 
the E484K mutation. 

Q677H is located close to the furin cleavage site at the S1-S2 junction [27]. 
This substitution has the potential to affect the dynamics of the Spike cleavage, 
which is a necessary step required for cell entry [28] [29] [30] [31]. This muta-
tion was first detected at the beginning of the epidemic and is now found across 
164 countries (GISAID, March 16, 2022). The higher transmissibility of our va-
riant may also be attributed to the role of Q677H in the cell entry process [27] 
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[30]. We also observed F888L to be present in our sequence as well as in the mu-
tants belonging to the lineage B.1.525. This mutation was detected for the first time 
in the USA 2 years ago (hCoV-19/USA/MD-HP27792-PIDVEQVXMT/2020; 
GISAID, March 16, 2022) and continued to spread with a recent appearance in 
Denmark (hCoV-19/Denmark/DCGC- 412780/2022; GISAID, March 16, 2022). 

We found eight common mutations in our specimen sequence as compared to 
SARS-CoV-2 lineage B.1.525 and Eta Variant according to WHO [32]. This 
finding indicates that the four novel mutations along our S gene sequence, that 
is, D228N, Y451N, I1172M, and C1250F, could be the result of a distancing evo-
lutionary process (Figure 3). The D228N emerged in England 2 years ago 
(GISAID, March 16, 2022), while Y451N is a rare mutation first identified in our 
sequence in April 2021 before its appearance in Turkey  
(hCoV-19/Turkey/HSGM-E1255/2021) in August 2021. This mutant sequence 
was submitted in GenBank (Accession number: MZ798310). Until now, this 
mutation has been found only in 11 countries (GISAID, March 16, 2022). 

I1172M and C1250F are in the C-terminus region of the S gene upstream of the 
junction S1-S2. It is noteworthy that they have been detected in 9 and 77 countries, 
respectively, but they do not occur in the lineage B.1.525 or Eta variant. The two 
mutations were found in the C-terminus domain of the S gene and downstream of 
L1114R and are believed to be associated with the CoV tropisms [33] [34]. The 
presence of these mutations in our variant, along with the mutations D228 and 
Y451, support the notion that the SARS-CoV-2 genome is highly flexible. 

Of all reported sequences between January 1, 2021, and February 14, 2021, in 
Nigeria, the authors observed that 68% of the sequences belonged to the B.1.1.7 
lineage while 17% belonged to the B.1.525 lineage.  

No T cell epitope changes were identified that could justify a determination of 
“immune escape” or “immune camouflage” as the reason for the higher viral 
load, as determined by PCR Ct [35].  

Our variant was associated with a significantly lower Ct value (equal to 10) 
and longer viral clearance duration of 3 weeks with a p-value < 0.00001 (Table 1 
and Figure 1). Ong et al. (2021) observed a median duration for delta variant 
and wild type variant as 18 and 13 days, respectively [36]. Upon analyzing a total 
of 724 SARS-CoV-2-positive nasopharyngeal samples, we observed a higher 
mean Ct value (Ct = 30.4) during the first peak of infection driven by the wild 
type compared to the mean Ct value during the third peak during which our va-
riant was identified (Ct = 24). The low Ct values observed in our variant were 
consistent with those of the beta and alpha variants [37]. 

5. Conclusions 

Our findings suggested that a strain that is very similar to the Eta variant was 
present in Mali during the third wave of SARS-CoV-2 infection and this strain is 
associated with a low Ct value which can be a good indicator of transmissibility. 
The individual identified in this case study recovered quickly but demonstrated a 
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persistently high viral load.  
It is worth noting that access to COVID-19 testing is not widespread in Mali. 

Thus numerous cases of COVID-19 may have gone undetected during the pan-
demic [38]. A serosurvey of healthcare personnel performed in 2021 indicated 
that up to 70% of providers were positive for SARS-CoV-2 spike antibodies by 
June 2021 and that the rate of infection was lower among personnel treating 
COVID-19 patients. The infection rate among healthcare workers suggests that 
SARS-CoV-2 may have been more widespread than reported in the Malian pop-
ulation. This was confirmed in a rural study that demonstrated up to 45% sero-
positivity in community members over the age of 60 in the same time period 
[39]. Viral strains such as the one reported here, which have the capacity for 
rapid reproductive rates, may have contributed to the wide dissemination of the 
SARS-CoV-2 virus in the population.  
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