American Journal of Medicine and Medical Sciences 2025, 15(3): 568-574
DOI: 10.5923/j.ajmms.20251503.17

Metagenomic Analysis of the Nasopharyngeal Microbiota
In COVID-19 Patients: Opportunistic and Pathogenic
Infections

Juamamurodov Sobirjon Tursunboy Oglu*#3, Nuruzova Zukhra Abdukadirovna®*

'Researcher, Laboratory of Molecular Genetics and Cytogenetics Research, Center for Biomedical Technologies, Tashkent Medical
Academy, Tashkent, Uzbekistan

2Doctor of the Virology Laboratory of the Chilanzar District, Department of the Tashkent City, Administration of the Tashkent City
Administration of the Committee for Sanitary and Epidemiological Welfare and Public Health of Uzbekistan, Tashkent, Uzbekistan
3phD Student, Department of Microbiology, Virology and Immunology, Tashkent Medical Academy, Tashkent, Uzbekistan

“Ph.D., Professor, Department of Microbiology, Virology and Immunology, Tashkent Medical Academy, Tashkent, Uzbekistan

Abstract Using a metagenomic analysis approach, this study aimed to investigate opportunistic and pathogenic bacteria
within the nasopharyngeal microbiota in COVID-19 patients. Create a phylogenetic history using 16S rRNA to determine
the genotype of bacterial microflora from nasopharyngeal swab samples, enabling the identification of microbial
communities and pathogenic species in COVID-19 patients. Nasopharyngeal swab sample collection and preparation, DNA
extraction, amplification of bacterial genetic material (for example, by gene 16S rRNA), metagenomic sequencing (ABI 3500
Genetic analyzer Thermo Fisher Scientific), bioinformatic analysis, microbiota composition assessment, statistical analysis,
and comparison of results were used to study the nasopharyngeal microbiota in patients with COVID-19. Fragments were
detected in 75% of electrophoresis (n = 27). Detection of fragments indicates the presence of bacteria. When sequencing,
pathogenic and opportunistic infections examined Sanger were detected for humans (n=24). These bacteria were detected
during sequencing of Bordetella bronchiseptica uradi, Haemophilus influenzae, Chryseobacterium sp, Agrobacterium
tumefaciens, Pseudomonas sp, Stenotrophomonas maltophilia, Haemophilus influenzae, Bordetella bronchiseptica uradi,
Streptococcus pneumoniae, Staphylococcus epidermidis, Staphylococcus aureus, and Klebsiella pneumoniae. Sequencing
results showed that these bacteria were present in the patients' upper respiratory tract. This increases the likelihood of a
change in the microflora or the development of additional infections. These bacteria can be associated with various diseases
and infections of the respiratory tract. Molecular-genetic and sequencing studies reveal the mechanisms by which COVID-19
can detect secondary bacterial infections in patients and enable the detection of highly human-to-human bacteria that are not
detectable in a bacteriological laboratory. These indicators are important in determining treatment strategies for patients and
identifying possible bacterial infections.
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In addition, the study looked at bacterial species present
in the nasopharyngeal microbiota and their impact on
COVID-19 disease. The species, such as Firmicutes,

1. Introduction

This study was carried out using a metagenomic analysis
approach to investigate opportunistic and pathogenic infections

within the nasopharyngeal microbiota in COVID-19 patients.

In the study, the genotype of bacterial microflora was determined
from nasopharyngeal swab samples, and the presence of
opportunistic and pathogenic species was analyzed. With
this method, microbiome changes in COVID-19 patients and
associations with potential pathogens are identified, which
can help explore new possibilities for disease development
and treatment.
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Bacteroidetes, Proteobacteria, and Actinobacteria, may vary
depending on the health status of the patient. The study also
explored how alterations in the nasopharyngeal microbiota
play a role in the infection process, especially in COVID-19
patients and what differences are present in mild or severe
course of disease.

Moreover, the identification and analysis of genetic
material in the composition of the microbiota using the
approach of metagenomic analysis creates new opportunities
in the diagnosis and prognosis of the disease. The technique
can also help improve patients' health status and effectively
treat COVID-19 infection by manipulating the microbiome
using plants or other environmental factors. One of the future
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goals of the study is to develop new therapies that interact
with the microbiota and improve patients' long-term health
status.

2. Methods

This research work was carried out at the Virology
laboratory of Chilanzar district of Tashkent city and the
Center for Biomedical technologies of the TMA. The object
of the study is 36 nasopharyngeal swabs taken from the upper
respiratory tract of COVID-19 positive patients admitted
to the Republican Special Hospital No. 2 Zangiota in 2021.
Of these, the number of males is 14 and females are 22. The
ages of the patients ranged from 12 to 74 years.

The study used the following methods to study the
nasopharyngeal microbiota in COVID-19 patients.
Nasopharyngeal swab samples were taken from the patients
and kept at —80°C. DNA/RNA was isolated. The obtained
samples were processed using special collections and the
quality analysis was confirmed by spectrophotometer and gel
electrophoresis. In the latter stage, the VV3-V4 regions of the
16S rRNA gene were sequenced and the composition of the
bacterial microbiota was determined. The sequences data
were collected in abl format and bacterial species were
identified using the U.S. Blast database.

3. Result

36 nasopharyngeal smears were taken from patients of
the Republican Special Infectious Diseases Hospital No. 2
Zangiota. Samples were collected using a special swab on
the surface of the mucous membrane of the upper respiratory
tract. Adults and children were involved in this process.
During the sampling process, the patient was taken with
caution if he or she had recently undergone a nasal injury or
surgery. The procedure was completed by applying personal
protective equipment (gown, non-sterile gloves, N95 mask
and face shield). Prior to the start of work, all test tubes were
marked with the appropriate labels and request forms were
filled out. The risk of contamination was reduced by strictly
adhering to the SHV wearing procedures. "RNase-free" and
"DNase-free" sterile solutions were utilized for specimen.

In this study, in the process of NK isolation, a package
"MagSorbNA", manufactured by ROSSA, was used. This
kit is designed for the efficient separation of RNA and DNA.
From the samples taken for testing, n=36 samples were sampled
by random selection. DNA/RNA was isolated from the samples
taken and each was measured with a sphectophotometer. The
concentration and purity of the extracted DNA/RNA were

evaluated using a spectrophotometer at 260/280 and 260/230.

The mean value (64.56) and standard deviation (£16.93), the
A260/A280 ratio of 1.8-2.0 were determined to determine
the main variables.

Two targets in the viral genome (ORF1ab and N gene) and
human genome DNA were detected using the RT-PCR
method to analyze SARS-CoV-2 RNA. The ROSSAmed
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COVID-19 RT-PCR kit was used in this study. In addition,
the package for internal control of PCR was used to control
the quality of biological material extraction and the correct
performance of the analysis process. The following are the
primers and probes corresponding to the ORFlab and N
genes used to detect the COVID-19 virus in our Kit.

1. ORF1lab birth:

F-primer: 5’-CCCTGTGGGTTTTACACTTAA-3’
R-primer: 5’>-ACGATTGTGCATCAGCTGA-3’
Zond: 5’-FAM-CCGTCTGCGGTATGTGGAAAGGTT
ATGG-BHQ1-3”

2. N gene:

F-primer: 5’-GGGGAACTTCTCCTGCTAGAAT-3’
R-primer: 5’-CAGACATTTTGCTCTCAAGCTG-3’
Zond: 5’-FAM-TTGCTGCTGCTTGACAGATT-TAMRA
-3’

In real-time RT-PCR analyses, amplification of ORFlab
and N genes was observed in the HEX channel, while human
genome DNA was observed in the FAM channel. These
HEX and FAM channels are optical detectors used for
the detection of fluorescent signals in real-time PCR
amplification, allowing for monitoring the dynamics of the
amplification process. This approach provides high reliability
and repeatability in the detection process of SARS-CoV-2.

To use the device, the amplifier was programmed as
follows in accordance with the instructions. The RT-PCR
protocol for the detection of SARS-CoV-2 RNA was performed
as follows. Reverse transcription took 10 min at 55°C. Initial
denaturation was performed for 15 min at 95°C. The
denaturation phases of 95°C, (15 sec), otjig 60°C, (30 sec),
elongation 67°C, (15 sec) were repeated for 5 primary cycles
and 35 primary cycles. Detection was performed at 60°C via
HEX and FAM channels. We programmed and amplified
the device according to these instructions, according to the
location of the solutions in amplification. At the end of
the experiment, the results obtained were saved by the device
in a file format. Before proceeding the analysis, the device
settings were adjusted according to the manufacturer's
instructions.

The following parameters were obtained for the analysis:
Selection of method — "Forgego Method (St)" was selected
for the device and the values of the required threshold
parameters were entered. Logarithmic Scale — For the visual
analysis of the results, logarithmic measurement was used,
which helped to identify the linear growth portion of the
amplification curve. Boundary Line Settings — To determine
the boundary line crossing on the grow portion of the
amplification curve, the boundary line has been manually
adjusted to the required size. When analyzing the results,
it was observed whether or not there is an intersection of
fluorescence curve analysis — Amplification curve with boundary
line. This was confirmed by the presence or absence of
the "Ct" (Threshold value) indicated in the corresponding
column of results. Ct Values — The values were analyzed and
verified for consistency with the intended values for the
control samples. The presence of a threshold value confirmed
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the presence of an amplified gene or target RNA. Interpretation
of results — if Ct values are available, it indicates that the
amplification process was successful and the presence of
targeted nucleic acids in the sample. In cases where a Ct
value is not observed, it means that the sample does not
contain the RNA or DNA required for amplification or that
their concentration is likely to be below the detection limit.
In terms of device and analysis methodology, all parameters
were implemented under control. Results were analyzed
based on boundary values in the logarithmic part of the
amplification curve. The Ct values presented were consistent
with the control samples, confirming that the analysis was
performed correctly. This guarantees the reliability of the
analysis process and the fact that the results obtained accurately
reflect the biological data. The ORFab and N gene were
detected between 20 and 31 cycles. These were shown as
amplified targets during the PCR process. According to the
kit manual, patients up to <30 cycles were taken in the HEX

channel. The <30 cycle result shows that the amplification
process was performed with high precision. This cycle count
ensures the accuracy of the amplification process and high
safety reliability. Working with fewer cycles ensures that our
work is accurate and reliable (Figure 1).

Various markers were used to target human genome DNA
to control the quality of internal controls. This is important to
ensure that the PCR test works and that the results are
reliable. Below are the ones that are used to mark the human
DNA. GAPDH (Glyceraldehyde-3-phosphate dehydrogenase)
Praymeri Forward (Forward): - 5-TGCACCACCACCAAC
TGCTGTTAG-3' - Reverse (Back): - 5-GGATGCAGGGA
TGATGTTCT-3".

This was used in the PCR test to verify the quality of
internal control, and we can also verify that DNA
amplification was successful. The process of obtaining and
amplifying human genome DNA is important in each test
(Figure 2).

Cydies

Figure 1. ORF1ab and N gene in the PCR HEX channel
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Figure 3. FAM and HEX channel at PCR

Describes the results of an RT-PCR test performed to
detect SARS-CoV-2 RNA in samples of suspected COVID-19
patients (Figure 3). HEX — Virus-specific targets (Green) —
ORF1ab targets the ORF1ab gene associated with replication.
The N gene targets the N gene that codes for the nucleocapsid
protein of the viro. These two badges indicate the presence
and extent of viro. FAM Internal Control Targets (Blue):
A single target (GAPDH) in the human genome provides a
fluorescent signal. This gives an internal control confirming
that the test was successful.

The diagram below shows the virus-specific ORF1ab and
N gene targets, as well as the human genome-specific targets,
simultaneously. The positive results were 36. This approach
allows in addition to detecting SARS-CoV-2 infection, as
well as the possibility of internal control that confirms the
reliability and correctness of the test.

The procedure of extracting cDNA (complementary
DNA) from common RNA (total RNA) was performed
as follows in SARS-COV-2 positive samples. To isolate
k-DNA from RNA, the Reverta-L reagent kit developed by
the FBI Epidemiology Rospotrebnadzor was used. To 5 pl of
RT-G-mix, mix 6 pl of revertase (MMIv) and make the
vortex. We pour 10 pl of RNA sample into the finished 10 pl
mixture. We put 370 C multiplied by 30 minutes. Let's move
on to the next process of finished K-DNA.

We used 2S rRNA genes to determine the genotype of
bacterial microflora in SARS-COV-2 positive samples. The
resulting DNA was amplified. At this stage, the target
genes (16S rRNA) were multiplied. Targets were selected to
determine the genotype of bacteria using special pryors.16F
and 1492R pryors were used in general to identify the 27F
and 1492R rRNA genes. For amplification, a set of PZR RV
transfer reagents from Sintol (Russia) was used, according to
the manufacturer's specifications. For the amplification of
the 16S rRNA genes, 27F (5-AGAGTTTGATCMTGGCTC

AG-3') and 1492R (5'-GGTTACCTTTTGTTACGACTT-3)
were used as the inverse prayers. For each 25pl reaction, a
rate of 10 picomol of these prayers was used. The PCR cycle
was implemented as follows. For DNA denaturation, 3-5 min
at 95°C, 30 seconds at 94°C (denaturation), 30 seconds at
55°C (annealing of prayers), 1-1.5 min at 72°C (elongation).
These steps were repeated 35 times. The final elongation was
performed at 72°C for 5-10 min.

The amplification process was conducted in simple PCR
(BIORAD C1000 TouchTM Thermal Cycler) and the above
temperatures were applied. As a result of this process, the
proliferation of target genes was achieved.

After amplification, a 1.5% agarose gel electrophoresis
was performed. After electrophoresis, the gel was visualized
using a BIO RAD Chemi DocTM Imaging System device
and the DNA fragments were cut out on a transceiver (Fig. 1).
This system uses infrared or blue light, which indicates the
locations of DNA fragments on the gel. Jump to search the
size and location of each fragment corresponds to the
identified genotype. The process we described involves
separating DNA fragments by electrophoresis and then
visualizing them. We will discuss each stage of this process
and its purpose below.

PCR amplification product analysis. When the PCR
product is transferred through electrophoresis to a 1% agarose
gel, the length of the 16S rRNA gene is approximately 1.5 kb.
There are also special prayers for different groups of bacteria.

Developed, they adapt to specific groups of bacteria. The
gel can be observed using a UV transilluminator so that the
DNA bands are visible in bright light. The results were
photographed. By comparing the DNA fragments with the
fragments in the DNA marker, the PCR product or the size of
the DNA fragments was determined and the gel fragment
containing the DNA was cut using a clean scalpel. Cut the
piece as small as possible.
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N=36 of COVID-19 positive patients were electrophesized.
The percentage of fragments detected is 75 (n = 27).
Disambiguation pages with short descriptions This can
especially indicate bacterial infections along with viral infections
such as COVID-19. Based on these results, additional analyzes
and research were carried out.

Figure 4. 16S ribosomal RNA gene: Visualization and cross-cutting
process in agarus electrophoresis

PCR products or DNA fragments were purified from
agarose gel. When we measured DNA using a spectrophotometer
to determine its concentration and quality, the A260/A280
ratio was between 29.26 + 7.47 and the A260/A280 ratio was
between 1.8-2.0.

To prepare the DNA isolated from the agarose gel for
sequencing, we prepared it according to a sequencing protocol.
For sequencing prepared DNA material that meets its special
requirements. The precursors used in the sequencing process
were obtained in accordance with the PCR pramers. We
used specific prayers (27F and 1492R prayers) designed for
sequencing. Messengers play an important role in amplifying
the target DNA segment. The Big Dye Terminator (CIS) 1.0

Pseudomonas sp 8.70%

Agrobacterium tumefaciens 4.35
Chryseobacterium sp 4.35%

\\

package was used. We explain the temperature and time regime
given for operation as follows. This protocol is commonly
used for amplification during DNA sequencing. Amplification
was performed at the following temperature and time mode.
During the first heating phase, it was amplified for 1 minute
at 96°C and then the temperature was changed to 96°C (10
seconds), 50°C (5 seconds), and 60°C (4 min) for 25 cycles.
At the end of the process, an infinitely holding step at 4°C
was applied. We also used Sanger sequencing technology
to study the bacterial microflora of the upper respiratory tract
in COVID-19 positive patients. Nine hypervariable regions
(V1-V9) of the 16S rRNA gene were used in metagenomic
sequencing. It has been used to determine bacterial taxonomy,
such as offspring or species from different microbial populations.

During sequencing, a total of 192 bacterial strains were
isolated from 27 samples. Of these, 168 (87.5%) were found
to be saprophytes, and 24 (12.5%) were found to be bacteria
that were considered pathogenic to humans (Figure 4). They
can affect the condition of patients and the course of
treatment. Also, the strain of Stenotrophomonas maltophilia
NMO1 caught our attention. It is a strain of the bacterium that
belongs to the genus Stenotrophomonas maltophilia. This
bacterium is common in the natural environment. It is known
for its resistance to many antibiotics and has been found to
cause pneumonia in people with low immunity in some cases.

Bacterial diversity was observed among the samples
analyzed using Sanger sequencing technology. Below are the
main bacteria identified and their clinical features. The most
common bacterium is Staphylococcus aureus (21.74%).
This bacterium causes a variety of infections, including skin
infections, pneumonia, sepsis, and infections at surgical sites.
Klebsiella pneumoniae (17,39%) — Naturally present in the
mouth and intestines and, with changing conditions, can
cause illnesses such as pneumonia, urinary tract infections,
and sepsis.

Staphylococcus epidermidis 13.04%

<

Staphylococcus aureus 21.74%
L—""Klebsiella pneumoniae 17.39%

Haemophilus influenzae 8.70%

Figure 5. Bacterial microflora of the upper respiratory tract in COVID-19 patients
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Figure 6. The result of sequencing of polyvalent bacteria

A medium-sized bacterium is Staphylococcus epidermidis
(13.04%). These nosocomial infections can cause infections
in immunocompromised patients, mostly associated with
catheter or surgical implants. Stenotrophomonas maltophilia
(13.04%) is common in the natural environment and
sometimes occurs in nosocomial infections. The clinical
significance is that it is resistant to many antibiotics and
requires a special approach to treatment.

Rare bacteria are Pseudomonas sp, Haemophilus influenzae
(8.70%). It is common in the environment and can cause
serious nosocomial infections in patients with weakened
immune systems. Treatment can be complicated due to the
difficulty of treatment due to antibiotic resistance. Agrobacterium
tumefaciens (4.35%) is known mainly as a plant pathogen,
but can sometimes cause rare infections in people with low
immunity. The bacterium Chrysobacterium sp (4.35%) is
most commonly found in water systems in institutions. It can
cause sepsis or respiratory infections in immunocompromised
patients.

Sequencing results revealed bacterial diversity and their
clinical relevance. Because common pathogens such as
Staphylococcus aureus and Klebsiella pneumoniae can
cause serious infections and have antibiotic resistance, it is
imperative to develop effective detection and treatment strategies
for these bacteria. However, rare bacteria, including
Pseudomonas sp and Chrysobacterium sp, contribute to the
development of hard-to-treat infections.

This analysis shows the distribution of bacteria, which is
important for the emergence and treatment of infections.
Among the bacteria, there are species that require more
attention and can cause difficulties in treatment.

We can work with programs to read sequencing
results for bioinformatic analysis. Jump to search Sample
quality and purity are one of the most important factors
during the sequencing process. If you're outsourcing, be sure
to find out about their preparation requirements.

4. Discussion

Our knowledge of bacterial coinfections and their clinical
significance has changed significantly during the COVID-19
pandemic. A Peruvian hospital showed that the prevalence
of bacterial pathogens in patients with COVID-19 was 41%.
This indicator corresponds to the data in the range of 0.6-50%
given in the literature. [1]

One of the most important findings of our study is that the
traditional pneumonia causative agent (Staphylococcus
aureus). This result indicates the need to rethink empirical
antibacterial and antiviral therapy strategies. Even in a study
in China, co-infection of SARS-CoV-2 and the influenza
virus was recorded in only 0.4% of cases. [2]

Two factors may have contributed to the high prevalence
of bacterial pathogens. First, most patients had already taken
azithromycin prior to hospitalization, which may have changed
normal microflora and increased susceptibility to colonization.
Second, the molecular diagnostic methods used are highly
sensitive to traditional cultures. [3] [4]

The important point is that it is possible to determine
whether the microorganisms identified by molecular methods
are a real pathogen or a simple colonizer only on the basis of
clinical criteria. Metagenomic sequencing studies have shown
that certain bacteria, such as S. agalactiae, may increase ACE-2
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receptor expression and increase susceptibility to SARS-CoV-2
infection. [5]
Key limitations of our study include:

1. Widely used antibiotics before hospitalization
2. Relatively small sample size
3. Not a complete analysis of antibiotic use in the hospital

For future research, it is recommended to use metagenomic
sequencing techniques, study microbiome changes in
depth, and conduct prospective follow-up in an outpatient
setting. This will provide a better understanding of the role
and importance of bacterial coinfections in patients with
COVID-19.

5. Conclusions

These indicators are important in determining treatment
strategies for patients and identifying possible bacterial
infections. Results should be carefully analyzed to monitor
infections and take timely action.

The study helped identify changes in the nasopharyngeal
microbiota in COVID-19 patients and assess the risk of
secondary bacterial infections. The results showed that the
metagenomic analysis approach expands the diagnostic
capabilities.
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