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ABSTRACT

Detection of SARS-CoV-2 RNA in wastewater is helpful to identify the presence of COVID-19 in the
community. This method provides additional information, cheap and indicative of the COVID-19
contagion. The current research provides information about the Baix Llobregat case in Catalonia,
Spain. Methods: This research used an open dataset from “Generalitat of Catalonia” for the Baix
Llobregat. The time series of COVID-19 dynamics and COVID-19 genes in wastewater were
analysed for 2020-2022. Simpler and multiple linear regression was performed for Genes N1 and
N2 in wastewater and dynamics COVID-19 variables. Hypothesis analyses use a p-value<0.05 for
statistics tests. Results: Linear regression between N1 and N2 COVID-19 genes shows a high
correlation for 2020 and 2021. The best corresponding variable for the N1 gene was the
cumulative incidence and the best associative variable for the N2 gene was %PCR-RAT positive.
In multiple linear regression, the model acceptable results when considering RNA SARS-CoV-2
and the highest epidemiologic indicators with significant values (p<0.05). Discussion: COVID-19 in
water waste could be useful to determine COVID-19 dynamics in the community. In this study,
Cumulative Incidence and PCR-RAT% positive showed high performance in linear regression. The
graphical results admit similar trends with COVID-19 genes in water waste and epidemiologic
rates for time series.
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Avyala-Aldana, Monleon-Getino y Canela-Soler

Regresion lineal para sars-cov-2 en aguas residuales y la dindmica

infecciosa de covid-19 en el baix llobregat, Espafia

RESUMEN

La deteccion del ARN del SARS-CoV-2 en las aguas residuales es Gtil para identificar la presencia
del COVID-19 en la comunidad. Este método proporciona informacién adicional, barata e
indicativa del contagio de COVID-19. La presente investigacidn estudia el caso del Baix Llobregat
en Catalufia, Espafia. Métodos: Esta investigacion utilizé un conjunto de datos abiertos de la
"Generalitat de Cataluiia" para el Baix Llobregat. Se analizaron las series temporales de la
dindmica de COVID-19 y de los genes de COVID-19 en las aguas residuales para 2020-2022. Se
realizd una regresion lineal simple y multiple para las variables Genes N1y N2 en aguas residuales
y los indicadores epidemiolégicos de COVID-19. Se utilizé un valor p<0,05 para los andlisis
estadisticos. Resultados: La regresion lineal entre los genes N1y N2 de COVID-19 muestra una
alta correlacién para 2020 y 2021. La variable con mejor correlacién para el gen N1 fue la
incidencia acumulada y la mejor variable asociativa para el gen N2 fue el %PCR-RAT positivo. En
la regresion lineal multiple, el modelo resulta aceptable al considerar el ARN SARS-CoV-2 vy los
indicadores epidemioldgicos mas altos con valores significativos (p<0,05). Discusién: La presencia
de COVID-19 en aguas residuales podria ser Util para determinar la dindmica de COVID-19 en la
comunidad. En este estudio, la incidencia acumulada y el PCR-RAT% positivo mostraron un alto
rendimiento en la regresion lineal. Los resultados graficos revelan tendencias similares con los
genes de COVID-19 en los residuos del agua y las tasas epidemioldgicas para las series temporales.

Palabras Claves: covid-19; dindmica de pandemia; series temporales; epidemiologia ambiental.
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INTRODUCTION

SARS-CoV-2 is a new type of coronavirus (a broad family of viruses that normally affect
only animals) that can affect people and causes COVID-19. It was detected for the first
time in December 2019 in Wuhan (China). Coronaviruses produce clinical conditions
ranging from the common cold to more serious diseases (Hu et al., 2021; Zhou et al,,
2020). SARS-CoV-2 is the virus of COVID-19 disease, and it is highly infectious. It can be
transmitted through person-to-person contact and through direct contact with
respiratory droplets generated when an infected person coughs. Due to high
contagiousness, the disease has affected multiple countries on all continents.

According to the stool study, SARS-CoV-2 can replicate for 11 days in the gastrointestinal
tract of patients, even after nasopharyngeal samples become negative. Regarding the
presence and persistence of SARS-CoV-2 in wastewater, there is evidence that
wastewater may contain RNA fragments and viable SARS-CoV-2 particles. Furthermore,
viral RNA in stool is commonly observed in symptomatic and non-symptomatic patients
(Chen et al., 2020) Currently, some studies have detected SARS-CoV-2 RNA in wastewater
around the world and wastewater testing is an early warning tool to monitor the status
and trend of COVID-19 infection (Gonzalez et al.,, 2020; McMahan et al., 2021). In
addition, this tool is useful for evaluating public health response.

This study aims to determine predictive variables performance of the dynamics of COVID-
19 using the concentration of viral genes of COVID-19 in waterwaste.

METODOLOGIA

Area of Study

For this cross-sectional study, we studied the relation between SARS-CoV-2 in wastewater
and COVID-19 contagious at Baix Llobregat in Spain. Baix Llobregat (figure 1) is a council
of Catalonia, its population is 806,249 and its area is 241,8 (inhabitants/Km?). Besides,
Sant Feliu de Llobregat is the capital council of Baix Llobregat. This city has a population
of 45,463 inhabitants and the wastewater plant treatment of this study is in the
mentioned city. The SARS-CoV-2 N1 and N2 genes were measured in this wastewater
plant once a week and the data were aggregated with the weekly COVID-19 indicators of
Baix Llobregat.

In this context, we aimed to determine the relation between infectious epidemiological

variables and N1 and N2 genes (CG/L) in waterwaste. The starting point is to extrapolate
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the behaviour of the region Baix Llobregat from the measurement of the plant located in
Sant Feliu de Llobregat. There is no other waterwaste plant treatment reported in this
council.

COVID-19 time series was analysed from 06 July 2020 to 20 June 2022. In addition, the
dataset included weekly data of COVID-19 contagious. Database was obtained from
“Dades Covid” (Dades COVID, Generalitat de Catalunya.). Furthermore, genes
concentrations were obtained as aggregated data from “Open Data” of “Generalitat de
Catalunya”. The variables of interest, in this database, are the concentration of N1 and
N2 genes of COVID-19 in waterwaste (CG/L). The measure methodology is aimed at
detecting the virus nucleocapsid by RT-qPCR once a week (Ellis et al., 2021).

Figure 1. Map of Baix Llobregat, Catalonia, Spain.
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Note: The map illustrates the location of the Baix Llobregat in the Catalonia area, Spain.

The yellow-filled area is Sant Feliu de Llobregat, the capital of the council.

Variables and Statistical Methods.

COVID-19 dynamics include the following epidemiological variables:

=  Cumulative incidence: epidemiological variable computed as new cases over free-
disease population for 14 days.

= Ro: Basic reproduction number (Ro).

=  Confirmed cases: Confirmed cases for COVID-19 by PCR or rapid antigen test.

= RAT cases: COVID-19 new cases confirmed by rapid antigen test (RAT) in serological
samples of patients.

= %PCR-RAT positives: number of positive cases by PCR test or RAT over the total people
tested.

= Total Hospitalized: Hospitalized patients in care centres.
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= Total Critical Healthcare: patients in intensive care within healthcare centres.

= Recovered Patients: People who do not have symptoms of COVID-19 and have
overcome the disease.

The linear regression was used for the prediction of Genes N1 and N2 using independent

variables of COVID-19 contagion in Baix Llobregat. Then, each highest association

variable was analysed by a multiple linear regression model. The significance level

considered was p-value <0.05 for both linear regressions. In addition, the SARS-CoV-2

load in wastewater was graphically compared with surveillance indicators of infection.

Statistical data was performed in RStudio (v 4.0.2).

RESULTS AND DISCUSSION

Results.

Simpler linear regression was performed to study the relation of N1 and N2 COVID-19

genes in wastewater. Linear regression between N1 and N2 COVID-19 genes shows a high

correlation for 2020 (R?: 0.87) and 2021 (R?: 0.95). Both variables reveal acceptance of

the alternative hypothesis with a p-value <0.05. However, the linear regression for 2022

had no significant p-values. Perhaps, the high COVID-19 cases and the high weekly

variance in 2022 affected the linearity between the N1 and N2 genes.

Figure 1. Simpler linear regression between N1 and N2 COVID-19 genes in water

treatment plant for 2020-2022.
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Figl. Simpler linear regression was performed for N1 and N2 genes in wastewater (blue
line). The analysis was segmented by year to provide insights into the relationship
between the variables. The different colours show the time series for 2020 (red), 2021

(green) and 2022 (blue). The size of circles is the number of COVID-19 cases.
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Table 1 shows the output of simpler linear regression between concentration of N1 Genes
in water treatment plant and epidemic indicators of COVID-19 in Baix Llobregat. Simpler
Linear Regression reveals statistical significance for 7 of 9 variables studied for 84. Thus,
cumulative incidence (R%: 0.1804), confirmed cases (R?:0.1387) and %PCR-RAT Positive

(R?:0.1393) have the most values for R-Squared.

Table 1. Prediction of N1 genes of COVID-19 in water treatment plant of Baix Llobregat in
period 2020-2022.

Variable R? Bo B1
cumulative
incidence (14 days) 0.1804 25387.97 (p-value:0.19) 69.00 (p-value: 1.3e-05)
Ro 0.002011 91749 (p-value:0.104) -19674(p-value: 0.661)
Confirmed cases 30964.880 (p-value: .
0.1387 0.119272) 14.204 (p-value:0.000159)
PCR Cases -7716.72 (p- .
0.1188 value:0.779194) 111.93 (p-value:0.000511)
TAR Cases 40355.543 (p- .
0.1249 value:0.035848) 14.352 (p-value:0.000357)
%PCR-TAR Positi
%PC OSIVES 11393 -23326 (p-value:0.422898) 9274 (p-value:0.000154)

Total Hospitali
st ol zee 01039  -19901.1 (p-value: 0.53307)  1099.0 (p-value:0.00121)

Total Critical
Healthcare 0.01476 34392 (pp-value:0.313) 3673 (p-value:0.233)

Recovered patients 11618 60522.0 (p-value: 0.0258) 6011 (p-value:0.6768)

Table 2 illustrate the output of simpler linear regression between concentration of N2
Genes in water treatment plant and epidemic indicators of COVID-19 at the Baix
Llobregat. Simpler Linear Regression reveals statistical significance for 3 of 10 variables
studied for N2 gen in wastewater. In this case, %PCR-RAT Positive (R*:0.2553), PCR Cases
(R?:0.08098) and Total Hospitalized (R%:0.05281) have the most values for R-Squared in

simpler linear regression.
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Table 2. Prediction of N2 genes of COVID-19 in water treatment plant of Baix Llobregat in

period 2020-2022.

Variable R?

Cumulative
incidence (14  0.02429
days)
Ro 0.002991
Confirmed cases 0.03133
Confirmed  case 003133
rate
PCR Cases 0.08098
TAR Cases 0.02068
0, -
A)PC.B RAT 0.2553
Positives
Total Hospitalized 0.05281
Total Critical
Healthcare 0.001602
R

ecovered -0.008961
patients

By

37083.53 (p-value: 0.0162)

27643 (p-value: 0.509)
35103.277 (p-value: 0.0234)

35103.28 (p-value: 0.0234

4175.88 (p-value: 0.8364)
40392.433 (p-value: 0.00619

-40402 (p-value: 0.0423)

3990.7 (p-value: 0.8659)

40440.1 (p-value: 0.103)

54118.9 (p-value: 0.00553)

B

21.61 (p-value: 0.1358)

17945(p-value: 0.603)
6.204 (p-value: 0.0896)

51.90 (p-value: 0.0896)

67.17 (p-value: 0.0057)
5.379 (p-value: 0.1691)

9311 (p-value: 2.39e-07)

567.7 (p-value: 0.0267)

852.3 (p-value: 0.703)

-438.3 (p-value: 0.66987)

Multiple linear regression between the concentration of N1 Genes in the water treatment

plant and epidemic indicators of COVID-19 was performed using the highest indicators

performance for COVID-19 in the computed simpler linear regression (Table 2). The

indicators selected in the model have the major performance for the prediction of N1

gene concentration. Approximately 64% of the independent variables could explain the

trend of the dependent variable. For the case of N2 genes, approximately 58% of the

independent variables could explain the trend of the dependent variable.

Table 3. Relation between N1 genes of COVID-19 in wastewater and epidemiological

indicators by multiple linear regression.

Variables

N1 (CG/L) in waterwaste
N2(CG/L)
Cumulative
(14 days)
Adjusted R-squared

incidence

N2 (CG/L) in waterwaste
N1 (CG/L)
% PCR-TAR Positives

Adjusted R-squared

B Standard Error P-value
9.574e-01 9.273e-02 < 2e-16
7.473e+01 1.286e+01 9.21e-08

0.6364
4.198e-01 5.044e-02 8.81e-13
5.179e+03 1.354e+03 0.000241
0.5792
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The time series of N1 and N2 genes concentration in wastewater are shown in figure 2.
The Peak in cumulative cases and %PCR-RAT positive in July 2021 and January 2022 are

related to an increase in N1 and N2 gene concentration.

Fig 2. Gene virus concentration and epidemiology indicators for COVID-19 in time series

2020-2022 at the Baix Llobregat.
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Note: All graphs show the time series of COVID-19 dynamics and genes in water waste
for the Baix Llobregat in 2020-2022. The epidemiological indicators computed with
better performance in linear regression (table 1 and 2) were selected for time series

. The datais represented as weekly values. A: Gene N1 (CG/L). B: Gene N2 (CG/L).
C: Cumulate Incidence in 14 days. D: %PCR-RAT positive. Blue smooth line show LOESS

trend in time series.

DISCUSSIONS.

The COVID-19 pandemic has caused a series of challenges worldwide to control its
spread. A matter of interest has been the research for predictors or molecules in the
environment that allow predicting increases in cases. Several studies have reported the
detection of SARS-CoV-2 RNA in wastewater with increases in local incidence (Bivins et
al., 2020; Larsen & Wigginton, 2020; Zhang et al., 2020). Regarding the models, some

investigations concluded that linear correlation explains the relationship between the
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concentration of genes in wastewater and the incidence of COVID-19 in determined
cases. (Petala et al., 2022). Other studies have shown a similar or even higher correlation
between new cases and concentrations of COVID-19 genes in wastewater both in Spain
and other European cities (Koureas et al., 2021; Vallejo et al.,, 2022). The positive
correlation between genes N1 and N2 in wastewater provides important information as
a positive control mechanism. Furthermore, serious consideration needs to be given to
biological viability because factors such as distance travelled, time in the sewer network,
the composition of wastewater, collection methods and laboratory measurement affect
RNA decomposition. Another factor to consider is that both symptomatic and non-
symptomatic infected could excrete COVID-19 viral load. These factors could increase or
decrease the concentration of viral RNA in wastewater. To sum up, RNA measurement in
waterwaste offers a moderate or high relationship with incidence but it is difficult to
generalize methods to understand the exact number of infected people from the
concentration of RNA in waterwaste.

In our research, the Ro number, critical healthcare and recovered patients showed low
relation with genes N1-N2 in wastewater. The proposed models are only applicable to
the Baix Llobregat area, although they could be adapted to other regions. The wastewater
data would be convenient to verify the reliability of epidemiological trends obtained from
diagnosed cases. Perhaps, the measurement of COVID-19 in wastewater at institutions
such as hospitals, schools or residences will provide interesting information on the local
epidemiological situation.

Much more research is needed to understand how SARS-CoV-2 detected in wastewater
is related to COVID-19 transmission. In our case, we cannot rule the concentration of
genes in wastewater has a proportional ratio with the number of COVID-19 cases.
Limitations

The current research was limited to a single council using just one wastewater plan
treatment. Expanding the study areas can provide valuable information and it would
generalize the hypothesis of the study. In addition, this study does not consider
asymptomatic cases that could increase the viral load in wastewater. Therefore, this
would be a measurement bias of the epidemiological variables for instance cumulative

incidence, PCR cases or critical healthcare patients.

Ciencia Latina Revista Cientifica Multidisciplinar, Ciudad de México, México.
ISN 2707-2207/ISSN 2707-2215 (en linea),noviembre-diciembre, 2022, Volumen 6, Nimero 6 p 258




Avyala-Aldana, Monleon-Getino y Canela-Soler

External climatic conditions, such as humidity, temperature, and environmental

pollution, could be studied to assess their impact on the concentration of the virus in

wastewater. Regarding the characteristics of wastewater, other factors such as the length
of the watercourse, salts in water or other biological forms affect the genetic availability
of the virus.

CONCLUSIONS

Our results reveal that the measurement of capsid protein RNA material in wastewater

and classical epidemiological indicators of COVID-19 are related in a linear regression

model. The detection of the N1 gene is highly related to the N2 gene in wastewater. In
combination, the two COVID-19 RNA metrics provided complementary insights into
epidemiological dynamics.

Finally, in this study, the major predictors to explain the concentration of COVID-19 in

wastewater were the cumulative incidence of fourteen days and the positivity of the PCR-

RAT test. Other epidemiological variables such as the number of critical healthcare, Ro

and recovered patients revealed a low correlation with COVID-19 RNA in wastewater.
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