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Summary
Background  One year after the coronavirus disease 2019 (COVID-19) pandemic, the focus of attention has shifted 
to the emergence and spread of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) variants of concern 
(VOCs). The aim of the study was to assess the frequency of VOCs in patients followed for COVID-19 at Kinshasa 
university hospital (KUH) during the 3rd and 4th waves of the pandemic in Kinshasa. Hospital mortality was compared 
to that of the first two waves.

Method  The present study included all patients in whom the diagnosis of SARS-CoV-2 infection was confirmed by 
the polymerase chain reaction (PCR). The laboratory team sequenced a subset of all SARS-CoV-2 positive samples with 
high viral loads define as Ct < 25 to ensure the chances to generate complete genome sequence. RNA extraction was 
performed using the Viral RNA Mini Kit (Qiagen). Depending on the platform, we used the iVar bioinformatics or artic 
environments to generate consensus genomes from the raw sequencing output in FASTQ format.

Results  During the study period, the original strain of the virus was no longer circulating. The Delta VOC was 
predominant from June (92%) until November 2021 (3rd wave). The Omicron VOC, which appeared in December 
2021, became largely predominant one month later (96%) corresponding the 4th wave. In-hospital mortality 
associated with COVID-19 fell during the 2nd wave (7% vs. 21% 1st wave), had risen during the 3rd (16%) wave before 
falling again during the 4th wave (7%) (p < 0.001).

Conclusion  The Delta (during the 3rd wave) and Omicron VOCs (during the 4th wave) were very predominant 
among patients followed for Covid-19 in our hospital. Contrary to data in the general population, hospital mortality 
associated with severe and critical forms of COVID-19 had increased during the 3rd wave of the pandemic in Kinshasa.
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Background
The majority of viruses are characterized by mutations or 
deletions introduced into their genetic code. For a virus 
like the severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2), the emergence of variants over time is 
therefore an expected phenomenon. Some changes do 
not impact the properties of the virus, however other 
changes can affect the virus’s properties, such as how 
easily it spreads, the disease severity, the performance 
of vaccines, the effectiveness of the drugs used, and the 
laboratory diagnostic tools [1, 2]. During late 2020, the 
emergence of variants that posed an increased risk to 
global public health prompted the characterization of 
specific Variants of Interest (VOIs) and Variants of Con-
cern (VOCs), in order to prioritize global monitoring and 
research, and ultimately to inform the ongoing response 
to the coronavirus disease 2019 (COVID-19) pandemic 
[3, 4].

Among the VOCs, the SARS-CoV-2 B.1.1.7 (alpha), 
B.1.351 (Beta), B.1.617.2 (Delta) and B.1.1.529 (Omicron) 
had generated much debate during the COVID-19 pan-
demic around the world [3–5]. While in Europe, America 
and many countries of Asia, laboratories were able to 
identify the VOCs and VOIs during different waves of the 
pandemic, in sub-Saharan Africa (SSA), due to a lack of 
adequate resources in laboratories, these data were not 
available in most hospitals [6].

In the Democratic Republic of the Congo (DRC), the 
national laboratory had reported cases of VOCs, but 
analyzes were not carried out on a large scale; thus, their 
extent in the epidemiology of the disease is not clearly 
established. Taking advantage of the equipment obtained 
in our hospital (Viral RNA Extract Me Kit®, QiAmp Mini 
RNA® and a Mic RT-PCR®), the main objective of the 
present study was to determine the frequency of SARS-
CoV-2 VOCs among patients diagnosed with COVID-19 
during the 3rd and 4th waves in our hospital (from June 
2021 to January 2022). The secondary objective was to 
compare hospital mortality associated to COVID-19 
during this period versus the two previous waves of the 
pandemic.

Method
The study was conducted from June 2021 to January 2022 
at the Kinshasa University Hospital (KUH) and included 
2254 patients in whom the diagnosis of SARS-CoV-2 
infection was confirmed by the real-time polymerase 
chain reaction (RT-PCR). We assessed clinical and bio-
logical parameters of interest : age and sex of patient, 
clinical stage of COVID-19 according to the World 
Health Organization (WHO) classification [7], the result 
of the SARS-CoV-2 sequencing by specifying the type 
of variant and the outcome of the patient (deceased or 
not). During the study period, asymptomatic patients and 

those with mild or moderate symptoms (1411 patients) 
were followed on an outpatient basis, while patients with 
severe or critical forms of the disease were hospitalized 
(843 patients).

Sample collection and laboratory diagnosis
Nasopharyngeal swab samples were placed in the univer-
sal transport medium (UTM). Detection of SARS-CoV-2 
RNA was done using the GeneXpert SARS-CoV-2 test 
(Cepheid®).

SARS-CoV-2 positive samples with high viral loads 
(cycle threshold = Ct ≤ 25 for at least on of the 2 targets) 
were selected to maximize the chances of whole genome 
sequencing of the virus. The RNA extraction was per-
formed using the Viral RNA Extract Me Kit® or QiAmp 
Mini RNA (Qiagen). Since the sequencing analyzes were 
deferred, a Mic RT-PCR® was performed to assess RNA 
degradation by measuring the viral load and make the 
sample eligible for sequencing.

Two platforms were used for sequencing:
 	• Illumina with Nextera DNA Flex protocol (amplicon 

sequencing), Miseq as sequencer and data analysis 
with Ivar;

 	• Nanopore with Artic-Gunit (amplicon sequencing) 
and Midnight Rapidbarcoding protocols, MinION or 
GridION as sequencer and analysis data on the Artic 
pipeline.

Consensus genomes greater than 70% were submitted in 
Pangolin software and those below 70% on Pango-Usher 
in order to identify mutations and assign the lineage. A 
Negative template control was included in each run to 
ensure the quality of sequencing. Sequences with cover-
age equal or greater than 80% were publicly shared and 
deposited to an international Global Initiative on Sharing 
Avian Influenza Data (GISAID) platform.

Time period of the COVID-19 pandemic waves (Ministry of 
Public Health, Hygiene and Prevention, DR Congo)
The wave in a pandemic is defined as a period with 
the rising of the number of cases before starting to 
decrease in the number of cases during the period of the 
pandemic.

 	• First wave of the COVID-19 pandemic in DR Congo: 
week 11, year 2020 - week 37, year 2020.

 	•  s wave: week 44, year 2020 - week 10, year 2021.
 	• Third wave: week 21, year 2021-week 35, year 2021.
 	• Fourth wave: week 48, year 2021-week 2, year 2022.

Statistics
All data were analyzed using SPSS for Windows version 
21.00 and the OPEN EPI. We used Chi-square tests and 
the ANOVA test to compare, respectively, the distribu-
tion of categorical variables and the means between the 
groups. P < 0.05 was considered statistically significant.
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Ethical considerations
Samples were collected during the COVID-19 pandemic 
response activities in Kinshasa. The data were collected 
anonymously and confidentially. The privacy and person-
alities of patients have been preserved according to the 
Helsinki Declaration.

Results
From the start of the pandemic until January 2022, 9930 
samples had been analyzed in our laboratory for symp-
toms of patients suggestive of COVID-19. RT-PCR 
results confirmed the SARS-CoV-2 in 2254 patients 
(22.7%). The respective shares were: 401 (17.8%) for the 
1st wave; 835 (37.1%) for the 2nd wave; 508 (22.5%) for 
the 3rd wave and 510 (22.6%) for the 4th wave (p < 0.001).

The Table  1 shows that the higher proportion of 
infected men compared to women tended to decrease 
during the 3rd and 4th wave (66% and 65% of male 
patients during the first two waves vs. 59% and 55% dur-
ing the 3rd and 4th waves, p < 0.001). The proportion 
of hospitalized patients was higher during the 1st wave 

(53%) followed by the 3rd wave (49%) vs. 23% during 
the 2nd and 34% during the 4th wave, p < 0.001. During 
the 3rd and 4th wave, hospitalized patients were older 
than during the first two waves (respective average age 
of 52 ± 18 years and 58 ± 15 years vs. 61 ± 17 years and 
63 ± 17 years, p < 0.001).

The number of hospitalized patients and the percent-
age of deaths corresponding to the total patients tested 
positive (hospitalized and non-hospitalized patients) 
were: 215 and 21% for the 1st wave, 196 and 7% for the 
2nd wave, 254 and 16% for the 3rd wave and 178 and 7% 
for the 4th wave (p < 0.001) (Fig. 1). Among the non-hos-
pitalized patients, no case of death had been reported.

Our laboratory became able to search for VOCs from 
the 3rd and 4th wave of the pandemic in Kinshasa. Of the 
269 samples received for sequencing, only 133 were pro-
duced with good coverage (greater than 50%). The other 
samples with low coverages did not generate sequences. 
The distribution of VOCs is described in Table 2; Fig. 2.

Table 2; Fig. 2 show that the original strain from Wuhan 
in China was not found in the samples analyzed. The 
Delta VOC was mainly represented during the 3rd wave 
versus the Omicron during the 4th wave. The B.1.640 
VOI was very present between the two periods.

Discussion
The present study conducted in a hospital setting during 
the 3rd and 4 waves of the COVID-19 pandemic in Kin-
shasa showed a predominance of the Delta VOC, quickly 
supplanted by the Omicron. The original strain of the 

Table 1  General data on the COVID-19 pandemic in our hospital 
according to the waves

1st 
vave

2nd 
wave

3rd 
wave

4th 
wave

p

Infected men, % 66 65 59 55 < 0.001

Hospitalizations, % 53 23 49 34 < 0.001

Age*, mean ± SD 52 ± 18 58 ± 15 61 ± 17 63 ± 17 < 0.001
* Hospitalized patients

Fig. 1  Number of cases according to the waves of COVID-19 pandemic
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virus was practically no longer circulating. The period 
corresponding to the outbreak of the Delta VOC is 
characterized by a trend towards an increase in hospital 
mortality, which is nevertheless lower than the hospital 
mortality reported at the start of the pandemic.

The fact of finding the two VOCs respectively dur-
ing the 3rd and 4th waves corroborates WHO and our 
national laboratory (INRB) data which had reported their 
presence in the DR Congo [8, 9]. What is surprising all 
the same are the very high proportions (Delta VOC 92% 
in June 2021 and Omicron VOC 96% in January 2022) as 
well as the absence of a transition period where we could 
have the cohabitation of two VOCs in equal proportions. 
Indeed, epidemiological reports from other countries, 
particularly in Europe and America, reveal that replace-
ments of one majority VOC by another have taken place 
over longer periods with periods of cohabitation [10, 
11]. In France, for example, despite the outbreak of the 

Omicron VOC, the Delta VOC had continued to circu-
late for a long time; in December 2021, the Delta VOC 
still represented half of the contaminations while the 
Omicron VOC was already on French territory [11]. Two 
factors can influence variant success: intrinsic transmis-
sibility and immune escape [12]. The advantage of one 
VOC over another may depend on the immune context 
of the population, which varies over time (waves, vac-
cination campaign, immune decline) [12, 13]. Our data 
show that the B.1.640 VOI seems to have made the tran-
sition between the Delta VOC and the emergence of 
Omicron VOs. The fact that vaccination coverage was 
very low in the DR Congo at the time of the study may 
explain a more rapid expansion of each VOC.

National-level statistics report that COVID-19 lethality 
has declined with each wave [14]. However, our hospi-
tal data indicate that during the 3rd wave (correspond-
ing to the emergence of the Delta VOC), mortality had 

Table 2  Frequency of the SARS-CoV-2 variants during the 3rd and 4th waves of the pandemic
Year Month Sequenced samples VOCs / VOIs

B.1.525 B.1.351 B.1.617.2 B.1.640 BA.1 Others Total
2021 June 61 1 2 51 0 0 1 55

July 29 1 1 23 0 0 2 27

November 5 0 0 3 2 0 0 5

December 32 0 0 1 11 9 0 21

2022 January 142 0 0 1 1 23 0 25

Total 269 2 3 79 14 32 3 133

Fig. 2  Proportion of SARS-CoV-2 variants during the 3rd and 4th waves of the COVID-19 pandemic
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increased. It was only in the 4th wave that hospital mor-
tality fell again. Obviously, it is difficult to interpret this 
result. During the 3rd wave in Kinshasa, many hospitals 
had started taking care of COVID-19 patients. In gen-
eral, these hospitals referred only more serious cases to 
our university hospital. We know that several studies 
around the world have reported greater virulence of the 
Delta than the Omicron VOC, however other reports 
have shown the opposite results [14–17]. A less virulent 
variant can cause several deaths in absolute value, espe-
cially if it affects a larger number of people. Apart from 
the fact that hospitalized patients have severe forms of 
the disease, the higher hospital mortality reported in this 
study compared to statistics for the whole country is also 
explained by the average age which is higher compared to 
that non-hospitalized patients [14].

Despite its monocentric feature and the small sample 
size which represent a limit, our study was able to show 
a great dynamic of SARS-CoV-2 with very different 
VOCs in the space of a few months. Thanks to genomic 
sequencing, the authorities have been informed of the 
circulation of VOCs of COVID-19 in our hospital. More 
resources are needed to have information for the whole 
country and thus contribute to better monitoring of the 
pandemic.

Table 1 reinforces the interest in knowing the extent of 
virus mutations during a pandemic. Indeed, during dif-
ferent waves, variabilities were observed in terms of the 
number of patients screened, their average age and the 
propensity to be hospitalized. Figure  1 also shows that 
hospital mortality was different depending on the waves 
of the pandemic although it must be admitted that mor-
tality is influenced by several other factors.

Conclusion
The Delta (during the 3rd wave) and Omicron VOCs 
(during the 4th wave) were very predominant among 
patients followed for Covid-19 in our hospital. Contrary 
to data in the general population, hospital mortality 
associated with severe and critical forms of COVID-19 
had increased during the third wave of the pandemic in 
Kinshasa.

Acknowledgements
The authors thank the staff of the COVID-19 treatment center at the KUH, the 
laboratory of the National Biomedical Research Institute (INRB) as well as the 
staff of the research laboratory of the parasitology department of the KUH.

Author contributions
MJR and WDR conceived the idea, designed and supervised the study, had 
full access to all data and took responsibility for the integrity of the data. AAA, 
WDR and MP did the sequencing of the genomes of the virus. MJR analyzed 
data and wrote the first version of the article. All co-authors reviewed and 
approved the final version.

Funding
The biomolecular laboratory of the KUH department of parasitology was 
funded by the DR Congo ministry of research. The funds received from the 
CREPPAT laboratories made it possible to carry out the sequencing analyzes.

Data availability and materials
The dataset supporting the conclusion of this article are available.

Declarations

Ethics approval and consent to participate
Samples were collected during the COVID-19 pandemic response activities 
in Kinshasa. The data were collected anonymously and confidentially. The 
privacy and personalities of patients have been preserved according to the 
Helsinki Declaration.

Consent for publication
Not applicable.

Competing interests
The authors declare that the research was conducted in the absence of any 
commercial or financial relationships that could be considered as a potential 
conflict of interest.

Received: 4 December 2022 / Accepted: 19 March 2023

References
1.	 Zeyaullah M, AlShahrani AM, Muzammil K, Ahmad I, Alam S, Khan WH, et al. 

COVID-19 and SARS-CoV-2 variants: current Challenges and Health concern. 
Front Genet. 2021;12:693916. https://doi.org/10.3389/fgene.2021.693916

2.	 Singh D, Yi SV. On the origin and evolution of SARS-CoV-2. Exp Mol Med. 
2021;53:537–47. https://doi.org/10.1038/s12276-021-00604-z

3.	 Saxena SK, Kumar S, Ansari S, Paweska JT, Maurya VK, Tripathi AK, et al. 
Characterization of the novel SARS-CoV-2 Omicron (B.1.1.529) variant of 
concern and its global perspective. J Med Virol. 2022;94(4):1738–44. https://
doi.org/10.1002/jmv.27524

4.	 Lino A, Cardoso MA, Martins-Lopes P, Gonçalves HMR. Omicron – the new 
SARS‐CoV‐2 challenge? Rev Med Virol. 2022;32(4):e2358. https://doi.
org/10.1002/rmv.2358

5.	 World Health Organization. Tracking SARS-CoV-2 variants. https://www.who.
int/en/activities/tracking-SARS-CoV-2-variants

6.	 Bright B, Babalola CP, Sam-Agudu NA, Onyeaghala AA, Olatunji A, Aduh U, et 
al. COVID-19 preparedness: capacity to manufacture vaccines, therapeutics 
and diagnostics in sub-saharan Africa. Global Health. 2021;17:24. https://doi.
org/10.1186/s12992-021-00668-6

7.	 World Health Organization (WHO). Clinical management of COVID-19. 
WHO/2019-nCoV/clinical/2020.5.

8.	 The Independent. Africa faces fourth wave of COVID-19 due to Omicron vari-
ant: WHO. 2021. https://www.independent.co.ug/africa-faces-fourth-wave-
of-covid-19-due-to-omicron. Variant-who/. Accessed 24 Mar 2022.

9.	 World Health Organization. COVID-19 Public Health Emergency of Interna-
tional Concern (PHEIC) Global research and innovation forum. WHO. 2020. 
https://www.who.int/publications/m/item/covid-19-public-health-emer-
gency-of-international-concern-(pheic)-global-research-and-innovation-
forum. Accessed 24 Mar 2022.

10.	 AstraZeneca. The natural evolution of SARS-CoV-2: how science responds to 
these challenges. https://www.astrazeneca.com/what-science-can-do/top-
ics/diseaseunderstanding/the-natural-evolution-of-sars-cov-2.html

11.	 Auvigne V, Vaux S, Le Strat Y, Schaeffer J, Fournier L, Tamandjou C, et al. Severe 
hospital events following symptomatic infection with SARS-CoV-2 Omicron 
and Delta variants in France, December 2021–January 2022: a retrospective, 
population-based, matched cohort study. Clin Med. 2022;48:101455. https://
doi.org/10.1016/j.eclinm.2022.101455

12.	 Grubaugh ND, Cobey S. Of variants and vaccines. Cell. 2021;184(26):6222–3. 
https://doi.org/10.1016/j.cell.2021.11.013

13.	 Ramesh S, Govindarajulu M, Parise RS, Neel L, Shankar T, Patel S, et al. 
Emerging SARS-CoV-2 variants: a review of its mutations, its implications 

http://dx.doi.org/10.3389/fgene.2021.693916
http://dx.doi.org/10.1038/s12276-021-00604-z
http://dx.doi.org/10.1002/jmv.27524
http://dx.doi.org/10.1002/jmv.27524
http://dx.doi.org/10.1002/rmv.2358
http://dx.doi.org/10.1002/rmv.2358
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants
http://dx.doi.org/10.1186/s12992-021-00668-6
http://dx.doi.org/10.1186/s12992-021-00668-6
https://www.independent.co.ug/africa-faces-fourth-wave-of-covid-19-due-to-omicron
https://www.independent.co.ug/africa-faces-fourth-wave-of-covid-19-due-to-omicron
https://www.who.int/publications/m/item/covid-19-public-health-emergency-of-international-concern-(pheic)-global-research-and-innovation-forum
https://www.who.int/publications/m/item/covid-19-public-health-emergency-of-international-concern-(pheic)-global-research-and-innovation-forum
https://www.who.int/publications/m/item/covid-19-public-health-emergency-of-international-concern-(pheic)-global-research-and-innovation-forum
https://www.astrazeneca.com/what-science-can-do/topics/diseaseunderstanding/the-natural-evolution-of-sars-cov-2.html
https://www.astrazeneca.com/what-science-can-do/topics/diseaseunderstanding/the-natural-evolution-of-sars-cov-2.html
http://dx.doi.org/10.1016/j.eclinm.2022.101455
http://dx.doi.org/10.1016/j.eclinm.2022.101455
http://dx.doi.org/10.1016/j.cell.2021.11.013


Page 6 of 6Makulo et al. Virology Journal           (2023) 20:56 

and vaccine efficacy. Vaccines. 2021;9(10):1195. https://doi.org/10.3390/
vaccines9101195

14.	 Otshudiema JO, Folefack GT, Nsio JM, Mbala PK, KAKEMA CH, Kosianza JB, et 
al. Epidemiological comparison of four COVID-19 waves in the Democratic 
Republic of the Congo, March 2020–January 2022. J Epidemiol Global Health. 
2022;12:316–27.

15.	 World Health Organization Classification of Omicron (B.1.1.529). : 
SARS-CoV‐2 Variant of Concern. https://www.who.int/news/item/26-
11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern, 
accessed Nov 26, 2021.

16.	 Gao SJ, Guo H, Luo G. Omicron variant (B.1.1.529) of SARS-CoV‐2, a global 
urgent public health alert. J Med Virol. 2021. https://doi.org/10.1002/
jmv.27491. https://onlinelibrary.wiley.com/doi/

17.	 Rana R, Kant R, Huirem RS, Bohra D, Ganguly NK. Omicron variant: current 
insights and future directions. Microbiol Res. 2022;265:127204.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

http://dx.doi.org/10.3390/vaccines9101195
http://dx.doi.org/10.3390/vaccines9101195
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern
http://dx.doi.org/10.1002/jmv.27491
http://dx.doi.org/10.1002/jmv.27491
https://onlinelibrary.wiley.com/doi/

	﻿SARS-CoV2 mutations and impact on mortality: observational study in a sub-saharan Africa hospital
	﻿Summary
	﻿Background
	﻿Method
	﻿Sample collection and laboratory diagnosis
	﻿Time period of the COVID-19 pandemic waves (Ministry of Public Health, Hygiene and Prevention, DR Congo)
	﻿Statistics
	﻿Ethical considerations

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


