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Abstract Analyze clinical samples collected and deter-
mine the etiology of viral pathogens and the dynamics of
their spread. Acute respiratory viral infections remain one of
the key health problems worldwide. They constitute etiologi-
cally independent diseases, with similar clinical infection
manifestations and a single mechanism for the transmission
of pathogens. 4712 nasopharyngeal swabs were collected
from people before and during the COVID-19 pandemic
with acute respiratory infections that tested negative for
COVID-19 and were examined in this study. The collected
samples were screened by a real-time polymerase chain reac-
tion on a Rotor-Gene Q6 plex instrument. Statistical process-
ing of the results, tabular, and graphical data were analyzed
in the MS Excel. The largest number of the nasopharyngeal
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swabs were collected from children under 17 years of age
(60.75%). In 702 samples (9.85%) pathogens of respiratory
infections of non-influenza etiology were detected, includ-
ing adenovirus, bocavirus, coronavirus, metapneumovirus,
paramyxovirus types I-IV, respiratory syncytial virus, and
rhinovirus. At the same time, both before and during the
COVID-19 pandemic, different influenza virus variants co-
circulation (A/HIN1, A/H3N2, and type B) were discovered,
with a predominance of viruses with the antigenic formula
A/HINI. The results of the study indicate the need for con-
tinuous monitoring of the viral pathogens spread, which will
expand the existing knowledge of the viral etiology of res-
piratory diseases and highlight the importance of viruses in
the respiratory infections occurrence.

Keywords Pandemic - Disease - Virus - Influenza - Acute
respiratory viral infection

Introduction

Acute respiratory viral infections (ARVIs) have been affect-
ing people since the beginning of human history and con-
tinue to be a serious health issue, leading to a significant
health and economic damage. Most viral infections are
zoonotic or vector-borne diseases caused by pathogens
belonging to the families of Orthomyxoviridae, Paramyxo-
viridae, Picornaviridae, Coronaviridae, Adenoviridae,
and Herpesviridae [1]. The most common infections of the
upper respiratory tract account for 20-40% of outpatient and
12-35% of inpatient clinic attendance [2]. On average, there
are 3—4 cases of the disease for every adult per year. Every
year pathogens such as influenza, respiratory syncytial virus,
adenovirus, parainfluenza virus, human coronavirus, human
metapneumovirus, rhinovirus, enterovirus cause 30-40% of
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diseases leading to temporary disability among the popula-
tion of the world and 60-80% of diseases resulting in loss
of school hours among pupils. They also cause millions of
deaths [3-5].

In recent times, coronaviruses, which were not previously
classified as especially dangerous viral pathogens, especially
a novel Severe acute respiratory syndrome-related coronavi-
rus 2 (SARS-CoV-2) that emerged in 2019 [6], have become
epidemiological significant.

Influenza viruses of the Orthomyxoviridae family
occupy a dominant position among a large group of res-
piratory infections [7]. They include a wide range of human
and animal pathogens [8—13]. The range of influenza virus
epidemic strains is continually changing. In recent years, a
rapid spread of influenza viruses of subtypes A/HIN1, A/
H3N2, and type B is being observed in Kazakhstan as well
as throughout the world [14, 15]. In addition, the extraordi-
nary complexity of the epidemic situation is associated with
the emergence of reassortant viruses.

Laboratory diagnostic procedures not only facilitate the
identification of already known viruses, but also make it
possible to detect previously unknown viruses. Thus, human
metapneumovirus (hMpv) and human bocavirus (hBov) have
been identified [16, 17]. The respiratory tract damage (and
frequently a combined infection of the respiratory and gas-
trointestinal tracts) is caused by both deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA) viruses. The same type
of symptoms develops very frequently with various ARVIs,
and, conversely, clinical manifestations may vary in diseases
caused by a similar etiological agent [18, 19]. This requires a
more active molecular biological study of various infections
to possibly predict the severity of the disease and administer
optimal treatment [20].

Therefore, the purpose of this study was to analyze clini-
cal samples collected from people who attended healthcare
facilities, determine the etiology of viral pathogens, and
identify the dynamics of their spread.

Materials and Methods

Objects of Study

Nasopharyngeal swabs collected in 2018-2022 from people
who attended healthcare facilities with acute respiratory dis-
eases and showed a negative COVID-19 test result.
Sample Selection, Viral RNA Isolation and RT-PCR
The biomaterials (nasopharyngeal swabs) were collected
in accordance with WHO recommendations [21]. The col-

lected biosamples transported and stored in liquid nitro-
gen, while avoiding refreezing. The collected biomaterials
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were analyzed for the presence of the examined viruses
using real-time polymerase chain reaction (RT-PCR) with
hybridization-fluorescence detection on a Rotor-Gene Q6
plex device (QIAGEN, Germany). Extraction of nucleic
acids and detection of viruses were performed with the
RIBO-prep, AmpliSens ARVI-screen-FL, and AmpliSens®
Influenza virus A/B-FL kits; the subtypes of influenza type
A virus were identified with the AmpliSens® Influenza
virus A-type-FL kit (Federal Budgetary Institution Central
Research Institute for Epidemiology of Rospotrebnadzor,
Russia) [22, 23].

Statistical Analysis

The software program MS Excel and the Graph Pad Prism 9
were used for statistical data processing, tabular, and graphic
representation of the obtained results [24, 25]. Percentages
were calculated for categorical variables such as levels of
respiratory viruses. A chi-square test was used to assess the
significance of intra-group differences for virus level by
years. P <0.05 was considered statistically significant.

Results

In order to study the spread of pathogens causing ARVIs
in 2018-2022, we examined a total of 4712 nasopharyn-
geal swabs from individuals of various ages (born between
1934-2022) with various respiratory diseases who had a
negative SARS-CoV-2 test result (Fig. 1).

Most of the samples were collected from children under
17 years old inclusive, which represented 60.75% of the total
number of samples. The largest people group of the working
age patients (18—63 years) was represented by 22.71% of
samples. The samples taken from people of retirement age
accounted for about 16.54%.

The maximum number of samples (84.59%) was obtained
from patients with ARVIs. The samples from patients diag-
nosed with acute respiratory disease, pneumonia, and bron-
chitis represented a smaller share (2.59% to 10.12%). Less
than 1% of the samples were collected from patients with
other disorders in the respiratory tract, such as tonsillitis,
asthma, mucoviscidosis, etc.

Most of the samples were collected in 2018 and 2019
(2911 swabs) as compared to 2020-2022 (1,801 swabs).
Number of samples collected during the 2020-2022 period
decreased significantly compared to 2018-2019 due to the
introduction of a special mode of operation in healthcare
facilities associated with the COVID-19 pandemic (Fig. 2).

Samples were collected from healthcare facilities located
in various regions of Kazakhstan, including the northern
part of the country (Kostanay, Akmola, Pavlodar, and
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Fig. 1 Characterization of col- b
lected samples
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Fig. 2 Distribution of collected samples by years

Fig. 3 Distribution of collected
samples by sampling points
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North Kazakhstan regions), the eastern part (East Kazakh-
stan Region), the southern part (Almaty, Zhambyl, South
Kazakhstan, and Kazylorda regions), the western part (Man-
gystau, Atyrau, Aktobe, and West Kazakhstan Region), and
the central area (Karaganda Region) (Fig. 3).

Most of the samples were collected from the southern
part of Kazakhstan. This is explained by the restriction of
movement around the country in accordance with the gen-
eral anti-pandemic measures during 2020-2022.

As a result of RT-PCR testing, the genetic material for
one of the detectable pathogens (i.e., adenovirus (hAdv),
hBov, coronavirus (hCov), hMpv, paramyxovirus types I-IV
(hPiv), respiratory syncytial virus (hRSv), rhinovirus (hRv),
and influenza A and B viruses (hlv) detected in patients) was
revealed in 1,847 samples (39.20% of the total number of the
samples examined) (Table 1).
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Table 1 RT-PCR-based screening of clinical samples collected in Kazakhstan during 2018-2022 for the presence of viruses causing respiratory

infections and influenza

Virus Number of PCR-positive for virus samples by years

2018 2019 2020 2021 2022 Total P-value
Number of tested samples 1602 1309 806 581 414 4712
Adenovirus 14/0.87% 13/0.99% 1/0.12% 1/0.17% 1/0.24% 30/0.64% 0,0624
Bocavirus 2/0.12% 1/0.08% 2/0.25% 2/0.34% 2/0.48% 9/0.19% 0,0254
Coronavirus 10/0.62% 8/0.61% 4/0.50% 0/0.00% 0/0.00% 22/0.47% 0,0725
Metapneumovirus 11/0.69% 10/0.76% 1/0.12% 0/0.00% 0/0.00% 22/0.47% 0,0725
Parainfluenza 1/3 10/0.62% 9/0.69% 2/0.25% 2/0.34% 2/0.48% 25/0.53% 0,0045
Parainfluenza 2/4 0 0 0 0 0 0 0
Respiratory syncytial 201/12.55% 214/16.35% 22/2.73% 14/2.41% 13/3.14% 464/9.85% 0,064
Rhinovirus 68/4.24% 41/3.13% 7/0.87% 7/1.20% 7/1.69% 130/2.76% 0,0247
ARV in total 316/19.73% 296/22.61% 39/4.84% 26/4.48% 25/6.04% 702/14.90% 0,0437
Influenza A 216/13.48% 15/1.15% 13/1.61% 0/0.00% 0/0.00% 244/5.18% 0,2761
Influenza B 0/0.00% 2/0.15% 10/1.24% 2/0.34% 0/0.00% 14/0.30% 0,2102
A/HIN1 213/13.30% 301/22.99% 14/1.74% 25/4.30% 22/5.31% 575/12.20% 0,0701
A/H3N2 0/0.00% 216/16.50% 11/1.36% 41/7.06% 44/10.63% 312/6.62% 0,0791
Influenza in total 429/26.78% 534/40.79% 48/5.96% 68/11.70% 66/15.94% 1145/24.30% 0,0305
A total of positive samples 745/46.50% 830/63.41% 87/10.79% 94/16.18% 91/21.98% 1847/39.20% 0,0336

The data represent the number of samples positive by the test/percent

The viruses that cause respiratory infections of non-influ-
enza etiology were detected in 702 samples, with the largest
proportion of positive samples detected for hRSv (9.85% of
all samples examined), a significant number of samples posi-
tive for hRv (2.76%), a smaller share found in isolated cases
for hAdv, hBov, hCov, hMpv, hPiv types I and III (less than
1% of samples). At the same time, the content of hCov and
hMpv in the 2021-2022 samples dropped to zero. Samples
containing hPiv types II and IV were not detected during
the period under the study. Co-infection between hRSv and
hMpv viruses, as well as hAdv and hBov was founded only
in individual cases (0.02% each).

The different hlv types were identified in 1,145 samples
(24.30%). For over five years, hlv type B was found in only
14 samples (0.30%). Despite the fact, that the influenza virus
was circulating in Kazakhstan in 2018 [15], no positive sam-
ples for influenza type B were found in our tested samples.
Among 1,131 samples (24.00%) were positive for type A
influenza, 575 samples (12.20%) belonged to A/HIN1 sub-
type, 312 samples (6.62%) were that of A/H3N2. We could
not identify virus subtype in 244 samples (5.18%).

The genetic material of the detectable viruses was not
found in 575 samples (12.20%).

Discussion

ARVIs, such as influenza and COVID-19, cause disorders
in the respiratory tract and are of great importance for
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study. COVID-19 infection is associated with significant
mortality, especially in high-risk groups (the elderly,
people with chronic diseases, and healthcare providers).
The gastrointestinal tract is believed to be the largest
human immune organ and home to a complex commu-
nity of commensal microorganisms. More recently, it has
been assumed that people with comorbid chronic intes-
tinal inflammation, when infected with this virus, tend
to increase hypercytokinemia. This aggressive immune
response leads to an increased risk of vascular hyperper-
meability, multi-organ failure, and ultimately death. There
is an opinion that chronic intestinal inflammation is associ-
ated with a specific composition of its microbiome, which
is regulated by a diet. For example, a plant-based diet, such
as vegetarianism, maintains a balanced gut microbiome.
Thus, switching from an animal-based diet to a high-fiber
diet can change the microbiota, which in turn will help
suppress existing chronic inflammation and thereby reduce
the development of a cytokine storm [26].

The highest incidence rates of the respiratory tract
infections are recorded in childhood; this is due to the
peculiarities of the immune response formation in chil-
dren, the violation of microecological status in both the
intestines and nasopharynx with a frequent formation of
chronic inflammation foci [27-29]. The largest age group
of working age patients (18—63 years old) is represented
by 22.71% of samples; this is, primarily, because this age
category frequently endures respiratory diseases of mild
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and moderate severity “out of bed”, seeking medical help
only in cases of severe disease.

We did not examine the possibility of detecting multiple
viruses in one patient simultaneously, because, in accord-
ance with the quarantine measures the SARS-CoV-2-positive
samples were prohibited from transportation outside medical
laboratories in which they were detected. At the same time,
there are data indicating a very low frequency of SARS-
CoV-2 coinfection with other viral agents [30-32], which
requires further study, since it was found that specific pre-
existing immunity to seasonal coronaviruses can increase
susceptibility to SARS-CoV-2 and predispose humans to a
COVID-19 poor outcome [33]. According to data analysis
of different influenza and SARS-CoV-2 co-infection, most
cases of co-infection are associated with influenza A viruses,
and the proportion of simultaneous infection with influenza
viruses and SARS-CoV-2 in children was significantly
higher than in adult patients, and the frequency of simulta-
neous infection was significantly higher in seriously ill indi-
viduals compared with other patients. In this connection, it
is necessary to carefully monitor and study the concordance
and interaction between SARS-CoV-2 and other respiratory
viruses [34].

1145 samples (among 4,712 ones examined in RT-PCR)
were positive for influenza, which is 24.30%, while a viral
infection of non-influenza etiology was detected in 702 sam-
ples (14.90%). A high degree of the influenza spread was
recorded by many researchers in different countries of the
world [35-38]. At the same time, the co-circulation of dif-
ferent hlv variants including A/HIN1, A/H3N2, and type
B [39] with a predominance of viruses with the antigenic
formula A/H1N1was recorded both before the COVID-19
pandemic and during it [40].

When studying the etiological structure of ARVI of
non-influenza etiology in Kazakhstan between 2016

and 2019, the predominance of hRSv (15.25%) and hRv
(4.34%) was established, hPiv and hAdv were detected
much less frequently (about 1%). hMpv, hBov, and hCov
were revealed in isolated cases [14, 15]. The prevalence
of hRSv and hRv in the pre-pandemic period was also
recorded in different countries of Europe [41, 42], Asia
[35, 37, 39, 43, 44], and Africa [36, 45].

Under the quarantine and social distancing measures
in 2020-2022, despite the decrease in the total number of
infected people, these viruses retained their leading posi-
tions among other viral agents. The hRSv proportion dur-
ing the pandemic varied within a range of 2.41-3.14%,
that of hRv within 0.87-1.69%, while the remaining sen-
tinel viruses reached less than 1% and parainfluenza types
IT and IV was never identified. The highest coverage of
the population with hRSv and hRv during the specified
period was also recorded in other countries [46—48]. At
the same time, several researchers have noticed the leading
role of hMpv, hPiv as well as a significant contribution of
hAdv in the general non-influenza viral pathology of the
respiratory organs [35-37, 49, 50]. It is therefore possible
to point out the territorial heterogeneity in the distribution
of viral agents. In addition, there are the differences in the
proportion of viruses depending on the age category of
patients [35, 51].

The dynamics of the prevalence of pathogens causing
non-influenza ARVIs and influenza during the period under
the study and the proportion of viruses depending on the
age category of patients are presented in Figs. 4, 5, and 6.

At the beginning of the period under consideration, before
the COVID-19 pandemic, the total prevalence of detect-
able respiratory viruses increased from 46.51% in 2018 to
63.40% in 2019. There was further a sharp decline to 10.80%
in 2020. In the subsequent 2021 and 2022, the level of occur-
rence of viruses that cause respiratory diseases among the

Fig. 4 Dynamics of prevalence
of non-influenza respiratory
viral infections
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Fig. 5 Dynamics of prevalence of different influenza types

population is gradually increasing (up to 21.98%) but did not
reach the levels of 2018 and 2019.

The decline in the incidence of ARVIs and influenza in
2020 can be explained by the introduction of quarantine
and self-isolation regimes during this period, a widespread
rollout of anti-epidemic measures, enhanced measures to
prevent ARVIs, and a decrease in the human migration
inside and outside the country. In 2021-2022, a gradual
easing of quarantine measures has begun and, as a result,
a slow increase in the spread of pathogens was observed.
Similar dynamics has also been observed in other countries
that introduced social distancing and other anti-pandemic
measures on their territories [46, 51].

Figure 7 shows statistics on the spread of SARS-CoV-2
in Kazakhstan from March 2020 to May 2022 [52]. A com-
parison of the prevalence rates of respiratory viruses and
SARS-CoV-2 shows that against a sharp increase in SARS-
CoV-2 in summer 2020 and tightening of the quarantine

60.00%

anti-pandemic regime, there was a sharp decline in the inci-
dence of other ARVIs. With the beginning of the 2020-2021
epidemic period and easing of quarantine measures, there
was a gradual increase in the incidence of both COVID-19
and other respiratory diseases of viral etiology, including
influenza type A. It is estimated that the total incidence of
ARVIs will gradually reach the pre-pandemic level, organi-
cally including, along with traditional respiratory viruses,
the causative agent of COVID-19 [53].

In our studies of the 2021-2022 clinical samples, hCov
was not detected although it was found that it was not dis-
placed by the SARS-CoV-2 variant [54-57]; as previously,
the simultaneous circulation of different variants of seasonal
coronaviruses was observed [58—61]. It is possible that non-
pharmaceutical interventions have influenced the prevalence
of hCov and hMpv.

The effects of non-pharmaceutical interventions differ
for each virus. For example, in South Korea, an increase in
the spread of hBov was observed in late autumn and winter
of 2020, when social distancing measures were eased [52].
Measures such as social distancing, wearing masks, etc.,
may have changed trends in seasonal respiratory virus out-
breaks during the COVID-19 pandemic.

The world has been fighting the COVID-19 pandemic for
more than two years by now. Due to its high susceptibility
to mutations, a huge number of variants appeared, some of
which had increased transmissibility, infectivity, lethality,
and immune evasion. The greatest concern was caused by
such virus variants as alpha, beta, gamma, and delta, which
became more widespread. It would seem that the world has
almost coped with the befallen humankind pandemic. How-
ever, the characteristics of the virus transmission and its high
transmissibility with high mutagenicity raise concerns about

Fig. 6 Dynamics of prevalence
of viruses depending on the age
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Fig. 7 Statistics on CoVID-19 spread in Kazakhstan during period from 13.03.2020 to 15.05.2022 [63]

the possibility of more dangerous variants to emerge in the
future. Mass vaccination with modernized next-generation
vaccines, taking into account circulating virus variants and
observing safety measures, will help in the fight against the
pandemic and the return of life to normal [62].

The analyze clinical samples collected from people who
attended medical institutions in various regions of Kazakh-
stan to determine the etiology of viral pathogens and identify
the dynamics of their spread was carried out in our studies.
Unfortunately, for various reasons, we have not studied influ-
enza coinfections/SARS-CoV-2 coinfection. Looking for-
ward, we will continue analyzing disease surveillance data
and its impact on transmission of various influenza lines
and clinical trials of influenza coinfections/SARS-CoV-2 as
well as keep monitoring changes in population immunity
through serological tests This will contribute to new knowl-
edge on the epidemiology of these and other pathogens and
the development of new control capabilities.

Conclusion

In the current study, it was discovered that before the
COVID-19 pandemic the total prevalence of detectable
respiratory viruses was 46.51% in 2018 to 63.40 percent
in 2019. In the bigining of COVID-19 pandemic, the rates
of respiratory viruses sharply declined by 10.80%. Sub-
sequently, in 2021-2022, the level of occurrence of res-
piratory diseases viruses among the population gradually
increased. It was detected that most pathogens of respira-
tory infections of non-influenza etiology had respiratory
syncytial virus, rhinovirus, adenovirus, paramyxovirus

type I-1II. Human coronaviruses, metapneumoviruses,
bocaviruses were found less frequently. Whereas a circu-
lation of different influenza virus variants (A/HIN1, A/
H3N2 and type B) was detected both before and during
the COVID-19 pandemic.

The above findings expand our knowledge of the sig-
nificance of viruses in causing respiratory infections.
Knowledge of the viral etiology of respiratory diseases
can assist in recommending and implementing appropriate
treatment strategies. Even though separate cases of ARVIs
co-infection did not related with influenza and COVID-
19 was found in our study, further research is necessary
to determine whether multiple viral infections affect the
disease severity.
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