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Despite the fact that high-quality water treatment is currently being carried out, there is a possibility that pathogens of
infectious diseases may enter a water supply network. Sanitary and virologic control of water sources and drinking water is
currently performed directly by direct detection of viruses, as well as by using indirect indicators of viral contamination,
namely, coliphages.

The aim was to study the spectrum of viruses contained in water from a centralized water supply system using labora-
tory diagnostic methods regulated to determine rated indicators.

Over 2014-2023, water samples wer e taken from a centralized water supply system (n = 2,847,568). The dynamics and
structure of water contamination with hepatitis A (HAV), Rotavirus, Enterovirus, Norovirus, Astrovirus, COVID-19 (SARs-
CoV-2) viruses, and Adenovirus in a centralized water supply system were described using classical cultural methods of
bacteriology and virology, molecular-genetic and serological methods.

The conducted research found that over 2014—-2023, the average proportion of centralized water supply samples that
did not meet sanitary and hygienic standards in the Russian Federation was 0.57 % for the presence of viruses and 0.21 %
for the presence of coliphages for the period from 2014 to 2023. The proportion of centralized water supply samples per
non-conforming Rotavirus contents was 1.41 % (95 % Cl: 1.33-1.49) (according to serological studies, 0.08 % of samples
(95 % CI: 0.06-0.10); Enterovirus, 0.71 % (95 % Cl: 0.57-0.86) (according to PCR studies, 0.37 % (95 % CI: 0.33-0.42);
Adenovirus, 0.52 % (95 % CI: 0.38-0.70); Norovirus, 0.20 % (95 % Cl: 0.16-0.24); Astrovirus, 0.14 % (95 % CI: 0.11-0.18);
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SARs-CoV-2, 0.09 % (95 % CI: 0.03-0.20); HAV, 0.2 % (95 % CI: 0.01-0.04) (according to serological studies, it was
slightly higher (0.09 % (95 % CI: 0.07-0.11). A direct strong correlation was established between the proportion of central-
ized water supply samples that did not meet sanitary and epidemiological requirements and the presence of coliphages and
pathogens of viral infections (r > 0.8); however, determination of nucleic acids in drinking water by molecular genetic

methods indicates higher prevalence of viruses as compared to classical coliphage testing.
The structure of virus contamination in water from a centralized water supply system was represented by Rotavirus
(52.6 £ 0.3 %), Adenovirus (18.8 + 0.5 %), Enterovirus (13.9 = 0.2 %), Norovirus (7.5 £ 0.1 %), Astrovirus (3.8 + 0.1 %),

and SARs-CoV-2 (3.4 = 0.2 %) over 2020-2023.

Keywords: water microflora, centralized water supply, water of centralized water supply, viruses, contamination, bio-

logical safety, adenovirus, rotavirus, enterovirus, risk factors.

Providing people with safe water is
among the most significant challenges the
global community has been facing over the
last decades [1, 2]. In the Russian Federation,
the state of centralized drinking water supply
to the population requires some specific activi-
ties aimed at improving the water treatment
system [3]. Despite the fact that high-quality
water treatment is currently being carried out,
there is a possibility that pathogens of infec-
tious diseases may enter a water supply net-
work, for example, due to wear and tear of wa-
ter distribution systems and / or accidents at
water supply networks and wastewater infil-
trating them from damaged sewage pipelines
[1,4,5].

In the Russian Federation, complex inves-
tigations of virus species prevalence in drink-
ing water are rather scarce. Some foreign re-
searchers give evidence of three enteric viruses
holding the leading place in virus contamina-
tion of drinking water, namely Adenovirus,
Rotavirus, and Enterovirus [6]. Prevalence of
adenoviruses, enteroviruses, and rotaviruses
has been shown in samples of treated drinking
water taken at water treatment facilities [6—8].
Enterovirus was found in 21 % of treated
drinking water samples in China (Wuhan)
(5/24) [6]; adenovirus was found in 20 %, en-
terovirus in 43 % and rotavirus in 23 % of tap
water samples in Pakistan [8]; in Brazil, en-
terovirus was identified in 27.4 % of water
samples, adenovirus in 23.3 % and rotavirus in
16.4 % [7]. A review made by C. Mejias-
Molina et al. (2024), covered works published

over the last five years and reported Norovirus
(0.5-6.7 %) and Hepatitis E virus (0.8 %) in
water in addition to adenovirus (1748 %),
rotavirus (1,544 %) and enterovirus
(0.9 %) [9].

Long-term studies confirm the role that
belongs to viruses in occurrence of waterborne
infections' [10]. According to the World
Health Organization data (2022), drinking wa-
ter contamination is among the most signifi-
cant risk factors of acute enteric infections
caused by Adenovirus, Rotavirus, Enterovirus,
as well as by other enteric viruses'. In some
RF regions, additional disease cases are asso-
ciated with poor drinking water quality includ-
ing non-conformity with safe standards per
microbiological indicators. In 2023, incidence
associated with poor drinking water quality
was established in 84 regions of the Russian
Federation within the range between 18.6 and
4167.7 additional disease cases per 100 thou-
sand people”.

At present, Rospotrebnadzor makes
schedules of planned monitoring examinations
aimed at establishing levels of drinking water
contamination as a risk factor of enteric viral
infections. The main aim is to prevent water-
borne infections. The present sanitary and vi-
rologic control of water sources and drinking
water relies on using indirect indicators of vi-
rus contamination such as coliphages and on
direct virus identification [5, 11]. Molecular-
genetic methods are widely used by sanitary-
epidemiological laboratories for direct identi-
fication of viruses per their genome (RNA and

"' WHO. Guidelines for drinking-water quality: fourth edition incorporating the first and second addenda. WHO, 2022,
614 p. Available at: https://www.who.int/publications/i/item/9789240045064 (October 03, 2024).

20 sostoyanii sanitarno-epidemiologicheskogo blagopoluchiya naseleniya v Rossiiskoi Federatsii v 2023 godu: Gosu-
darstvennyi doklad [On sanitary-epidemiological wellbeing of the population in the Russian Federation in 2023: the State Report].
Moscow, Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing, 2024, 364 p. (in Russian).
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DNA). In particular, polymerase chain reac-
tion (PCR) is a common method due to its
high sensitivity, availability and a possibility
to identify contamination over one day [5, 11].
Parallel PCR use and coliphage identification
in water ensure high reliability as regards es-
tablishing virus contamination in water since
they make it possible to establish epidemiol-
ogical significance of viruses identified per
their RNA and DNA [5]. At present, it is quite
relevant to investigate tap water contamination
as a health risk factor using up-to-date labora-
tory diagnostic techniques.

Given all foregoing, the aim of this study
was to examine the spectrum of viruses con-
tained in water from a centralized water supply
system (tap water) using laboratory diagnostic
methods regulated to determine rated
indicators.

Materials and methods. Over 20142023,
tap water samples (n = 2,847,568) were ana-
lyzed in accordance with the valid methodical
documents’ annually within scheduled, un-
scheduled and industrial control, sanitary-
hygienic monitoring conducted in RF regions
by Rospotrebnadzor offices. Water samples

were taken in sterile containers prior to supply
and from distribution networks for centralized
water supply in 89 regions of the Russian Fed-
eration. The samples were then delivered to
laboratories of regional Centers for Hygiene
and Epidemiology in conformity with all re-
quirements to sample delivery with prelimi-
nary concentration of viruses predominantly
using filter membranes”.

Water samples were analyzed in confor-
mity with the valid documents™ using conven-
tional bacteriological and virologic methods to
identify coliphages and enteroviruses (Entero-
virus), respectively; molecular-genetic meth-
ods to identify RNA of hepatitis A virus
(HAV), Rotavirus, Enterovirus, Norovirus
(since 2018), Astrovirus and SARs-CoV-2
(since 2018 and 2020, respectively); Adenovi-
rus DNA (since 2018); serological methods to
identify HAV and Rotavirus antigens. The tests
were conducted using tests-systems predomi-
nantly manufactured by Rospotrebnadzor’s
Central Scientific Research Institute for Epi-
demiology (AmpliSens OKI viro-screen-FLy,
AmpliSens Cov-Bat), Rospotrebnadzor’s Saint
Petersburg Scientific Research Institute of

3 MUK 4.2.3963-23. Bakteriologicheskie metody issledovaniya vody: metodicheskie ukazaniya, utv. rukovoditelem Feder-
al'noi sluzhby po nadzoru v sfere zashchity prav potrebitelei i blagopoluchiya cheloveka, Glavnym gosudarstvennym sanitarnym
vrachom Rossiiskoi Federatsii A.Yu. Popovoi 1 sentyabrya 2023 g. [MUK 4.2.3963-23. Bacteriological methods for water analy-
sis: methodical guidelines, approved by A.Yu. Popova, Head of the Federal Service for Surveillance over Consumer Rights Pro-
tection and Human Wellbeing, the RF Chief Sanitary Inspector on September 01, 2023]. KODEKS: electronic fund for legal and
reference documentation. Available at: https://docs.cntd.ru/document/1304575302 (March 27, 2025) (in Russian); MUK 4.2.1018-01.
Sanitarno-mikrobiologicheskii analiz pit'evoi vody: metodicheskie ukazaniya, utv. Glavnym gosudarstvennym sanitarnym vra-
chom Rossiiskoi Federatsii — Pervym zamestitelem ministra zdravookhraneniya Rossiiskoi Federatsii 9 fevralya 2001 g. [MUK
4.2.1018-01. Sanitary-microbiological analysis of drinking water: methodical guidelines, approved by the RF Chief Sanitary In-
spector — the First Deputy to the RF Minister of Health on February 09, 2001]. KODEKS: electronic fund for legal and reference
documentation. Available at: https://docs.cntd.ru/document/1200029648 (March 27, 2025) (in Russian).

*MUK 4.2.2029-05. Sanitarno-virusologicheskii kontrol' vodnykh ob'ektov: metodicheskie ukazaniya, utv. i vved. v deistvie
Rukovoditelem Federal'noi sluzhby po nadzoru v sfere zashchity prav potrebitelei i blagopoluchiya cheloveka, Glavnym gosudarstven-
nym sanitarnym vrachom Rossiiskoi Federatsii G.G. Onishchenko 18 noyabrya 2005 goda [MUK 4.2.2029-05. Sanitary-virologic control
of water objects: methodical guidelines, approved and enacted by G.G. Onishchenko, Head of the Federal Service for Surveillance over
Consumer Rights Protection and Human Wellbeing, the RF Chief Sanitary Inspector on November 18, 2005]. KODEKS: el ectronic fund
for legal and reference documentation. Available at: https://docs.cntd.ru/document/1200042984 (April 16, 2025) (in Russian).

>0 sostoyanii sanitarno-epidemiologicheskogo blagopoluchiya naseleniya v Rossiiskoi Federatsii v 2023 godu: Gosu-
darstvennyi doklad [On sanitary-epidemiological wellbeing of the population in the Russian Federation in 2023: the State Report].
Moscow, Federal Service for Surveillance over Consumer Rights Protection and Human Wellbeing, 2024, 364 p. (in Russian);
MUK 4.2.2746-10. Poryadok primeneniya molekulyarno-geneticheskikh metodov pri obsledovanii ochagov ostrykh kishechnykh
infektsii s gruppovoi zabolevaemost'yu: metodicheskie ukazaniya, utv. Rukovoditelem Federal'noi sluzhby po nadzoru v sfere
zashchity prav potrebitelei i blagopoluchiya cheloveka, Glavnym gosudarstvennym sanitarnym vrachom Rossiiskoi Federatsii
G.G. Onishchenko 30 sentyabrya 2010 g. [MUK 4.2.2746-10. The Procedure for using molecular-genetic methods when examining foci
of acute enteric infections with group incidence: methodical guidelines, approved by G.G. Onishchenko, Head of the Federal Service for
Surveillance over Consumer Rights Protection and Human Wellbeing, the RF Chief Sanitary Inspector on September 30, 2010].
KODEKS dlectronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/1200084387 (April 16,
2025) (in Russian).
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Epidemiology and Microbiology named after
Paster (COVID-2019 Amp), Vector-Best
JSC (VGA-antigen-IFA-BEST), BioloT LLC
(Igla MEM nutrient medium). The test results
were included in the Federal Statistical Report
Form No. 18 Data on Sanitary Situation in a
region of the Russian Federation and
No. 2.14-2.23 Data on Activities Accom-
plished by Sanitary-Hygienic, Microbiological
and Parasitological Laboratories of Centers for
Hygiene and Epidemiology. Primary data were
collected and obtained from the Rospotreb-
nadzor’s Federal Center for Hygiene and Epi-
demiology.

Water samples that did not conform to
safe standards due to containing coliphages
and viruses were denoted as ‘non-standard
samples’ (n/s)°. Test results were analyzed us-
ing Microsoft Office v.2016. A 95 % confi-
dence interval (CI) for the proportion of de-
tected non-standard samples was calculated
with BinomCI function using the Wilson
method and DescTools libraries of R software.
Trend significance to declining (growing) pro-

2.62

0.3

portions of tap water samples was estimated
per the Mann — Kendall method using Mann
Kendall function of R software. A trend was
considered significant at p < 0.05.

Results and discussion. The accom-
plished investigation found that the mean spe-
cific weight of tap water samples not conform-
ing to safe standards valid in the Russian Fed-
eration equaled 0.57 % per viruses and 0.21 %
per coliphages over the period between 2014
and 2023. In 2023, a descending trend was es-
tablished for the specific weight of non-
standard samples (p < 0.05) (Figure 1). A
strong direct correlation was found for the
proportion of tap water samples not conform-
ing to sanitary-epidemiological requirements
per coliphage and virus occurrence (r = 0.82,
p = 0.04); however, the proportion of non-
standard samples per presence of virus nucleic
acids was on average 2.7 times higher. This
probably indicates that molecular-genetic ex-
aminations are more informative for assessing
safety of drinking water supply per microbi-
ological indicators.

mmmmm Coliphages
mmmn Virus NA

Linear (coliphages) R?=0.7441
. Linear (virus NA) R? = 0.9294

0.66"-

0.26-....

01819 o 9.14

2014 2015 2016 2017 2018

2019 2020 2021 2022 2023

Figure 1. The proportion (%) of tap water samples not conforming to safe standards per occurrence of viruses
and coliphages in the RF over 2014-2023

®SanPiN 1.2.3685-21. Gigienicheskie normativy i trebovaniya k obespecheniyu bezopasnosti i (ili) bezvrednosti dlya
cheloveka faktorov sredy obitaniya: sanitarnye pravila i normy, utv. postanovleniem Glavnogo gosudarstvennogo sanitarnogo

vracha Rossiiskoi Federatsii ot 28 yanvarya 2021 goda Ne 2 (s

izmeneniyami na 30 dekabrya 2022 goda) [SanPiN 1.2.3685-21.

Hygienic standards and requirements to providing safety and (or) harmlessness of environmental factors for people: sanitary rules
and norms, approved by the Order of the RF Chief Sanitary Inspector on January 28, 2021 No. 2 (last edited as of December 30,
2022)]. KODEKS electronic fund for legal and reference documentation. Available at: https://docs.cntd.ru/document/573500115

(April 16, 2025) (in Russian).
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Tests aimed at identifying antigens of en-
terovirus (Enterovirus), rotavirus (Rotavirus),
and Hepatitis A (HAV) infectious agents in
drinking water were accomplished using vari-
ous laboratory diagnostic methods (cultural,
serological, and molecular-genetic), Their re-
sults are provided in Tables 1-3.

These data over the period 2014-2023
show that Rotavirus contamination was more
frequently identified by the molecular-genetic
method within assessing safety of drinking wa-
ter supply; HAV contamination, by the sero-
logical method; Enterovirus contamination, by
the cultural method. This requires further in-
vestigation considering territorial peculiarities
of infectious incidence and use of different

laboratory testing methods for monitoring in
different RF regions.

These data also indicate that the propor-
tion of tap water samples contaminated with
Rotavirus declined considerably by 2023
(p = 0.003). We did not establish any significant
decline in the proportion of tap water samples
contaminated with HAV or Enterovirus.

Infectious agents of other virus infections
have been monitored in tap water using molecu-
lar-biological methods since 2018 (to identify
nucleic acids of Adenovirus, Norovirus, and
Astrovirus) and 2020 (to identify SARs-CoV-2
RNA); this allows annual identification of tap
water contamination with infectious agents of
enteric and respiratory infections (Table 4).

Table 1

Rotavirus contamination in tap water over 20142023

PCR Serological method
Years Total Of them, positive Total Of them, positive
n n % n/s samples 95 % CI n n | % n/s samples 95 % CI

2014 5485 113 2.06 1.70-2.47 | 9112 | 11 0.12 0.16-0.22
2015 6962 144 2.07 1.75-2.43 | 8639 9 0.10 0.05-0.20
2016 7650 260 3.40 3.01-3.83 | 9463 | 11 0.12 0.06-0.21
2017 9454 262 2.77 245-3.12 | 8193 | 11 0.13 0.07-0.24
2018 10,375 | 188 1.81 1.56-2.09 | 9406 | 11 0.12 0.06-0.21
2019 10,816 | 131 1.21 1.01-1.44 | 9893 6 0.06 0.02-0.13
2020 6919 55 0.79 0.60-1.03 | 9169 3 0.03 0.01-0.10
2021 10,684 | 65 0.61 0.47-0.77 | 7823 2 0.03 0.00-0.09
2022 10,974 | 47 0.43 0.31-0.57 | 7783 2 0.03 0.00-0.09
2023 11,751 19 0.16 0.10-0.25 | 7241 1 0.01 0.00-0.08
Total

(2014-2023) 91,070 | 1284 1.41 1.33-1.49 | 86,722 | 67 0.08 0.06-0.10

Table 2

HAV contamination in tap water over 2014-2023

PCR Serological method
v Total Of them, positive Total Of them, positive
ears 5 5
% n/s % n/s
n n 95 % CI n n 95 % CI
samples samples
2014 1579 0 0.00 0.00-0.23 8844 13 0.15 0.08-0.25
2015 2947 0 0.00 0.00-0.12 9037 19 0.21 0.13-0.33
2016 3160 2 0.06 0.01-0.23 9237 3 0.03 0.01-0.09
2017 3416 1 0.03 0.03-0.16 9490 10 0.11 0.05-0.19
2018 2964 2 0.07 0.01-0.24 9898 3 0.03 0.01-0.09
2019 2819 0 0.00 0.00-0.13 10,512 11 0.10 0.05-0.19
2020 2051 0 0.00 0.00-0.18 8022 12 0.15 0.08-0.26
2021 2770 0 0.00 0.00-0.13 6897 4 0.06 0.02-0.15
2022 3090 0 0.00 0.00-0.12 8446 1 0.01 0.00-0.07
2023 3931 0 0.00 0.00-0.09 8515 4 0.05 0.01-0.12
Total
(2014-2023) 28,727 5 0.02 0.01-0.04 88,898 80 0.09 0.07-0.11
ISSN (Print) 2308-1155 ISSN (Online) 2308-1163 ISSN (Eng-online) 2542-2308 91
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Table 3
Enterovirus contamination in tap water over 2014-2023
PCR Cultural method
Total Of them, positive Total Of them, positive
Years
% n/s % n/s
n n 95 % CI n n 95 % CI
samples samples
2014 5341 212 3.97 3.46-4.53 1431 6 0.42 0.15-0.91
2015 6629 14 0.21 0.12-0.35 1440 1 0.07 0.00-0.39
2016 7783 17 0.22 0.13-0.35 1867 73 391 3.08-4.89
2017 8813 9 0.10 0.05-0.19 2297 1 0.04 0.00-0.24
2018 8632 15 0.17 0.10-0.29 1398 0 0.00 0.00-0.26
2019 10,216 8 0.08 0.03-0.15 1115 1 0.09 0.00-0.50
2020 4586 0 0.00 0.00-0.08 852 0 0.00 0.00-0.43
2021 6768 3 0.04 0.01-0.13 1119 0 0.00 0.00-0.33
2022 8589 8 0.09 0.04-0.18 825 0 0.00 0.00-0.45
2023 10,427 3 0.03 0.01-0.08 1385 15 1.08 0.61-1.78
Total
(2014-2023) 77,784 289 0.37 0.33-0.42 13,729 97 0.71 0.57-0.86
Table 4
Viral contamination in tap water in 20182023
] Years
Name Indicator 2018 | 2019 | 2020 | 2021 2022 | 2023 | Total
Adenovirus n 1014 1639 451 1495 1344 2697 8640
n 17 8 2 2 6 10 45

Of them, positive | % n/s samples 1.68 0.49 0.44 0.13 0.45 0.37 0.52

95 % CI 0.98-2.67(0.21-0.96(0.05-1.590.02—0.48|0.16-0.97]|0.18-0.68]|0.38-0.70

Norovirus n 8286 8966 6235 9927 10,385 | 11,033 | 54,832

n 23 11 11 25 13 27 110

Of them, positive | % n/s samples 0.28 0.12 0.18 0.25 0.13 0.25 0.20

95 % CI 0.18-0.42{0.06—0.22{0.09-0.32|0.16—0.37/0.07-0.21]|0.16-0.36|0.16-0.24

Astrovirus n 6382 8142 5765 8743 9112 9913 48,057

n 4 7 5 28 12 13 69

Of them, positive | % n/s samples 0.06 0.09 0.09 0.32 0.13 0.13 0.14

95 % CI 0.02-0.16{0.03—0.18{0.03—0.20|0.21-0.46|0.07-0.23]0.07-0.22]0.11-0.18

SARs-CoV-2 n — — 2019 2084 1375 296 5774
n — — 1 4 0 0 5
Of them, positive | % n/s samples — — 0.05 0.19 0.00 0.00 0.09
95 % CI 0.00-0.28{0.05-0.49{0.00-0.27{0.00—1.24|0.03—0.20

Analysis of the test data showed practi-
cally no changes in the proportion of tap
water samples not conforming to safe stan-
dards per Adenovirus, Astrovirus, Norovi-

= Rotavirus
= Adenovirus

= Norovirus

Astrovirus
rus, and SARs-CoV-2 contents over the ana- ‘
. - -] 2
lyzed period. SARs-COV-2
= HAV

Monitoring data collected by using mo-
lecular-biological methods in 2020-2023 were
analyzed to show the structure of infection vi-
ruses identified in tap water (Figure 2).

= Enterovirus

Figure 2. Infectious agents (viruses) identified in tap
water in 2020-2023
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It is noteworthy that Rotavirus prevailed
among infection viruses while Adenovirus and
Enterovirus were identified more than twofold
less frequently. Norovirus and Astrovirus had
the lowest specific weights. HAV was not iden-
tified in tap water in 2020-2023; however, it
was occasionally detected in water samples
between 2014 and 2019. The virus antigen was
also annually identified by serological meth-
ods (Table 2).

Our findings show that despite the estab-
lished descending trend, tap water samples
did not conform to safe standards in 0.57 %
cases per occurring viruses and per a basic
indicator (coliphages) in 0.21 % cases on av-
erage in Russia over the last decade. This in-
dicates the necessity to continuously monitor
safety of drinking water and water sources
per microbiological indicators [5, 12, 13] and
existing likelihood of virus infections among
the population in Russia due to contaminated
water intake®.

Our analysis showed that identification
of a basic indicator (coliphages) reflected wa-
ter contamination with enteric viruses to a
certain extent (I = 0.82). However, within this
study, the proportion of non-standards sam-
ples was on average 2.7 times higher per de-
tected virus nucleic acids against coliphages.
Bearing this in mind, we can state that col-
iphage contents as an indicator does not fully
reflect virus contamination of water, enteric
viruses included. This is consistent with opin-
ions expressed by the authors who do not be-
lieve coliphages to be reliable indicators of
enteric viruses in water safety assessments”
[14] and is confirmed by enteric viruses iso-
lated from treated and disinfected drinking
water, which was negative in conventional
coliphage-detecting tests®. Studies did not
find any correlation between water contami-
nation with Norovirus, adenoviruses, rotavi-
ruses and coliphages in water objects and tap
water [6, 14]. Occurrence of enteric viruses in
water samples indicates contamination with
wastewaters [15] and a risk of getting in-

fected with enteric viruses for people due to
contaminated drinking water intake”.

Absence of contaminated water samples
per coliphage contents as a basic indicator to-
gether with present contamination with enteric
viruses can also be evidence of molecular-
genetic tests being more informative within
assessing safety of drinking water supply per
microbiological indicators [15, 16].

At the same time, PCR-based methods are
usually used for detecting and identifying virus
infections in water although PCR alone does
not allow the discrimination between infec-
tious and non-infectious viral particles [15]. In
addition, water can contain certain inhibitors,
which prevent nucleic acids from amplifying
by polymerase chain reaction [17]. PCR-based
tests aimed at detecting Enterovirus identified
the virus NA only in 0.37 % of samples, which
was almost twofold lower relative to the cul-
tural method, 0.71 % of samples. This can re-
sult from PCR inhibitors in water and be ex-
plained by virus interference [2, 18, 19]. The
review by O.N. Savostikova and others (2021)
established that various chemicals could occur
in water sources [20], including those poten-
tially able to inhibit PCR. HAV RNA and anti-
gen identified in 0.02 % and 0.09 % of water
samples respectively can also give evidence of
water contamination with infectious and non-
infectious virus particles along with various
informative values of the molecular-genetic
and serologic methods and assumed occur-
rence of PCR inhibitors in water as well as
conditions suitable for virus interference. This
requires further investigation considering terri-
torial peculiarities of infection incidence and
use of different laboratory testing methods in
different regions of Russia.

Given all foregoing, it should be noted
that examining water safety with complex
laboratory diagnostic methods is becoming
more significant for assessing risk factors of
enteric virus infections. Foreign researchers
emphasize the significance of combining the
virologic method relying on using cell cultures

' WHO. Guidelines for drinking-water quality: fourth edition incorporating the first and second addenda. WHO, 2022, 614 p.
Auvailable at: https://www.who.int/publications/i/item/9789240045064 (October 03, 2024).
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with PCR identifying infection viruses, which
grow slow or do not produce any cytotoxic
effects in a cell culture [15]. Several studies
have revealed an association between virus
persistence (determined by molecular meth-
ods) and infectivity (determined by analyzing
cytopathic effects) indicating that degradation
of virus nucleic acids has a strong correlation
with loss of virus infectivity [16].

Prevalence of virus contamination was
considerably lower in Russia in comparison
with the data reported by foreign researchers (in
this study, Rotavirus was detected in 1.41 % of
samples; Enterovirus, 0.70 %; Adenovirus,
0.52 %), which means disinfection activities ac-
complished within water treatment in the coun-
try are quite effective for managing risks of en-
teric infection incidence. Differences established
in discussing the obtained results including those
identified in contamination of subterranean and
surface water sources require special attention
and give grounds for setting new research tasks.
Foreign researchers have established the total
prevalence of hepatitis E virus to be 4.7 % in
drinking water [21], which also requires special
attention from Russian researchers.

Overall, over 2014-2023, the proportion
of tap water samples that did not conform to
basic safe sanitary-microbiological indicators
equaled to 0.20 % per Norovirus, 0.14 % per
Astrovirus, 0.09 % per SARs-CoV-2, and
0.02 % per HAV. Studies with their focus on
drinking water contamination with Astrovirus,
Norovirus, SARs-CoV-2, and HAV have been
given very little attention in literature available
to us. However, there are some available data
on virus prevalence in Thailand in a water res-
ervoir, river water, etc., where various Astrovi-
rus genotypes were detected in 4.8 % of the
samples with different prevalence (in RF, ac-
cording to this study, Astrovirus was detected
in 0.14 % of drinking water samples) [16]. Re-
searchers assert that Astrovirus is a prevailing
species in the water environment [16], and
cases of inter-species transmission have been
described for some genotypes [22]. Risk of
enteric infections accused by Astrovirus due to
drinking water intake should be given special
attention by researchers.

94

Virus contamination of drinking water
gives evidence of viruses being resistant to
disinfectants used in water treatment. The
highest virus elimination in water treatment
was reported for Enterovirus (97 % of viruses
are eliminated by disinfection) and Rotavirus
(82 % removed by disinfection); lower levels
are reported for Adenovirus (73 %) [6]. Con-
sidering the structure of infectious agents iden-
tified in tap water in 2020-2023 even after
mandatory disinfection, as shown in Figure 2,
we should assume Rotavirus to be the most
resistant to disinfectants used in water treat-
ment in the RF; Adenovirus, Norovirus and
Enterovirus were a bit less resistant. Studies
reported that some of these viruses were resis-
tant to water disinfection and ecological
stressors, especially to inactivation by ultravio-
let light [15, 23]. Given that, researchers em-
phasize the necessity to use the combined wa-
ter disinfection method [5] to prevent risks of
infections.

Bearing in mind that viruses causing
Hepatitis A, COVID-19 and Astrovirus infec-
tion were either not detected or had very small
proportions, we can assume that disinfection
activities accomplished within water treatment
in 2020-2023 in the RF were effective as re-
gards elimination of these viruses.

Conclusion. Therefore, we analyzed the
results obtained by testing tap water samples
taken both prior to supply and directly from
distribution networks. The analysis revealed
that despite the descending trend identified
over the period 2014-2023 in the proportion of
samples not meeting sanitary-epidemiological
requirements, such samples were still detected
(on average, 0.57 % contained viruses and
0.21 % coliphages). This means risks of infec-
tious diseases caused by intake of drinking wa-
ter contaminated with enteric viruses.

Over 2014-2023, the proportion of tap
water samples that did not meet safe standards
per sanitary-microbiological indicators equaled
the following: for Rotavirus, 1.41 % of sam-
ples (95 % CI: 1.33-1.49) (according to sero-
logical tests, 0.08 % of samples (0.06-0.10));
Enterovirus, 0.71 % of samples (95 % CI:
0.57-0.86) (according to PCR tests, 0.37 % of
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samples (95 % CI: 0.33-0.42)); Adenovirus,
0.52 % of samples (95 % CI: 0.38-0.70);
Norovirus, 0.20 % samples (95 % CI: 0.16—
0.24); Astrovirus, 0.14 % of samples (95 % CI:
0.11-0.18); SARs-CoV-2, 0.09 % (95 % CI:
0.03-0.20); HAV, 0.02 % of samples (95 % CI:
0.01-0.04) (according to serological tests, a bit
higher, 0.09 % of samples (0.07-0.11)). The
structure of virus contamination in tap water in
20202023 contained Rotavirus (52.6 + 0.3 %),
Adenovirus (18.8 + 0.5 %), Enterovirus
(13.9 £ 0.2 %), Norovirus (7.5 = 0.1 %), As-
trovirus (3.8 £ 0.1 %), and SARs-CoV-2
(3.4 £ 0.2 %). This indicates the necessity to
further investigate risk factors of some specific
enteric virus infections associated with drink-
ing water intake to predict incidence rates and
take relevant preventive measures.

We found a strong direct correlation be-
tween the proportions of tap water samples
deviating from safe standards per contents
of coliphages and virus infectious agents
(r > 0.8); however, use of molecular-genetic
methods to identify nucleic acids in water es-
tablished higher virus prevalence in compari-
son with conventional coliphage testing. This

probably requires special attention when water
safety is assessed using ‘coliphages contents’
as the basic regulated indicator. Absence of
virus contamination in treated water confirmed
by cultural methods and high levels of con-
taminations with antigens when PCR-tests are
negative indicate it is necessary to develop ad-
ditional reliable tests, which can confirm virus
infectivity and presence of amplification reac-
tion inhibitors.

Identification of viruses from various
genera in drinking water indicates that drink-
ing water intake can be a risk factor of enteric
infections in Russia and that it is necessary to
monitor virus resistance to disinfectants, to use
combined disinfection techniques in water
treatment, and to investigate a role that be-
longs to drinking water in occurrence of virus
infections. The obtained data can be used for
predicting incidence of some specific enteric
infections and economic losses as well as for
planning relevant preventive activities.
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