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Introduction: In Peru, on 11 February 2023, the Ministry of Health registered 4 million patients infected with COVID-19 and around 219,260 deaths. In 2020, the SARS-CoV-2 virus was acquiring mutations that impacted the properties of transmissibility, infectivity, and immune evasion, leading to new lineages. In the present study, the frequency of COVID-19 variants was determined during 2021 and 2022 in patients treated in the AUNA healthcare network.

Methods: The methodology used to detect mutations and identify variants was the Allplex™ SARS-CoV-2 Variants Assay I, II, and VII kit RT-PCR. The frequency of variants was presented by epidemiological weeks.

Results: In total, 544 positive samples were evaluated, where the Delta, Omicron, and Gamma variants were identified. The Delta variant was found in 242 (44.5%) patients between epidemiological weeks 39 and 52 in 2021. In the case of Gamma, it was observed in 8 (1.5%) patients at weeks 39, 41, 43, 45, and 46 of 2021. The Omicron variant was the most frequent with 289 (53.1%) patients during weeks 49 to 52 of 2021 and 1 to 22 of 2022. During weeks 1 through 22 of 2022, it was possible to discriminate between BA. 1 (n = 32) and BA.2 (n = 82).

Conclusion: The rapid identification of COVID-19 variants through the RT-PCR methodology contributes to timely epidemiological surveillance, as well as appropriate patient management.
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Introduction

SARS-CoV-2 is an emerging virus that made its first appearance in the Chinese province of Wuhan in November 2019 (1). It is alarming that the World Health Organization (WHO) declared it a global pandemic (2). In Peru, on 5 March 2020, the first case of COVID-19 was reported. Today, more than 4 million cases of COVID-19 have been confirmed in Peru and approximately 219,587 deaths were registered (3).

SARS-CoV-2 has constantly changed, this caused the virus to acquire mutations in the spike protein gene (S-gene) giving new lineages of origin of SARS-CoV-2. These mutations have an impact on the properties of the virus, such as transmissibility, immune response, infectivity, and disease severity (4). WHO and the Center for Disease Control and Prevention (CDC) of the United States classified these variants as Variant of concern (VOC): Alpha, Beta, Gamma, Delta, and the currently circulating variant of concern Omicron and Variants of interest (VOI): Iota, Eta, Kappa, Epsilon, Lambda, and Zeta (5).

The SARS-CoV-2 lineages have been determined by whole genome sequencing (WGS). This test has been used since the start of the pandemic to gather essential information for public health. WGS requires high-complexity laboratories, highly qualified staff, expensive resources, and a long time for analysis (6). The implementation of real-time PCR in laboratories became a great alternative for monitoring circulating variants because it can be used as a rapid screening for epidemiological surveillance (7, 8). Additionally, real-time PCR has advantages such as the rapid process time, the affordable price, and the easy implementation in a molecular biology laboratory. In the present study, we describe the frequency of SARS-CoV-2 variants in the Auna healthcare network from Peru determined by real-time identification of the S-gene mutation.



Materials and methods


Samples and selection criteria

Genetic materials were obtained from nasopharyngeal swabs from September to December (39 to 52 epidemiological weeks) in 2021 and from January to May (1 to 22 epidemiological weeks) in 2022, which were previously tested for SARS-CoV-2 by reverse transcription PCR (RT-PCR) (9, 10). We stored remnant RNA at −80°C from positive samples with a cycle threshold (CT) value less than 30. All procedures were performed in the Molecular Biology area of the Auna Laboratory.



Real-time PCR for variant determination

The identification of the variants was performed with real-time PCR using a commercial kit. The Allplex™ SARS-CoV-2 Variants I Assay detects and identifies the HV69/70 deletion, E484K and N501Y mutations of the S gene and the Allplex™ SARS-CoV-2 Variants II Assay detects the mutations: L452R, W152C, K417T, and K417N. Together, this allows the identification of the VOC: Alpha, Beta, Gamma, Delta, and Omicron (11, 12). The differentiation between the lineages of Omicron BA.1 and BA.2 was determined using the Novaplex™ SARS-CoV-2 Variants VII Assay. This assay detects mutations: N501Y, E484A and HV69/70 deletion (13).



Whole genome sequencing

The national programme for genomic surveillance of the SARS-CoV-2 virus in Peru is directed by the National Institute of Health (NIH) with the objective of developing adequate genomic surveillance of the circulation of variants of SARS-CoV-2. As an authorised laboratory, we participated in the analytical surveillance programme, which allowed us to know the exact lineage of some samples with the methodology of whole genome sequencing. A total of 49 samples were derived from the INS Genomic Laboratory of the INS; these results were compared with those obtained using the real-time PCR methodology for VOC identification.



Statistical analysis

The data analysis of the multiplex real-time PCR was developed using the automated software Seegene viewer. This allows identification and differentiation for both the Ct value and multiple targets in a single channel. The information for this epidemiological study was collected from the laboratory software Enterprise. The data was analysed in R studio and presented in graphs and tables.




Results

The sampling was carried out in the Auna clinic network from September to December 2021 and from January to May 2022. During this time, around 31,375 samples were analysed, reaching 50% positivity during the third wave in Peru between December 2021 and February 2022 (Figure 1).
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FIGURE 1
 Evolution over the time of all samples processed from September to December 2021 and January to May 2022. The green line reports the COMD-19 negative cases. The blue line reports the COMD-19 positive cases.


A total of 544 samples with CT values less than 30 were selected, of which 432 ARN samples were tested with Allplex™ MC SARS-CoV-2 Variants I and II and 112 ARN samples were tested with Novaplex™ MC SARS-CoV-2 Variants VII (Tables 1, 2). As shown in Figure 2, the Delta variant was found during 39 to 52 weeks in 2021 with 242 (44.5%) positive samples. The Omicron variant was found in both years, 49 to 22 epidemiological weeks in 2021 and 1 to 22 epidemiological weeks in 2022. Overall, there were 289 samples with Omicron (53.1%). Gamma was the variant with the lowest frequency with 8 (1.5%) positive samples. Our data showed that in five samples, we were unable to identify the variant.



TABLE 1 Analysis of SARS-CoV-2 variants in samples obtained from AUNA patients.
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TABLE 2 Analysis of SARS-CoV-2 variants in samples obtained from AUNA patients.
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FIGURE 2
 Identified variants by real-time PCR during epidemiological weeks 39–52 in 2021 and epidemiological weeks 1–22 in 2022.


The Omicron variant was identified between BA.1 and BA.2 at weeks 9 to 22 of 2022. BA.2 was the most frequent, with 80 (71.4%) samples identified. Unlike BA.1, with 32 (28.6%) positive samples. As shown in Figure 3, in the last weeks, BA.2 was the most frequent.
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FIGURE 3
 Identified Omicron variants during epidemiological weeks 9 to 22 of 2022 by real-time PCR with Novap1ex™ SARS-CoV-2 Variants VII Assay. In red BA.2 variant and in Blue BA.I variant.


As part of the COVID-19 surveillance in Peru, the National Institute of Health (NIH) requested samples from positive patients from laboratories that performed COVID-19 tests. Tables 1, 2 show the samples sent from 2021 to 2022 to the NIH. Only one sample could not be identified by real-time PCR used in the Auna laboratory. However, the NIH identified it as the Lambda variant by WGS. Furthermore, in the Supplementary Table S1, it can be seen that in all other samples Auna achieved the same diagnosis as the NIH.



Discussion

During the pandemic, COVID-19 developed different variants that caused worldwide concern. In Peru, the third wave of COVID-19 was declared in the 49 and 50 epidemiological weeks in 2021, increasing to more than 50% of positive cases (14, 15). In our study, Figure 1, we found an increasing number of positive cases of COVID-19 in December 2021 and January 2022, which were the months with the highest positive cases.

In Figure 2, we show the circulating variants in our area during the last trimester of 2021 and the first semester of 2022. The results obtained during 39 to 49 weeks were consistent with the end of the second wave in Peru, which had a predominance of delta variants. Also, it can be seen that from week 50 of 2021, Omicron began to appear in patients. However, from week 52 of 2021 to week 22 of 2022, Omicron shows a rapid progression that becomes predominant in all the cases. In Figure 3, from weeks 9 to 22 of 2022, Omicron began to be identified between its appearances BA.1 and BA.2 appearances, where it is evident that BA.2 had the highest prevalence. These changes are based on the local epidemiology of Peru and the recovered collected data for the INS that make Omicron responsible for the third wave (16, 17).

According to the NGS results shown in Table 1, using both Seegene Variants I and II assays allowed to identify VOC in all cases. However, these assays do not identify VOI as in the case of lambda (12, 17). Our study shows five cases with a nonidentified result; those cases are presumptive other variants different from VOC. This amount represents the 0.9% of samples analysed. In addition to that, with the emergence of Omicron subvariants, the Variants I and II assays do not discriminate between Omicron BA.1 and BA.2. The transition from BA.1 to BA.2 could be detected using the Variant VII Assay during weeks 9 to 22 of 2022.

Different assays were evaluated to identify VOC and VIC during the COVID-19 pandemic. The Allplex Seegene Variants kits showed concordance rates with WGS between 96.4 and 98.10% (18). Additionally, the Thermo Fisher TaqPath COVID-19 PCR assay achieved a 98.2% success rate in variant identification (19). The TaqPath methodology provides the advantage of identifying multiple mutations based on the current context, unrestricted to a specific kit. The high mutation rate of SARS-CoV-2 have led to the implementation of a surveillance programme in Peru to identify variants responsible for each wave. Gamma, Lambda and Delta variants principally detected during the second wave, and Omicron variant responsible for the third wave. Similar scenarios have been observed worldwide, but the timing and number of waves vary across regions (20–22). Peru has experienced diverse circulating variants, including native variants like Lambda, considered endemic to our territory (23, 24).

On the other hand, as the population immunity to SARS-CoV-2 increases, a variety of mutations have been identified that enhance replication fitness and have given rise to the VOCs. First, D614G spike protein mutation is in the C-terminal region of S1 domain related to S2. This mutation provokes a rapidly spread, higher transmissibility and more pathogenicity (25, 26). N501Y mutation enhances ACE2 proximity, it is on the RBD increasing the affinity to host cell receptor and increasing the transmission (Alpha variant) (27, 28). E484K mutation is involved in the initiation of the viral entry process and occurs at critical sites in the receptor binding motif of RBD. This mutation can escape from neutralization that affects the antibody-based measuring the monoclonal antibodies and vaccines (Beta variant) (28). On the other hand, NTD mutations has a deletion at 69–70 position that has shown a higher viral replication (29, 30). At the position 141–146 and 242–244, this deletion causes the neutralization of NTD antibodies. The reduction of the susceptibility to NTD neutralizing antibodies is produced by L18F, D253Y and other NTD mutilations, such the case of Gamma variant (29, 31). Non-spike mutations have been observed to enhance the transitivity of the virus host cells (32).

Aditionally, the multiple variants of SARS-CoV-2 that have surfaced recently have created uncertainty regarding the disease and its effects on vaccination programs. According to clinical trial evidence, vaccines currently available against the alpha variant (B.1.1.7) are highly effective (33–37). In the case of beta variants (B.1.351), some vaccines have shown reduced efficacy and effectiveness against symptomatic disease (38–41). Similarly, the effectiveness and efficacy of some vaccines have been reduced against delta variants (B.1.617.2) (42, 43). However, they have remained effective against severe disease and hospitalization (44–48). According to data on the effectiveness of vector-based vaccines against omicron variant (B.1.1.529), primary vaccine regimes fail to provide adequate protection (49). Likewise, primary mRNA vaccination regimens provide insufficient protection (50). However, it is important to highlight that vaccines remain effective against severe disease and hospitalization caused by the omicron variant, with initial data indicating 90% effectiveness against hospitalization from the United Kingdom (51, 52). Finally, it is noteworthy to mention that in the case of vaccine variants that do not have immune escape capability, a high-efficacy vaccine may only need a booster dose, whereas a lower-efficacy vaccine may need to be adapted. Thus, it is possible that all vaccines will require adaptation for variants with a significant immune escape ability, such as the Omicron variant. Equally, it is noteworthy to mention that artificial intelligence and big data have great potential for COVID-19 and other emergencies surveillance, and their roles are expected to expand over the next few years. Using AI and Big Data, public health interventions can be planned and organized based on the spread of the virus, their effectiveness monitored, old compounds can be repurposed and new drugs discovered, vaccine candidates can be identified, and communities and territories can be better prepared for the outbreak. Currently, a few studies have shown that AI-assisted methods distinguish accurately between different viral strains, aiding targeted interventions and surveillance (53–57). However, For AI-assisted methods to be effective in real world situations, more work should be done on strengthening the representativeness of data, improving predictive capabilities, and integrating AI-assisted methods into existing public health settings.

This study presents some limitations. First, the small number of samples collected during the selection of the third wave. Second, the high impact in the positive cases and the storage capacity of the laboratory complicated the recollection of ARN. However, the results obtained are based on local epidemiology during this time. Third, the kits Allplex™ SARS-CoV-2 Variants I and II assay were limited to the detection of Gamma, Beta, Delta, and Omicron that were considered VOCs (11, 12, 18). Since the SARS-CoV-2 virus is constantly mutational, these essays could quickly become out of date. For this reason, RT-PCR methods must be in permanent actualization (20). Finally, RT-PCR kits focus on a select group of mutations that identify a variant using an interpretative algorithm. Additional information like lineage, genomic diversity, and genotyping must be obtained by WGS (21).

In the present study, data from the official epidemiological surveillance issued by the NIH are correlated with national data obtained during the epidemiological weeks monitored. The data obtained during the study helped to observe the evolution of the mutations present in the second and third waves in our country. On the other hand, the kits used for RT-PCR identification have 98% reproducible genomic sequencing. Furthermore, the kits allowed us to identify variants of COVID-19 at a much lower cost and with much less equipment than the NGS method.

In conclusion, our data show the landscape of variant transitions in a private clinic where the omicron variant eventually replaced all circulating SARS-CoV-2 variants. In our experience, although with limited data, the determination of SARS-CoV-2 variants through RT-PCR assays was reliable and useful in routine.
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