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A R T I C L E  I N F O  ABSTRACT 

ORIGINAL  ARTICLE 
 Introduction: Analyzing municipal wastewater for the presence of SARS-

CoV-2 RNA serves as a cost-effective and timely tool for epidemiological 

surveillance to mitigate virus-related health risks. Therefore, this study 

assessed the presence of SARS-CoV-2 RNA in untreated hospital wastewater 

and its correlation with COVID-19 case numbers over six months at 

Shahidzadeh Hospital in southwest Iran.  

Materials and Methods: In this analytical investigation, a total of 24 grab 

samples of untreated hospital wastewater were systematically collected over 

six months, spanning from September 2020 to February 2021. Each sample 

was subsequently processed and analyzed using a reverse transcription 

quantitative polymerase chain reaction (RT-qPCR) approach, with specific 

amplification targeting both the RNA-dependent RNA polymerase (RdRp) 

gene and the nucleocapsid (N) gene of SARS-CoV-2. 

Results: All 24 wastewater samples tested positive for SARS-CoV-2 RNA. 

Concentrations ranged between 130 to 490 gene copies/100 mL, with mean 

values increasing from 247 (September) to 425 (February). RNA levels were 

strongly correlated with hospitalized COVID-19 cases (Spearman’s p < 0.05, 

R² = 0.87).  

Conclusion:  These findings highlight the value of hospital wastewater 

surveillance as a cost-effective epidemiological tool, particularly in settings 

with limited diagnostic capacity. Future research should investigate viral 

viability and optimize disinfection strategies to reduce potential environmental 

risk. 
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Introduction  

Among coronaviruses, only a limited number 

are known to infect humans and often cause 

respiratory issues. These viruses primarily lead to 

mild upper respiratory tract infections, with severe 

cases being uncommon and typically observed in 
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infants, young children, and elderly individuals 
1
. 

SARS-CoV-2 is classified within the Beta 

coronavirus genus as part of the Middle East 

respiratory syndrome-related coronavirus species 
2
. 

The illness caused by SARS-CoV-2 is referred to 

as Coronavirus Disease 2019 (COVID-19) 
3
. 

SARS-CoV-2 presence in indoor air, wastewater, 

and environmental surfaces 
4-6

. Both the virus and 

its genetic material are excreted through bodily 

fluids, such as saliva, sputum, and feces, which 

eventually find their way into wastewater 
7
. 

Previous studies have indicated that SARS-CoV-2 

is unlikely to be transmitted via wastewater 

because of the absence of infectious virus particles, 

wastewater remains a valuable tool for 

epidemiological monitoring 
3
. The virus has been 

found to remain viable on different surfaces for 

periods between 3 and 14 days 
8, 9

. Additionally, 

SARS-CoV-2 has half-lives between 1.7 and 2.7 

days at 20°C, which decrease significantly at 

higher temperatures, such as 40°C 
10, 11

. The RNA 

of SARS-CoV-2 has been identified in human 

stool samples and subsequently in wastewater from 

municipal and healthcare facilities 
12,13

. A 

comprehensive review of the presence of viruses in 

water and wastewater suggests that while RNA can 

be detected, the infectious potential in such media 

remains unclear, necessitating further research to 

understand its survivability 
14

. Coronaviruses can 

persist in wastewater environments for several 

hours up to 2 days at ambient temperatures, 

depending on environmental conditions 
15,16

. 

Wastewater has been identified as a potential 

source of SARS virus transmission 
17, 18

. One 

recent report speculated that COVID-19 

transmission might occur through a building's 

wastewater collection system, although this 

hypothesis has not yet been substantiated 
19, 20

. 

Disinfection of municipal wastewater is effective 

for virus elimination 
21

. In many developing 

countries, hospitals discharge untreated wastewater 

into the environment because of a lack of adequate 

treatment facilities 
22

. Given the limited evidence 

of SARS-CoV-2 presence in hospital wastewater, 

this study aimed to evaluate the relationship 

between SARS-CoV-2 RNA levels in wastewater 

and the number of hospitalized COVID-19 cases. 

This approach highlights the potential of 

wastewater-based epidemiology (WBE) as a 

valuable public health tool, particularly in clinical 

settings with limited diagnostic tests. So far, 

various studies have reported that SARS-CoV-2 

RNA virus is present in various municipal and 

hospital wastewaters. (e.g., Italy 
23

, Spain 
24

, 

Netherlands 
25

, Australia 
6
, India 

26
, and Iran 

27
), 

confirming the feasibility of WBE. Implementing 

WBE in low- and middle-income countries faces 

important challenges, including the high costs of 

advanced molecular methods, lack of standardized 

protocols, limited laboratory infrastructure, and 

variable wastewater treatment practices. These 

constraints highlight the importance of evaluating 

simpler and more cost-effective surveillance 

strategies, particularly in high-prevalence settings 

such as hospitals and nursing homes. Addressing 

these challenges provides a rationale for the 

present study. However, little is known about 

hospital wastewater, which may show higher viral 

loads due to concentrated patient shedding of the 

virus. The central question of this study is not 

simply whether SARS-CoV-2 RNA levels 

correlate with clinical cases but whether such a 

correlation can be reliably detected using a low-

cost surveillance approach in a high-prevalence 

hospital setting. Demonstrating feasibility under 

these conditions is important for establishing 

wastewater-based monitoring as a practical 

complement to clinical surveillance in resource-

limited settings. It should be noted that the type 

and dosage of disinfectants can significantly affect 

the persistence and detectability of viral RNA in 

wastewater. Residual disinfectants, such as 

chlorine-based compounds or peracetic acid, may 

accelerate RNA degradation, whereas insufficient 

or irregular application can allow viral fragments 

to persist. In our study, since the hospital 

wastewater was discharged without chemical 

treatment, the direct effect of disinfectants on 

SARS-CoV-2 RNA was not assessed. 

Nevertheless, future research should systematically 

investigate this issue by combining (i) controlled 

laboratory experiments with different disinfectant 
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types and doses, (ii) field comparisons of treated 

and untreated effluents, and (iii) monitoring of 

residual disinfectant concentrations alongside viral 

RNA quantification. Such efforts would clarify 

how disinfection practices influence wastewater 

surveillance outcomes and the associated 

environmental risks. 

Materials and Methods 

Study area 

Shahidzadeh Hospital, situated in Behbahan city 

of Khuzestan Province, represents one of the 

principal referral and treatment centers for 

COVID-19 in Iran during the pandemic. This 

medical facility, with a capacity of approximately 

178 active beds, has played a pivotal role in the 

timely diagnosis, hospitalization, and management 

of individuals infected with SARS-CoV-2. Data on 

patient numbers and related clinical activities were 

systematically obtained from the Vice-Chancellor 

of Treatment at Jundishapur University of Medical 

Sciences, which officially oversees healthcare 

services in the region. Since the initial emergence 

of COVID-19 cases in Iran, this hospital alone has 

provided diagnostic evaluation and therapeutic 

interventions for more than 2300 confirmed 

patients, thereby contributing significantly to 

regional pandemic control efforts. Furthermore, 

Shahidzadeh Hospital generates an estimated 500 

liters of wastewater per day. This effluent, which 

potentially contains pathogenic microorganisms 

and chemical residues, is currently discharged into 

the surrounding environment without undergoing 

any preliminary treatment or disinfection. Such 

direct disposal not only contravenes national 

environmental protection standards and public 

health guidelines but also highlights an urgent need 

for implementing sustainable wastewater treatment 

strategies to mitigate possible ecological and 

epidemiological risks. 

Sample Collection 

As presented in Table 1, a total of 24 untreated 

hospital wastewater samples were systematically 

and consistently collected throughout the study, 

with exactly four representative samples obtained 

during each month over the six-month period 

extending from September 2020 through February 

2021. In order to accurately capture temporal 

variability while at the same time maintaining 

strict comparability between individual sampling 

events, the sampling days were very carefully 

scheduled at regular and pre-defined intervals of 

approximately seven days, corresponding to one 

sample per week within each month of the study 

duration. This deliberate and structured approach 

was specifically intended to provide a 

comprehensive and representative overview of 

monthly wastewater trends while simultaneously 

minimizing potential bias or uncertainty that could 

otherwise arise from short-term or episodic 

fluctuations in the overall composition of hospital 

effluent. Grab samples were manually obtained in 

the field following strict and well-documented 

aseptic procedures, using only pre-cleaned and 

sterile 1-liter Nalgene bottles that were completely 

filled at the time of collection in order to maintain 

consistent sampling volumes and to prevent any 

potential headspace contamination or unintended 

exposure to the external environment. In this 

investigation, no automated sampler or mechanical 

device was employed at any stage, and reliance on 

direct manual collection was intentionally chosen 

to allow closer supervision and more precise 

control of sample handling and transfer, thereby 

ensuring that each individual sample was obtained 

under highly comparable and reproducible field 

conditions. Sampling was consistently performed 

during dry daytime hours, a deliberate and 

precautionary choice intended to avoid any 

possible dilution effects that could be associated 

with rainfall events, stormwater inflow, or other 

irregular hydrological inputs. Furthermore, 

normalization for flow rate or precipitation was not 

considered necessary within this research 

framework, since the hospital wastewater system 

under investigation exhibited relatively stable 

discharge patterns throughout the period of 

interest, and the study interval coincided with a 

season characterized by minimal and infrequent 

rainfall. This combination of stable flow and dry 

weather conditions effectively reduced 

confounding variability and strengthened the 
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reliability of the dataset generated during the six-

month monitoring program 
28

. The samples were 

analyzed in the virology laboratory. 

SARS-CoV-2 RNA Detection 

In this investigation, samples were processed 

directly for RNA extraction without any prior 

concentration step. This choice was based on two 

considerations: (i) untreated hospital effluent was 

presumed to contain high viral loads because of the 

dense presence of symptomatic patients, and (ii) 

one of the study aims was to assess the practicality 

of a simplified and low-cost monitoring strategy 

suitable for environments with limited resources. 

Although skipping concentration may have 

lowered recovery efficiency, this trade-off was 

accepted in order to maintain RNA integrity and to 

minimize losses caused by additional handling. 

RNA was extracted manually from the prepared 

solution. For this purpose, 200 μl of each sample 

was separated, and viral RNA was isolated using 

the SinaPure™ Viral RNA Extraction Kit 

(Sinaclon, Iran; Cat. No. EX6101) 
29

 following the 

manufacturer’s protocol. The final elution volume 

was 50 µL, and no automated extraction system 

was utilized. Subsequent RT-qPCR analysis was 

carried out with the PishtazTeb COVID-19 One-

Step RT-qPCR Kit (Cat. No. PT-COVID19) 
29, 30

. 

Each 20 µL reaction mixture was prepared with 5 

µL of RNA template, 10 µL of master buffer, 1 µL 

enzyme mix, 1 µL RdRp/N primer-probe set, 1 µL 

of RNase P primer-probe set (internal control), and 

2 µL of RNase-free water. Strict quality assurance 

measures were applied, including negative 

extraction controls, no-template controls, and use 

of RNase P as an internal amplification control to 

detect PCR inhibition. All reactions were 

performed in duplicate, and assays with 

inconsistent Ct values were repeated. Primers and 

probes for the RdRp and N genes were verified 

against a reference RNA control to ensure 

specificity. Viral RNA detection was performed 

using a Light Cycler real-time PCR system (Roche, 

Germany). Quantification was based on Ct values, 

with Ct < 40 regarded as positive. Viral copy 

numbers were determined per 100 mL of 

wastewater using the standard curve method. The 

kit employed a dual-target approach covering 

conserved regions of both RdRp and N genes, and 

included internal probes for RNase P. Fluorescent 

signals were monitored through the FAM, HEX, 

and ROX channels for RdRp, N, and RNase P, 

respectively. Thermal cycling involved the 

following steps: reverse transcription for 20 

minutes at 50 °C, initial denaturation for 3 minutes 

at 95 °C, and 45 amplification cycles, each 

consisting of 10 seconds of denaturation at 94 °C 

and 40 seconds of 

annealing/extension/fluorescence detection at 55 

°C. The assay ended with a cooling phase of 10 

seconds at 25 °C. A sample was considered 

positive when its amplification curve crossed the 

threshold with a typical sigmoidal shape across all 

three channels 
30

. For each sampling time, one grab 

sample was collected, while RNA extraction and 

RT-qPCR runs were performed in duplicate to 

confirm reproducibility of results. 

Statistical Analysis 

The relationship between SARS-CoV-2 RNA 

concentrations in untreated wastewater and the 

number of COVID-19 cases was assessed using 

Spearman’s rank correlation test in SPSS version 

22 
31

. To further explore this relationship, linear 

regression analyses were also conducted. The 

regression model produced an R² value of 0.87, 

demonstrating a strong association between case 

numbers and RNA levels. Additional validation 

with Mann–Whitney U tests revealed statistically 

significant differences (p < 0.05) between viral 

RNA concentrations measured during periods of 

high versus low patient counts. 

Results 

Patients with COVID-19  

The number of patients diagnosed with COVID-

19 and receiving hospital-based treatment during 

the monitoring period is illustrated in Figure 1. 

This figure provides a clear representation of 

monthly variations in patient admissions, allowing 

for a direct comparison with the corresponding 

wastewater surveillance data obtained in the study. 
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Figure 1: Temporal variation in the number of hospitalized COVID-19 patients. 

 

As illustrated in Figure 1, the month of February 

recorded the highest number of hospitalized 

COVID-19 patients compared to all other months 

within the study period. This temporal pattern 

corresponded closely with the sixth nationwide 

wave of coronavirus cases in Iran, which extended 

from November through February and was 

characterized by a sharp escalation in overall 

infection rates. Conversely, the lowest number of 

patients receiving hospital-based treatment was 

documented in September, reflecting a relative 

decline in disease prevalence at the beginning of 

the monitoring period. These contrasting trends 

highlight the clear seasonal and epidemic-related 

dynamics of COVID-19 burden during the study 

timeframe. 

SARS-CoV-2 RNA Concentration  

Data related to the exact sampling dates, together 

with the corresponding quantitative measurements 

of SARS-CoV-2 RNA concentrations, are 

comprehensively summarized in Table 1. This 

table provides a structured overview of the 

temporal distribution of samples and their 

associated viral RNA levels, thereby facilitating 

interpretation of patterns and comparison across 

the study period. 

Table 1: Sampling date, RNA concentration, and standard error  

Month Sample ID Sampling Date 
RNA Concentration 

(Gene copies/100ml) 

Standard Error 

(SEM) 

September 
 

1 9/2 330 12.1 
2 9/10 320 11.8 
3 9/16 130 8.6 
4 9/23 210 10.3 

October 
 

5 10/7 360 13.4 
6 10/14 290 12.0 
7 10/20 220 9.7 
8 10/29 250 10.2 

November 
 

9 11/4 390 14.1 
10 11/13 320 12.6 
11 11/20 330 11.5 
12 11/28 390 14.3 

December 
 

13 12/3 390 13.9 
14 12/10 230 10.7 
15 12/18 310 12.1 
16 12/26 260 11.2 

January 
 

17 1/5 320 11.6 
18 1/13 490 15.2 
19 1/20 370 13.7 
20 1/27 480 14.9 

February 
 

21 2/3 410 13.4 
22 2/12 460 14.6 
23 2/19 350 12.9 
24 2/26 480 14.8 
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As presented in Table 1, SARS-CoV-2 RNA 

was consistently detected across all wastewater 

samples analyzed during the six-month 

monitoring period. The calculated mean 

concentrations of viral RNA in September, 

October, November, December, January, and 

February were 247, 280, 332, 357, 415, and 425 

gene copies per 100 milliliters, respectively. 

Among these values, the lowest average 

concentration was recorded in September, 

whereas the highest concentration occurred in 

February, reflecting a nearly twofold increase 

over time. The results demonstrated a progressive 

and continuous rise in SARS-CoV-2 RNA levels 

throughout the study duration, which paralleled 

the gradual increase in the number of hospitalized 

COVID-19 patients. This association became 

particularly evident during the sixth national 

wave of infections in Iran, spanning from 

November to February, when both wastewater 

viral concentrations and hospital admissions 

reached their maximum levels. The temporal 

alignment between wastewater RNA 

concentrations and the abundance of patients 

admitted with COVID-19 is clearly illustrated in 

Figure 2, emphasizing the strong epidemiological 

linkage between environmental viral signals and 

clinical case trends. 

 

 
Figure 2: Temporal relationship between RNA concentrations and the number of patients. 

 

Table 2 provides a comprehensive summary of 

the outcomes obtained from the statistical analyses 

performed in this study. The results demonstrated a 

clear and statistically significant relationship 

between SARS-CoV-2 RNA concentrations 

measured in untreated hospital wastewater and the 

number of patients hospitalized with COVID-19 

during the same period. Specifically, correlation 

analysis using Spearman’s rank test revealed a 

strong positive association (Spearman’s r = 0.76, p 

< 0.05), confirming that higher RNA levels in 

wastewater were consistently aligned with 

increased patient admissions. In addition, linear 

regression modeling further supported this 

relationship, showing a robust predictive 

association with a high coefficient of determination 

(R² = 0.87, p < 0.05). These findings collectively 

reinforce the reliability of wastewater-based 

monitoring as an effective epidemiological tool, 

demonstrating its ability not only to reflect real-

time clinical trends but also to provide quantitative 

insight into the scale of infection within the studied 

population. 
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Table 2:  Results of Statistical Analyses and Correlation Assessments 

Statistical Test Parameters Analyzed 
Test 

Statistic / R² 

p-

value 
Interpretation 

Spearman 

correlation 

RNA concentration vs. number of 

patients 
r = 0.76 

p < 

0.05 

Positive correlation 

Linear 

regression 

RNA concentration vs. number of 

patients 
R² = 0.87 

p < 

0.05 

High capability of patient numbers 

on RNA concentrations 

Mann–Whitney 

U test 

RNA concentrations in low-patient 

vs. high-patient periods 
U = 32 

p < 

0.05 

Significant difference between 

groups 

 

Discussion 

During the study period, the concentration of 

SARS-CoV-2 RNA detected in untreated hospital 

wastewater demonstrated a clear upward trend, 

which closely paralleled the increasing number of 

hospitalized COVID-19 patients. Since the 

emergence of the SARS-CoV-2 pandemic, 

numerous studies have investigated the occurrence, 

persistence, and detectability of viral RNA in 

aquatic systems and wastewater environments, 

emphasizing its potential value as an indicator of 

community infection dynamics. The present study 

was designed with a specific focus on the systematic 

detection of SARS-CoV-2 RNA in wastewater 

collected from a hospital exclusively dedicated to 

the treatment of COVID-19 patients. In addition to 

quantifying viral RNA, the study aimed to evaluate 

the temporal association between wastewater viral 

load and the number of patient admissions, thereby 

exploring the applicability of wastewater-based 

epidemiology in a healthcare setting. Marked 

variations in RNA concentrations were observed 

across different sampling periods, reflecting both 

temporal fluctuations in patient numbers and 

broader epidemic trends. These findings underscore 

the utility of wastewater surveillance as a 

complementary and cost-effective approach to 

traditional clinical testing, offering an independent 

means of monitoring viral circulation at the 

population level. Moreover, by integrating 

environmental measurements with hospital 

admission data, the study highlights the potential of 

wastewater monitoring systems to provide early-

warning signals and strengthen public health 

decision-making frameworks 
32, 33

. In contrast, a 

survey in Japan did not identify any SARS-CoV-2 

RNA in five untreated wastewater samples 
34

. On 

the other hand, La Rosa et al. reported the presence 

of the virus in 6 out of 12 wastewater samples in 

Italy, though the concentration ranges were not 

specified 
23

. Similarly, a Dutch investigation found 

SARS-CoV-2 RNA in 12 of 24 untreated 

wastewater samples (50%), with values ranging 

from 2600 to 22,000 gene copies per 100 mL 
35

. In 

Australia, Ahmed and colleagues detected SARS-

CoV-2 RNA in 22% of tested samples, with 

concentrations between 190 and 1200 gene copies 

per 100 mL 
6
. Randazzo et al. documented the virus 

in 83% of wastewater samples from Spain, reporting 

concentrations ranging from 140,000 to 340,000 

gene copies per 100 mL 
24

. In the United States, 

viral RNA was identified in 28.5% of the samples, 

with concentrations between 3100 and 7500 gene 

copies per 100 mL 
28

. Wurlitzer et al. found that six 

out of eight analyzed samples contained SARS-

CoV-2 RNA; however, the viral load was markedly 

lower in treated samples compared with untreated 

ones 
36

. Evidence from several developing nations 

has also confirmed the detection of SARS-CoV-2 

RNA in raw wastewater, supporting its use as a 

surveillance tool in areas with limited infrastructure. 

In India, Kumar et al. reported viral RNA in 

wastewater from Ahmedabad, ranging between 

2400 and 4100 gene copies per 100 mL, with levels 

corresponding to the number of local COVID-19 

cases 
26

. In Pakistan, Sharif et al. applied the polio 

environmental surveillance platform and identified 

SARS-CoV-2 RNA in 27% of samples, particularly 

in regions with a heavy disease burden 
37

. In Iran, 

Tanhaei et al. detected viral RNA in wastewater 

collected from Tehran, with concentrations varying 

from 718 to 1090 gene copies per 100 mL 
38

. In 

Egypt, Mohamed et al. found SARS-CoV-2 RNA in 

62% of samples, mostly from densely populated 
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urban settings 
39

. In Romania, Ioana et al. 

demonstrated that RNA concentrations in 

wastewater correlated directly with the number of 

infections 
40

. Studies carried out in Qatar and Brazil 

also verified the presence of SARS-CoV-2 RNA in 

untreated sewage, with results showing consistency 

with reported COVID-19 cases 
41, 42

. These 

comparative results confirm the utility of 

wastewater surveillance in diverse settings and 

support the consistency of our findings. 

Additionally, clinical case data in this study showed 

a strong correlation (Spearman’s p<0.05, R²=0.87) 

with viral loads in wastewater, reinforcing the 

potential of hospital wastewater surveillance as a 

complementary approach to traditional clinical 

surveillance systems. An important observation of 

the present research was that SARS-CoV-2 RNA 

remained detectable in samples, despite routine 

internal surface disinfection practices. This is 

explained by the continuous shedding of viral 

particles and RNA fragments in the feces, urine, 

sputum, and other bodily fluids of infected patients, 

which directly enter the wastewater stream 

regardless of surface cleaning. From an 

environmental perspective, this persistence 

highlights the limited effect of local disinfection 

measures on wastewater viral loads and underscores 

the value of wastewater-based surveillance for 

capturing signals of community infection that would 

otherwise be missed by surface hygiene practices. 

This finding strongly supports the main conclusion 

that wastewater monitoring, even with simplified 

methods, can serve as a complementary tool for 

clinical surveillance by providing a more integrated 

signal of ongoing viral shedding within healthcare 

facilities. Our findings highlight that even with 

simple, low-cost sampling and RT-qPCR methods, a 

consistent correlation between wastewater viral 

RNA and hospital admissions can be detected in 

high-prevalence environments. This emphasizes the 

practical value of wastewater surveillance, 

especially in areas where clinical testing resources 

are limited. Detected SARS-CoV-2 RNA in this 

study (130–490 gene copies/100 ml) fell within the 

lower to mid-range of values reported globally 
39, 40

. 

Differences in the reported concentrations across 

studies can be attributed to variations in population 

density, detection methods, and wastewater 

characteristics. Disparities in the results of these 

studies can be attributed to variations in 

methodologies, including viral RNA detection 

techniques, RNA extraction protocols, sampling 

strategies, and RT-qPCR methods. Although the 

concentrations observed in this study are relatively 

modest compared to some international reports, they 

may reflect the specific characteristics of hospital 

wastewater, including a high proportion of 

symptomatic COVID-19 patients, low dilution, and 

limited exposure to disinfectants. It should be noted 

that direct comparison of our RNA concentration 

values with those reported in other studies should be 

interpreted with caution. In contrast to these studies, 

we did not apply a sample concentration step before 

RNA extraction. Consequently, our reported viral 

load values may underestimate the absolute 

concentrations and are not strictly comparable 

across studies. Our primary aim was to demonstrate 

the feasibility of detection using a simplified 

approach rather than providing directly comparable 

quantitative values. The samples were collected 

from the hospital wastewater outlet, where the 

wastewater produced by COVID-19 patients was 

proportionally higher than that produced by healthy 

individuals. The relatively high viral RNA 

concentrations observed in this study may be 

attributed to the untreated nature of the hospital 

effluents, where short hydraulic retention time, 

minimal solids retention, absence of settling, and 

lack of chemical disinfectant exposure prevented 

significant viral RNA reduction, unlike in studies 

analyzing treated municipal wastewater 
43, 44

. The 

presence of SARS-CoV-2 RNA in hospital 

wastewater strongly reflects localized viral 

shedding, particularly from symptomatic or severely 

affected patients, and highlights the role of 

healthcare-based surveillance as an early warning 

system. While these data provide critical insights 

into localized outbreaks, direct scalability to 

community-wide monitoring requires additional 

sampling points from municipal wastewater 

systems. Nevertheless, hospital-based surveillance 

could serve as an early warning tool for localized 
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infection spikes, particularly in regions with limited 

access to mass testing, thus complementing broader 

community-monitoring strategies. In addition to 

methodological differences, environmental and 

health-related factors may influence the persistence 

of SARS-CoV-2 RNA in wastewater. Temperature, 

pH, hydraulic retention time, and the presence of 

disinfectants have been shown to affect the stability 

of viral RNA in aquatic environments 
45

. These 

aspects suggest that the relatively high RNA 

concentrations in untreated hospital effluents may 

reflect both concentrated viral shedding and 

favorable conditions for RNA to remain stable. 

RNA fragments can persist in wastewater even 

when the virus is no longer capable of causing 

infection, which is an important limitation in 

interpreting the public health risks of such findings. 

This study had some limitations. First, the viability 

and infectivity of the detected SARS-CoV-2 RNA 

in wastewater samples were not assessed 
3
. Second, 

clinical viral load data from individual patients were 

not available for direct comparison with the viral 

concentrations in wastewater 
13

. Third, 

environmental factors such as temperature, pH, 

suspended particles (which may provide a protective 

layer enhancing viral persistence), and residual 

disinfectants in wastewater were not systematically 

evaluated in the studies. These parameters can 

strongly influence viral RNA stability and should be 

considered in future investigations to better 

understand the environmental behavior and public 

health implications of SARS-CoV-2 in wastewater 

treatment. 

Conclusion  

The present investigation clearly demonstrated the 

recurrent identification of SARS-CoV-2 RNA in 

raw, untreated hospital wastewater samples. A 

pronounced and statistically meaningful correlation 

was established between the measured 

concentrations of viral RNA and the number of 

patients admitted with confirmed COVID-19 

infection during the same period. These outcomes 

reinforce the concept that wastewater-based 

epidemiology, specifically when conducted in 

healthcare facilities, represents a practical, reliable, 

and comparatively inexpensive strategy for 

tracking local transmission dynamics. Such an 

approach becomes particularly valuable in regions 

with limited laboratory infrastructure and 

insufficient access to large-scale diagnostic testing, 

as it provides an indirect yet robust indication of 

infection prevalence .It should be emphasized, 

however, that the identification of RNA fragments 

does not necessarily confirm the presence of viable 

or infectious viral particles. Nevertheless, the 

results of this study highlight the significant 

epidemiological contribution of wastewater 

monitoring as a supportive and complementary 

system alongside conventional clinical surveillance 

programs. To further strengthen this line of 

research, future investigations are encouraged to 

examine viral infectivity in wastewater matrices, 

assess survival under diverse environmental 

conditions such as temperature, pH, and organic 

load, and evaluate the implications for potential 

health risks associated with prolonged persistence. 
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