
Article Not peer-reviewed version

Wastewater Genomic Surveillance to

Track Infectious Disease-Causing

Pathogens in Agadir and Inezgane

Cities

Maryem Wardi , Ahmed Belmouden * , Mohamed Aghrouch , Abdellah Lotfy , Youssef Idaghdour ,

Zohra Lemkhente *

Posted Date: 13 August 2024

doi: 10.20944/preprints202408.0800.v1

Keywords: Wastewater-based epidemiology; COVID-19; SARS-CoV-2; Influenza A; Morocco; Genomic

surveillance

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/3674867
https://sciprofiles.com/profile/3767304
https://sciprofiles.com/profile/1237722
https://sciprofiles.com/profile/3763428


 

Article 

Wastewater Genomic Surveillance to Track Infectious 

Disease-Causing Pathogens in Agadir and Inezgane 

Cities 

Maryem Wardi 1, Ahmed Belmouden 1,*, Mohamed Aghrouch 2, Abdellah Lotfy 3, Youssef 

Idaghdour 4 and Zohra Lemkhente 2,* 

1 Laboratory of Cellular Biology and Molecular Genetics, Faculty of Sciences, Ibnou Zohr University, Agadir, Morocco 

2 Laboratory of Medical-Surgical, Biomedicine and Infectiology Research, Faculty of Medicine and Pharmacy, Ibnou Zohr 

University, Agadir, Morocco 

3 Ministry of Health delegation, Agadir, Morocco 

4 Center for Genomics and Systems Biology, New York University Abu Dhabi, Abu Dhabi, United Arab Emirates 

* Correspondence: a.belmouden@uiz.ac.ma; z.lemkhente@uiz.ac.ma 

Abstract: Wastewater genomic surveillance is an efficient and economic approach to track infectious diseases 

and can help detect unusual epidemiological events. The current study uses this approach for the first time in 

Morocco to monitor the epidemiology of SARS-CoV-2 and Influenza A, B and RSV virus infections during the 

third wave of COVID-19 caused by the Omicron variant. The virome was concentrated from wastewater 

collected from two sewer sheds of two cities, Agadir and Inezgane, using the PEG/NaCl method. The viral copy 

number was determined using qRT-PCR. All 26 samples in both cities were tested positive for SARS-CoV-2 at 

various viral loads. For Influenza A virus, two samples were tested positive in Inezgane. The estimated SARS-

CoV-2 viral RNA copy numbers observed were then used to estimate the number of infected individuals using 

the SEIR model. The number of viral copies of SARS-CoV-2 for Agadir and Inezgane varied from 82932 ± 15479 

to 507865 ± 58759 copies/L and 61244 ± 8552 to 497506 ± 18061 copies/L, respectively. The estimated number of 

cases correlates positively with the number of reported cases. Next Generation Sequencing showed that samples 

contain the following two variants: BA.1 and BA.2 that have been detected in clinical samples. This study 

demonstrates the effectiveness and feasibility of wastewater genomic surveillance in monitoring pathogens such 

as SARS-CoV-2 in Morocco. 

Keywords: Wastewater-based epidemiology; COVID-19; SARS-CoV-2; Influenza A; Morocco; Genomic 

surveillance 

 

1. Introduction 

Wastewater-based epidemiology (WBE) is a promising approach for monitoring pathogens that 

may pose a threat to human and animal health. This method can be applied as an early warning tool 

and allows for action before the pathogens spread to the general population. It presents an 

alternative, more comprehensive, and less expensive strategy that can be used in low-income 

countries instead of diagnostic tests that examine each individual, which require resources that 

undeveloped countries do not possess [1] The approach allows decision-makers to take essential 

actions and avoid strain on public health systems [2]. Wastewater monitoring was initially used to 

estimate the use of illegal substances and subsequently extended to estimating community 

prevalence of pathogens excreted in urine or feces, such as SARS-CoV-2 [3]. Given the presence of 

SARS-CoV-2 in feces, it is possible to estimate the number of infected individuals, both symptomatic 

and asymptomatic, in a given community using wastewater [4]. This strategy enables early detection 

of infected cases, which allows authorities to take necessary measures to contain the epidemic. 

Several studies have shown the effectiveness of this method and have demonstrated a significant 

correlation between the number of reported cases and the number of cases estimated from 
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wastewater [5,6]. The estimation of the number of infected people is based on the use of statistical 

models, mainly Monte Carlo Simulation [7,8]. These models are based on the use of quantified virus 

copy numbers in wastewater (copies/L) with other parameters including wastewater flow, fecal load, 

and RNA shedding in the stool. 

Wastewater surveillance can also be used to monitor and search for new genetic variants of 

pathogens to implement mitigation strategies before they spread. It can offer important and 

complementary information by providing frequency estimates of all variants circulating in a 

population by overcoming the sampling limit [9]. Studies have shown the effectiveness of its use and 

the correlation of the data obtained with clinical trends [10,11]. In this study, we present the first 

report of the use of wastewater genomic surveillance in determining COVID-19, Influenza A and B, 

and RSV infections dynamics in Morocco in the cities of Agadir and Inezgane during the third wave 

of pandemic caused by the Omicron variant from January to February 2022. 

2. Materials and Methods 

2.1. Wastewater Sampling 

26 Raw wastewater samples from two sewersheds that collect water from the two cities (Agadir 

and Inezgane) were collected throughout a month, from 07/01/2022 until 04/02/2022 (Figure 1). The 

sewers of Agadir and Inezgane gather wastewater from communities of 682,110 and 628,380 

individuals, respectively. Sampling was done every 48 hours. A 24 h composite sample was collected 

in sterile 2 L jars (Gosselin™ Square HDPE Graduated 2 L Bo�les) and transported to a secondary 

Hospital Hassan II in Agadir at 4 °C. Once in the laboratory, each sample was pasteurized at 60 °C 

for 90 min to inactivate the pathogens and protect the manipulator. After pasteurization, each sample 

was transferred to 2 polypropylene centrifuge sterile 50 ml tubes (Thomas Scientific) for 

centrifugation at 4,000 g for 30 min to remove large debris. 

 

Figure 1. Location  of sewersheds of Agadir and Inezgane cities under surveillance. 

2.2. Virome Concentration and RNA Extraction 
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Viruses were concentrated using the PEG/NaCl precipitation method with a final concentration 

of 10% (w/v) and 0.3M respectively [12], and left under agitation overnight at 4°C. The tubes were 

then centrifuged at 12,000g for 2h at 4°C and the supernatant discarded followed by washing of the 

pellet using 0.9% NaCl. Automated RNA extraction was done with the Nucleic Acid Extraction and 

Purification Kit of MagaPure (BIGFISH, Biological Technology) following the manufacturer’s 

recommended protocol. The kit performs extraction in a high salt state and using magnetic beads-

based purification of nucleic acids. For the extraction, an aliquot of 200 µl of the concentrated 

wastewater sample was spiked with the MS2 prophage, an exogenous non-competitive external 

positive control for the extraction protocol, followed by reverse transcription and PCR amplification. 

Elution was done in 60 µL of nuclease-free water and stored at -80°C until the next step. Each sample 

was extracted in duplicates. 

2.3. qRT-PCR of SARS-CoV-2 and Flu Viruses 

Detection of the SARS-CoV-2 virus was done using the TaqPath™ COVID-19 CE-IVD RT-PCR 

Kit (Thermo Fisher Scientific). Quantification of the virus was done using the SARS-CoV-2 N and 

Orf1ab genes. A standard curve with a concentration ranges from 2*104 to 2*100 copies was derived 

using a SARS-CoV-2 positive control. Detection of Influenza A, Influenza B, and RSV was performed 

with the Flu Multiplex PCR KIT (GeneProof). Influenza A detection involves the amplification of 

specific regions in the M gene and NP gene. Influenza B detection involves the amplification of two 

specific regions in the HA gene. RSV A/B detection involves the amplification of specific regions in 

the M gene. The standard curves for the three viruses were made using positive control provided 

with the kits. All qRT-PCR reactions run in duplicates using the ThermoFisher QuantStudio 5 

Applied Biosystem instrument (Thermo Fisher Scientific) following the manufacturer’s instructions. 

To standardize the qPCR data between the two cities and throughout the sampling period, a 

Pepper mild mo�le virus (PMMoV) qPCR was performed. PMMoV is a plant pathogen that infects 

pepper and exists in large quantities in fecal ma�er. This marker shows stability in wastewater under 

various environmental conditions, and it has been demonstrated as a robust marker to normalize 

qPCR data from wastewater [13]. qPCR of PMMoV was carried out using forward primer 5’-

GAGTGGTTTGACCTTAACGTTGA-3’, reverse primer 5’-TTGTCGGTTGCAATGCAAGT-3’, and 

probe 5’-FAM-CCTACCGAAGCAAATG-BHQ1-3’ [14]. The reaction was performed in a final volume 

of 25 µl containing 6.25 µl TaqPath master Mix, 500 nM of forward and reverse primers, and 250 nM 

of the probe with 6.75 µl of nuclease-free water and 10 µl of the extracted RNA. Reactions were 

conducted using ThermoFisher QuantStudio 5 Applied Biosystem with the following thermal profile: 

UNG incubation at 25°C for 2 min, reverse transcription at 53°C for 10 min; denaturation and 

polymerase activation at 95 °C for 2 min, followed by a two-step amplification profile of 40 cycles at 

95 °C for 3 s and 55 °C for 30 s. Reactions were executed with the inclusion of a negative control in 

every qPCR run. Standard curves were derived using serial dilutions of RNA extracted from Tabasco 

sauce (McIlhenny Co) following the [15] procedure.  

2.4. Next Generation Sequencing (NGS) and Bioinformatic Analysis 

Among the 26 samples, 4 were sequenced. These include the samples collected on 07/01/22 and 

the samples on 04/02/22. Extracted RNA was converted to cDNA using Ion Torrent™ NGS Reverse 

Transcription Kit (Thermo Fisher Scientific). Libraries were prepared with ION CHEF (Thermo Fisher 

Scientific) using the Ion Ampliseq kit for chef DL8 (Thermo Fisher Scientific) and the Ion AmpliSeq™ 

SARS-CoV-2 Insight Research Panel (A51306, Thermo Fisher Scientific). The panel design includes 

the addition of new variant-tolerant primers to broaden and improve the coverage for variants of 

concern and increase the sensitivity of the panel to enable detection from lower viral titer samples. 

The library was subsequently quantified using the Ion Library TaqMan Quantitation Kit (Thermo 

Fisher Scientific). The samples were prepared and subsequently loaded onto a 530-chip using the Ion 

Chef system. After loading, the chip was sequenced using the Ion GeneStudio S5 system (Thermo 

Fisher Scientific). Bioinformatic analysis was performed with the SARS-CoV-2 plugins that include: 

generate Consensus, SARS-CoV-2 coverage Analysis, SARS-CoV-2 variant Caller, SARS-CoV-2 
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annotate SnpEff, and SARS-CoV-2 lineage ID. Tablet software (1.21.02.08) was used for the analysis 

of the obtained reads and the detected variants [16]. 

We included also a total of 28 human nasopharyngeal swab samples obtained from the Virology 

Laboratory of the Regional Hospital Center biobank (Hassan II) in Agadir, Sous-Massa region, 

Morocco. These samples were subjected to sequencing and subsequent analysis using the previously 

mentioned protocol. The primary objective of this analysis was to identify and characterize the 

variants of SARS-CoV-2 present in clinical samples and compare them with the variants detected in 

wastewater samples. 

2.5. Estimated Number of Infected Cases by SEIR Model 

The prediction of the number of SARS-CoV-2 infected cases was based on the SEIR model 

(Susceptible-Exposed-Infectious-Recovered) developed by McMahan et al [8]. This model is based on 

the mass rate of SARS-CoV-2 RNA in the wastewater and takes into account parameters that may 

impact the number of estimated cases including fecal production rate, SARS-CoV-2 RNA density in 

feces, and decay rates during transit in sewer lines. The model takes into consideration also the basic 

reproduction index, incubation time, duration of infection, time to reach maximum viral load, 

maximum viral load, average viral load after the maximum has been reached, travel time in the 

sewage lagoon, and temperature of the wastewater. The estimate of the number of infected 

individuals was within the 95% confidence limits of the model. This approach provides a robust 

method for comparing multiple treatment plants at the same time.  

The SEIR model was executed using R version 4.2.0 (2022-04-22 ucrt) and the deSolve package. 

The packages used are available at h�ps://github.com/scwatson812/COVID19WastewaterModel. 

Modelizations were undertaken using the following se�ing: SEIR parameter control (T = 30; beta = 

0.25/0.95; gamma.e = ⅕; gamma.i = 1/10 ; p = 1e-4; N = 500k/600k), Viral trajectory control (mu.V.max 

= 7.6; sd.V.max = 0.8; mu.V.20 = 3.5; sd.V.20 = 0.35; T.V.max = 5), Degradation control (Ts = 2; Temp = 

20; mu.tau0 = 130; sd.tau0 = 25; mu.Q = 2.5; sd.Q = 0.15). 

2.6. Statistical Analysis 

Statistical analysis was performed using R-package (R version 4.2.0 (2022-04-22 ucrt) - "Vigorou). 

The statistical tests employed in this study include the Shapiro-Wilk test (Shapiro.test) to assess 

normality and the Student's t-test to compare the mean Ct values of MS2 and PMMOV between 

Agadir and Inezgane cities. Additionally, a comparison of Ct values for the N and ORF1ab target 

genes was conducted. Graphics were generated using ggplot2, ggpubr, dplyr and tidyverse packages 

in R. 

3. Results 

This section may be divided by subheadings. It should provide a concise and precise description 

of the experimental results, their interpretation, as well as the experimental conclusions that can be 

drawn. 

3.1. SARS-CoV-2 Monitoring 

3.1.1. Use of MS2 Prophage Spiking to Estimate RT-qPCR Inhibition Effects 

Concentration of viruses also co-concentrates PCR inhibitors such as organic compounds and 

salts within wastewater, thereby introducing biases when comparing samples collected from 

different sites and dates. To overcome this issue, we used MS2 prophage spiking in the RNA 

extraction step. This exogenous non-competitive internal control allows us to appreciate the efficiency 

of extraction, reverse transcription, and amplification. Like SARS-CoV-2, MS2 is a positive-sense 

single-stranded RNA virus. The obtained MS2 Ct values are as follows: mean 29.18 (SD 1.40 Ct), mean 

29.96 (SD 1.23 Ct) and mean 27.27 (SD 1.27 Ct) for Agadir City, Inezgane City, and Negative control 

respectively. 
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The Student test comparison of Ct values showed a significant difference between the sites of 

Agadir and Inezgane, 0.77 Ct (P = .03), and with the negative control, 1.92 Ct (P < 0.001) for Agadir 

and 2.69 Ct (P < 0.001) for Inezgane (Figure 2A). 

 

Figure 2. Comparison of the means of Ct of MS2(A), N and ORF1ab(B), and PMMOV(C) genes between 

Agadir, Inezgane Cities. 

These results indicate the presence of a subsidiary inhibitory effect in both samples from Agadir 

and Inezgane. 

Hence, for the calculation of SARS-CoV-2 copies number, the MS2 mean difference value with 

negative control was subtracted from Ct values of N and ORF1ab gene. 

3.1.2. RT-qPCR Profiles of N and ORF1ab SARS-CoV-2 Target Genes 

To estimate the SARS-CoV-2 copies present in a given sample of wastewater, both N and ORF1ab 

target genes Ct were determined and compared (Figure 2B). The amplification efficiencies for these 

two genes were 106.76% (N gene) and 98.70% (ORF1ab gene). The correlation coefficients (R2) for N 

and ORF1ab were 0.9942% and 0.9926%, respectively. Comparison of Ct values for N and ORF1ab 

target genes gives a correlation coefficient of 0.37; this value suggests a positive correlation. Inspection 

of Ct values distribution and RT-qPCR curves indicates that there is a tilling point corresponding to 

ORF1ab Ct value of 28.75. Indeed, ORF1ab Ct values below 28.75 seems to be underestimated by the 

QuantStudio software and can be considered as outliers. Also, the correlation coefficient rises to 0.81 

if considering ORF1ab Ct values greater than 28.75, and the regression linear model gives y=4.99+0.84x 

(R2 = 0.644; P slope = 2.4e-09). Together with these observations, we decided to use the N Ct values for 

estimating SARS-CoV-2 copies number. 

3.1.3. PMMoV 

As an internal reference for quantification of SARS-CoV-2, we amplified a PMMoV through 

qPCR. Previous studies have shown that PMMoV is the most abundant RNA virus in human feces, 

and it is shed in large quantities in wastewater. PMMoV is remarkably stable in wastewater, and its 

concentrations showed li�le seasonal variation. Moreover, PMMoV is a positive-sense single-

stranded RNA virus similar to SARS-CoV-2. Ct values obtained are as follows: mean 26.86 (SD 0.52 

Ct) for Agadir and mean 27.09 (SD 0.29 Ct) for Inezgane. No significant difference was found between 

the two cities (Figure 2C). This indicates that there is no daily variation in the number of citizens 

during January 2022, which is consistent with the two cities having an equivalent number of 

inhabitants. Therefore, the normalization step of SARS-CoV-2 with PMMoV is optional. 
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3.1.4. Estimating SARS-CoV-2 Copies Number and Time Series Evolution 

Normalized N gene Ct values (to MS2) were used to calculate the number of SARS-CoV-2 copies 

abundance in wastewaters. 

For Agadir city we obtained a minimal value of 82932 ± 15479 copies/L (February 4, 2022) and a 

maximal value of 507865 ± 58759 (January 19, 2022). For the Inezgane city, the values range from 

61244 ± 8552 (February 2, 2022) to 497506 ± 18061 (January 12, 2022) (Figure 3). 

 

Figure 3. Daily variation of SARS-CoV-2 RNA abundance in wastewater samples of Agadir and 

Inezgane cities based on N gene quantification. 

3.1.5. Estimating COVID-19 Active Cases Using the SEIR Modelisation 

The number of active cases of COVID-19 was estimated using the SEIR model and compared to 

the reported cases. Estimated active cases were obtained using the si�ing described in the materials 

and methods. The parameters take into account a basic reproductive number (R0) of 2.5 and a 

population size of 500000. Changing parameters to R0 of 9.5 reported for the Omicron variant 

(B.1.1.529) [17] and 600000 inhabitants does not change the slope of the standard curve and does not 

seem to influence the order of magnitude of the estimated active cases, which is in contrast to the 

intercept (Figure 5). 

 

Figure 5. SEIR model predictions of active COVID-19 cases based on RNA mass rates in wastewater; 

A: R0 9.5, B: R0 2.5. 

Comparison of the profiles between reported COVID-19 cases and estimated active cases over 

time show a positive correlation (Spearman correlation coefficient =0.45) with a maximum number of 

infected people recorded in mid-January. Additionally, the results show that the estimated number 

of infected cases based on the viral load of wastewater is higher than the number of cases reported 

based on clinical tests, ~ 10x fold (Figure 6). 
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Figure 6. SEIR model prediction of active COVID-19 cases based on RNA mass rates in wastewater; 

A: R0 9.5, B: R0 2.5. C: Reported active COVID-19 cases. D: Spearman Correlation between Estimated 

cases and Reported cases. 

A lag between the estimated and reported cases was observed in Inezgane city for about 2–3 

days which could serve to alert the authorities to take the necessary measures before burdening the 

hospitals. This lag was not systematically observed, possibly due to sampling and recording active 

cases. 

3.1.6. SARS-CoV-2 Genome Sequencing from Wastewater 

Lineage geospatial distributions were assessed through NGS sequencing of four samples 

corresponding to the beginning and the end of the January SARS-CoV-2 wave (Table 1). 

Table 1. NGS features of SARS-CoV-2 samples. 

Sample Mapped  

Reads 

Filtered  

Reads 

Target  

Reads 

Mean  

Depth 

Uniformity 

Agadir 07/01/22 37 536 0,65% 98,71% 221,6 74,77% 

Inezgane 07/01/22 351 436 0,19% 99,54% 2318 87,30% 

Agadir 04/02/22 270 741 2,46% 96,97% 1511 73,31% 

Inezgane 04/02/22 734 351 0,63% 99,40% 4673 85,16% 

Pooled reads 1 394 064 - - 8407 - 

Across samples, coverage depth varies between a minimal value of 222 to a maximal value of 

4673. Bases with coverage represented 99.8% and the N50 and N90 were equal to 4056 and 1689, 

respectively. 

Across the SARS-CoV-2 genome, coverage depth drops drastically to less than ten in the region 

21800–22080 (280 bp). This region corresponds to the N-terminus of S protein. It seems that there is a 

failure in Amplicon-Based Detection and Sequencing of SARS-CoV-2; failure in target amplification; 

Lineage-dependent amplicon failure (Figure 7A). 
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Figure 7. NGS coverage across SARS-CoV-2 genome, B. Diagram showing omicron specific mutations 

detected by NGS technique. 

Genomic monitoring of the variants of SARS-COV-2 in the wastewater showed that the four 

samples analyzed, which represent the beginning and the end of the wave, contain the two variants 

BA.1 and BA.2. The variant BA.1was the more abundant (99.7% Reads) than BA.2 (0.3% Reads). BA.1 

and BA.2 specific or shared mutations were detected except for those that fall in the zero coverage 

(Figure 5B). The same variants detected in wastewater were also found in clinical samples that were 

sequenced. 

3.2. Influenza A/B and RSV Monitoring 

Specific detection experiments of Influenza viruses (A and B) and Respiratory Syncytial virus 

from samples of Agadir and Inezgane cities showed negative results except for two samples of 

Inezgane city (Figure 8). 

 

Figure 8. Influenza A RNA Abundance in wastewater (copies/L) for Agadir and Inezgane Cities. 

4. Discussion 

This study highlights the first use of the wastewater-based approach for monitoring infectious 

diseases in Morocco. It has been used to monitor SARS-CoV-2 and Influenza A/B, and RSV viruses in 
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two cities: Agadir and Inezgane. The virome in the wastewater samples was concentrated using the 

polyethylene glycol (PEG)/NaCl approach. According to a study published by [18], this method 

showed the highest and most reproducible recovery rates (46.6–56.7%) of SARS-CoV-2 virus 

compared to other methods based on ultrafiltration or adsorption-extraction. Since wastewater is a 

matrix rich in PCR inhibitors, and may consequently bias wastewater-based estimates, the MS2 

prophage was used as a non-competitive exogenous control to assess the efficiency of extraction, 

reverse transcription, and amplification. The results of the recorded MS2 Ct showed the presence of 

inhibitors, especially in the samples taken in Inezgane with a 2–3 Ct difference compared to the 

negative control. Two genes, N and orf1ab, were tested to detect SARS-CoV-2. The Ct values obtained 

for N and orf1ab were normalized to the Ct of MS2. Copy number detected by N genes shows 

consistency compared to that of the orf1ab gene. Most studies are based on quantification of the viral 

copy number using the N gene [5,8]. A study that tested 19 primer sets demonstrated that primer sets 

targeting the N gene had the fastest amplification and highest sensitivity for the detection of SARS-

CoV-2 [19]. In addition, according to the CDC, primers targeting the N gene: N1 and N2 gene regions 

have been shown to be sensitive and specific for quantifying SARS-CoV-2 RNA in wastewater [20]. 

The number of copies of the N gene was then used to estimate the number of infected individuals. To 

validate the results of wastewater monitoring, it is very important to normalize the number of copies 

found against fecal indicators such as PMMOV. This allows the use of data found in epidemiological 

models because it considers the differential fecal load at the level of the samples taken. There was no 

significant difference between the two cities according to the Cts of the PMMOV recorded at the level 

of the samples taken in Agadir and Inezgane. Therefore, normalizing the number of copies was 

optional. We used the mathematical SEIR model for estimating the number of infected persons. This 

model considers the contact rate parameter, which is the 'beta' parameter. This parameter is equal to 

R0γ/S(0), where R0 is the baseline reproduction number, γ is divided by the infectious period, and 

S(0) is the proportion of the susceptible population at the beginning of the study period. This allows 

the model to adapt to the characteristics of the study population. The epidemiological evolution of 

the estimated number of cases was consistent with the number of cases reported by authorities in the 

two cities. The results show that the estimated number of infected cases based on the viral load of 

wastewater is higher than the number of cases reported based on clinical tests, i.e., ~10-fold. This was 

also observed in studies conducted in Canada, the USA, Australia, and the UAE [21–23]. This  could 

be explained by the fact that people were no longer tested during this wave. In addition, omicron 

infection in combination with vaccination results in less severe and mild-to-moderate symptoms, and 

people suffice by self-medication. A high number of infected individuals was recorded in mid-

January. This number is moderate because of mass vaccination of the population against SARS-CoV-

2. 

Upon comparison, this wave is different from the first two waves caused by the Alpha and Delta 

variants (Figure 9). It is characterized by very high transmissibility and low severity of clinical forms. 

The initial reproduction number (R0) of the historical variant was approximately 2.5, and the alpha 

variant had an 80% higher R0 of approximately 4. The Delta variant is even more transmissible, with 

an R0 of 6–8 [24]. However, the Omicron variant could be up to 100% more transmissible, which 

means that its R0 would be approximately 12–15 [17]. 
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Figure 9. Supplementary Fig. SF3. Evolution of COVID-19 pandemic in Morocco. 

Therefore, this virus is currently one of the most contagious. The pathways of human-to-human 

transmission of SARS-CoV2 between individuals involve direct inhalation of soiled droplets released 

into the air by sneezing or coughing and transmission through the oral, nasal, and ocular mucosa. 

At the international level, the Omicron variant rapidly spreads and becomes the dominant 

variant within a few weeks. At the national level, Omicron-wave, which started in January and ended 

in February, is characterized by a shift in regions; the epidemics were heterogeneous. The cities of 

Casablanca and Rabat recorded the most important cases compared to Agadir and Inezgane. During 

this wave, there was simultaneous circulation of the Delta and Omicron variants, but the la�er was 

dominant in 98% of cases. The wave accelerated owing to an increase in the contagiousness of the 

virus and decrease in the barriers to slow down its circulation, such as containment. From the first 

week of February, the wave passed to the descending phase and the number of cases started to 

decrease progressively. Consequently, the epidemiological situation gradually improved. 

It is noteworthy that Morocco has made several efforts to control the pandemic caused by SARS-

CoV-2. Several measures and strategies have been introduced that have effectively contributed to 

reducing the number of COVID-19 cases, hospitalizations, and deaths. The contributions of public 

institutions, the private sector, and civilians have made it possible to limit the damage and to have 

certain control over the pandemic. 

The NGS of viral RNA from wastewater samples provides information on circulating variants 

and variant-specific mutations. The dominant variant in the clinical samples was BA.1, which was 

also detected in the wastewater (99.7% Reads). Thus, wastewater can be used to identify circulating 

variants of concern within a population. The BA.2 variant detected (0.3% Reads) became dominant 

in the fourth wave caused by Omicron. Sewage NGS can be considered as an early detection tool for 

SARS-CoV-2 variants. In addition, NGS of wastewater allowed the detection of mutations specific to 

these two variants. Thus, this approach is a promising tool for the surveillance of variants at the level 

of a given population, especially because it overcomes the sampling problem. 

It is noted that this wave coincides with autumn when infections intensify, and cold weather 

causes diseases with symptoms similar to those of COVID-19. This season is known for the 

resurgence of infections and seasonal diseases and could result in more severe cases. 

Influenza and acute respiratory infections are recurring epidemics that occur annually. Like all 

countries in the world, Morocco is also involved in influenza surveillance. The national surveillance 

system for influenza and acute respiratory diseases in Morocco is ensured by the sentinel system set 

up by the Ministry of Health. This system monitors the evolution of seasonal influenza every year 

and allows the estimation of the burden of morbidity and mortality as well as identifying circulating 

viruses and monitoring their sensitivity to antivirals. The restrictions imposed to limit the 

transmission of SARS-CoV-2 have positively impacted the transmission of the influenza virus.  

According to the Epidemiological Report on Influenza and Severe Acute Respiratory Infections 

of the Ministry of Health in Morocco, sentinel surveillance of influenza has shown a return of 

circulation of the influenza virus type A with a predominance of the subtype A(H3N2) virus in 

contrast to the 2020/2021 season, which is marked by the absence of circulation of the influenza virus. 

This was also observed in wastewater samples from Inezgane city. The evolution of this virus in 

wastewater has not yet been well elucidated and requires further studies to be�er understand this 

evolution, observe the stability of the virus, or whether it is easily degradable. However, the analysis 

of wastewater to detect and track the evolution of influenza remains a promising approach, but 

several optimizations are required to make the tool more reliable and to validate the use of these data 

in the prediction of the number of cases infected by this virus. 

This virus has also been detected on university campuses in different parts of the United States 

[25]. Influenza can spread quickly and easily to a large number of people and cause continuous 

spread over time.  

For both viruses, the symptoms are similar because Omicron primarily infects the upper 

respiratory tract and is easily confused with seasonal influenza. However, people infected with 

COVID-19 may take longer to develop symptoms because of the long incubation period of the virus 
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compared with the flu. Symptoms of COVID-19 often presented later in patients than those of 

influenza, with a difference of 2–14 days versus 1–4 days post-infection, respectively. Additionally, 

these individuals may be contagious for a longer period of time. People who get the flu recover within 

a few days or less than two weeks, but few develop complications (such as pneumonia), some of 

which can be life-threatening and result in death. 

5. Conclusions 

In conclusion, this study demonstrates the feasibility of using wastewater-based epidemiology 

to track COVID-19 and influenza A, offering a promising tool for public health monitoring in 

Morocco. By applying mathematical models, this approach can predict the number of infected 

individuals. WBE enables real-time monitoring of viral evolution and the emergence of new 

mutations without relying solely on clinical testing, which can be limited and delayed. This method 

is crucial for guiding vaccine formulation to ensure they effectively protect against the most prevalent 

strains, especially for rapidly mutating viruses like SARS-CoV-2. 

However, it is essential to develop and implement more sensitive and specific sequencing 

technologies. Standardizing sampling and analysis protocols, as well as integrating wastewater data 

with clinical and epidemiological data, can further enhance the accuracy and utility of this 

surveillance method. Investing in theseimprovementswillensurethatwastewater-

basedepidemiologyremains a valuable tool in the ongoing effort to control and prevent viral diseases. 
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