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Abstract

Viral hepatitis and human immunodeficiency virus (HIV) remain a major global public health 
problem. The microbiota plays a key role in maintaining normal homeostasis, morphogenesis, 
metabolism and immune system function.

The aim of the study was to examine the most frequently detected oral microorganisms in pa-
tients with viral hepatitis B, C and HIV-infection.

The main study group included 135 patients (I group with hepatitis B virus n=45, II group 
with hepatitis C virus n=45, III group HIV-infection n=45, IV group control group n=45) with 
oral mucosal lesions in the age range of 18-67 years. The control group involved 45 patients 
without hepatitis B virus, hepatitis C virus and HIV-infection with oral mucosal lesions, their age 
fluctuated from 20 to 69. 

We have studied the features of the formation of pathological biotopes in the oral cavity of pa-
tients with viral hepatitis B, C and HIV. The results of the microbiological examination of the oral 
cavity showed that the qualitative composition of the microflora did not differ in all main groups 
studied by us and in the control group. The spectrum of detected microorganisms was represented 
as pathogenic as well as conditionally pathogenic microorganisms and fungi. The presented data 
between different types of oral microorganisms will help overcome the limitations of current 
treatments and identify new targets for the treatment of complex polymicrobial infections. 

Taking into account the peculiarities of pathological changes and dysbiotic changes in the 
oral cavity of patients with viral hepatitis B and C and HIV-infection, it is necessary to develop 
and implement adapted schemes for individual oral hygiene, and the use of local probiotics in 
parallel with antiviral treatment of major diseases will lead to the correction of oral cavity mi-
crobiocenosis, depending on degree of dysbiotic shift.
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Introduction

Viral hepatitis and human immunodeficiency 
virus (HIV) remain a major global public health 
problem. So, to date, HIV has claimed more than 
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chronic hepatitis B virus (HBV) infection and 58 
million people have chronic hepatitis C virus 
(HCV) infection, with 1.5 million new infections 
each year [WHO, 2021a; b]. The number of people 
living with HIV in 2020 was about 1.5 million, the 
incidence number was 0.19 (0.13-0.27) per 1000 
uninfected population [WHO, 2021c]. 

Armenia is a country with the below-average 
income and has 3-5% prevalence of HCV among 
the general population. For this indicator Armenia 
is on the 3rd place among the post-soviet countries 
[Azatyan V et al., 2019]. The prevalence of HBV in 
Armenia is 2% [Azatyan V et al., 2019].

The dentist is one of the first specialists to face 
the symptoms of oral lesions in viral hepatitis B, C 
and HIV [Garbin C et al., 2014].

The microbiota plays a key role in maintaining 
normal homeostasis, morphogenesis, metabolism 
and immune system function, which plays a cru-
cial role for human health [Morgan X et al., 2013]. 
Oral microorganisms are the result of microorgan-
isms persisting in them, including those coming 
from other econiches of the macroorganism [El 
Aidy S et al., 2013]. The oral cavity is a specific, 
complicated and stable microbiocinosis and is a fa-
vorable environment for the growth and mainte-
nance of the vital activity of microorganisms 
[Flemming H et al, 2019; Zaura E et al., 2019]. 
Various tissues and organs of the human oral cav-
ity, for example, such as teeth, gums, gingival 
grooves, the mucous membrane of the tongue, 
cheeks, the hard and soft palates, have noticeable 
differences in the composition of the microbial 
communities inhabiting them [Dewhirst F et al., 
2010; Zhao Y et al., 2018]. 

It is known that the oral micro-
organisms are constantly under the 
influence of immunoglobulins, 
which are formed in the salivary 
glands, and their production does 
not depend on the content of immu-
noglobulins in the blood serum. A 
correlation has been established 
between a number of pathogenic 
and opportunistic microorganisms 

in 

the oral cavity with the processes of local produc-
tion, i.e. in situ immunoglobulins of class A and G, 
both in normal and pathological conditions [Wil-
son T et al., 2014]. The organs and tissues of the 
oral cavity are closely interconnected with the or-
gans and systems of the human body as a whole. 
Therefore, various oral mucosal lesions are devel-
oped as a result of internal diseases [Moyes D et 
al., 2016]. The changes in the mucous membrane 
of the oral cavity and periodontium can be aggra-
vated by accompanying systemic therapy, which 
leads to a decreased mucosal immunity of the mac-
roorganism and, as a result, to dystrophic and de-
generative changes in the oral cavity [Gheorghe D 
et al., 2018; Back-Brito G et al., 2019; Černáková 
L et al., 2020]. 

A series of works have been devoted to study-
ing the state of the oral mucosa and periodontium, 
the microbial composition in HBV, HCV, HIV in-
fections, in particular [Anwar K et al., 2012; Cho-
pra S, 2012; Ling Z et al., 2015; O’Brien S et al., 
2017]. So, in particular, dysbiotic changes in the 
oral cavity were revealed in patients with diffuse 
liver damage of viral etiology with periodontal pa-
thology against the background of long-term in 
situ persistence of Candida spp, Enterobacteria-
ceae and S. aureus [Laheij A et al., 2012; Desikan 
P et al., 2019]. Candida spp affected 90% of HIV-
infected patients [Traboulsi R et al., 2008; Ribeiro 
A et al., 2017]. The literary analysis shows that a 
rather narrow spectrum of microorganisms was 
studied in individual works. 

The aim of this study was to examine the most 
frequently detected oral microorganisms in pa-
tients with viral hepatitis B, C and HIV-infection.

Materials and methods

The main study group included 135 patients 
who were divided into groups depending on the 
underlying infectious disease (I group hepatitis B 
virus n=45, group II hepatitis C virus n=45, III 
group HIV-infection n=45, IV group control group 
n=45) with oral mucosal lesions in the age range of 
18-67 years, who were hospitalized in 2018 and 
2019 in “Nork” Infection Hospital and “Armeni-
cum” Medical Clinical Centre (Yerevan, Armenia). 
The control group involved 45 subjects without 
HBV, HCV and HIV-infection with oral mucosal 
lesions, who applied to Dental Clinic No 1 of Yere-
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van State Medical University in the same period. 
Their age fluctuated from 20 to 69. 

The viral nature of hepatitis and HIV was veri-
fied by the detection of hepatitis B virus deoxyri-
bonucleic acid, hepatitis C virus ribonucleic acid 
and HIV in the blood serum of the examined sub-
jects.

The samples taken with sterile tampons from 
the oral mucosa were used as the material for 
microbiological research. The tampons were im-
mersed in tubes with 5 ml meat-peptone broth 
and delivered to the laboratory for research no 
later than 2 hours from the moment the material 
was taken. From the source material, bacterios-
copy was performed to assess the general picture 
of the microflora and tenfold dilutions were pre-
pared in meat-peptone broth. The diluted sam-
ples were inoculated by the drop method on se-
lective and differential diagnostic media Endo 
agar, Salt Egg Yolk agar, Sabouraud, 5% blood 
agar. The incubation regime for the growth of 
microorganisms on solid selective and differen-
tial-diagnostic media was taken as follows: for 
Endo agar medium – 37° C for 24 hours, Salt 
Egg Yolk agar – 37°C for 24-48 hours, Sab-
ouraund – 37°C for 48-72 hours, blood agar – 
37°C for 24-48 hours respectively. The colonies 
grown on nutrient media when plated from max-
imum dilutions were subjected to group (for En-
terobacteria), generic (for Streptococcus, Can-
dida spp) and species (for Staphylococcus) iden-
tification. When assessing the quantitative 
growth of microorganisms involved in the oc-
currence of a regional infectious process, we 
used the general scheme of colony growth crite-
ria: 102-103 – scanty growth (10-25 colonies); 
104-105 – moderate growth (at least 50 colonies); 
106-108 – abundant growth (colonies are not 
counted) (Order No 535 of the Ministry of Health 
of the USSR dated April 22, 1985 “On the unifi-
cation of microbiological (bacteriological) re-
search methods used in clinical diagnostic labo-
ratories of medical institutions”) [Lagun L, 
2016]. Moderate and abundant growth of micro-
organisms is evident of the etiological role of 
this microorganism in the development of patho-
logical manifestations of oral mucosa. 

The final identification of microorganisms 
was carried out in accordance with the morphol-

ogy of the colonies grown on selective nutrient 
media, and with the subsequent determination of 
the biochemical properties (enzymatic activity) 
of the corresponding microorganism [Cha-
rousova I et al., 2017].

Statistical analysis: Descriptive analysis was 
computed for all variables of interest. Differences 
between two groups were evaluated using “chi-
square” or “Fisher’s exact” tests for categorical 
variables and “Wilcoxon signed rank test” for 
continuous variables. Spearmen correlation was 
performed for determination of relationships be-
tween continuous variables. Analyses were con-
ducted using Excel 2013, R software and program 
Vassar Stats to calculate Odds Ratio and 95% 
Confidence Intervals.

Results

We have studied the features of the formation of 
pathological biotopes in the oral cavity of patients 
with viral hepatitis B, C and HIV-infection.

The comparative analysis of the frequency and 
intensity of inoculation of individual microorgan-
isms between the main groups and the control 
group is presented in tables 1

As can be seen from the tables, scanty growth 
of microorganisms was detected in the majority of 
control group patients. Obviously, this criterion is 
not a sign of the pathogenicity of a microorganism 
(see Methodology). 

Actinomyces were examined separately and 
considered as different type of bacteria, as far as 
yeast-like fungi of the genus Candida (Candida 
spp) were also examined separately.

From the pathogenic microflora S. aureus and 
Str. pyogenes were sown more often (Fig. 1).

As can be seen in figure 1, patterns of detection 
of moderate and abundant growth of pathogenic 
microorganisms S. aureus and Str. pyogenes have 
the following picture. Moderate growth of S. au-
reus with HCV, p=0.38; OR = 1.78; 95% CI 0.75 to 
4.2 and with HBV, p<0.005; OR=0.51; 95% CI 
0.51 to 0.94, and Str. pyogenes had an identical 
picture, both in HBV and HCV (p<0.001; OR = 
0.29; 95% CI, 0.14 to 0.59). Abundant growth of S. 
aureus and Str. pyogenes was not observed in both 
HBV and HCV. It should be noted that the rates of 
moderate growth of both microorganisms are lower 
in HIV-infection, which, in our opinion, is ex-
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plained by the detection of a signifi-
cantly larger number of cases of 
abundant growth compared to the 
control (S. aureus in HIV-infection 
p<0.001; OR = 0.01; 95% CI, 0.0 to 
0.27; Str. pyogenes in HIV-infection 
p=0.013; OR = 0.01; 95% CI, 0.0 to 
0.69). 

From conditionally pathogenic 
microorganisms Enterococcus, Veil-
lonella, E.coli and Klebsiella were 
sown most often (Fig. 2).

As can be seen in figure 2, En-
terococcus behaved most favorably 
of all microorganisms, the growth 
of which was scanty (100%) in all 
patients of the control group and 
HBV patients. It was detected more  
often in HCV and HIV-infection 
comparing with control group 
(p<0.001). Veillonella behaves 
somewhat more aggressively than 
Enterococcus, which, significantly 
compared to the control group 
(HCV: p<0.001; OR=0.01; 95% CI, 
0.0 to 0.18 and HIV-infection: 
p<0.001; OR=0.01; 95% CI, 0.0 to 
0.13) showed moderate growth in 
all major groups (including those 
with HBV: p<0.001; OR=0.01: 95% 
CI, 0.0 to 0.16), and also, abundant 

growth in HCV (p=0.013; OR=0.01; 
95% CI, 0.0 to 0.69) and in HIV-
infection (p=0.0219; OR=0.01; 
95% CI, 0.0 to 0.95). E.coli and 
Klebsiella display practically the 
same concerning pathogenicity. All 
examined criteria of the growth 
(moderate and abundant), with high 
degree of authenticity practically 
identical as compared with the con-
trol group (p<0.001), except the 
moderate growth in HBV in which 
the difference of the data compared 
with the control is with low degree 
of significance (p<0.05; OR=0.01; 
95% CI, 0.0 to 1.45). Compared 
with the indicators of all four con-
ditionally pathogenic microorgan-
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Figure 1. Growth pattern of pathogenic microorganisms S. aureus (S.a.) and 
Str. pyogenes (S.p) with HBV, HCV and HIV-infection. Moderate growth (cyl-
inders), abundant growth (cones)

Figure 2. Growth pattern of conditionally pathogenic microorganisms En-
terococcus (A), Veillonella (B), E.coli (C) and Klebsiella (D) with HBV, HCV 
and HIV-infection. Moderate growth (cylinders), abundant growth (cones).
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isms, it is clearly seen that in all the main groups 
the abundant growth of E.coli and Klebsiella is the 
most pronounced. 

We also studied the fungi Actinomyces and 
Candida spp, which were also often sown from the 
oral cavity (Fig. 3).

When analyzing the data of Actinomyces and 
Candida spp, moderate growth was revealed in all 
the groups, with a high degree of reliability com-
pared with the control group in patients with HBV 
(p<0.001; Actinomyces OR=9.14; 95% CI, 3.05 to 
27.43; Candida spp OR=8.13; 95% CI, 2.9 to 
23.02) and HCV (p=0.004; Actinomyces OR=7.0; 
95% CI, 2.33 to 21.0; Candida spp OR=4.3; 95% 
CI, 1.52 to 12.34). In the group of patients with 
HIV-infection, the difference in data is statistically 
insignificant when detecting Actinomyces 
(p=0.0669; OR=2.91; 95% CI, 0.93 to 9.1) and 
Candida spp (p=0.267; OR=0.3; 95% CI, 0.06 to 
1.59), the abundant growth was found in patients 
with HCV (p=0.013; OR =0.01; 95% CI, 0.0 to 
0.69). The presence of abundant growth of Can-
dida spp in HIV-infection is very clearly seen 
(p<0.001; OR=0.01; 95% CI, 0.0 to 0.08).

Discussion

There is a homeostatic balance between the res-
ident oral microbiota and the host. The disruptions 
of microbiota of the oral cavity in certain condi-
tions can promote the growth of “non-oral” patho-
gens which are difficult to eliminate because of 
their higher stability to antimicrobial preparations 
which increase the probability of none- effective-

ness of treatment and repeated infection. The pres-
ence of these bacteria in the oral cavity has been 
proved to be associated with several oral diseases 
such as periodontitis, caries, and gingivitis, as well 
as systemic diseases important to clinical medi-
cine, such as cystic fibrosis, HIV, rheumatoid ar-
thritis, and others [Huh J, Roh T, 2020]. However, 
the question of whether these species are simply 
temporary members or pathogens to the oral cavity 
still remains controversial [Lee Y et al., 2021; Zaa-
tout N, 2021]. An imbalance in the microbial flora 
promotes the growth of various clinically impor-
tant pathogens commonly considered to be “non-
oral” bacteria, such as gram-negative E. coli, En-
terococcus and Staphylococcus [Van Winkelhoff A 
et al., 2016]. Studies have shown that they can 
occur in high numbers and move from transient 
species to oral colonizers in individuals with weak 
immunity [Arirachakaran P et al., 2016; Simões-
Silva L et al, 2018]. However, some studies have 
shown that they can also colonize healthy people 
[Ranganathan A et al., 2017; Chinnasamy A et al., 
2019]. Moreover, systemic colonization and infec-
tions associated with extra-oral bacteria (spherical 
- cocci and convoluted - spirilla and vibrios), iso-
lated from the oral cavity have been identified 
[Arirachakaran P et al., 2016; Ghapanchi J et al., 
2019], which makes the oral cavity a non -hospital 
reservoir [Kearney A et al., 2020].

As mentioned above, there are practically no 
works in the literature where a comparative analy-
sis of the microbial composition in HBV, HCV and 
HIV has been carried out. Single works are de-

voted to the study of the state of 
the microflora of the oral cavity in 
other diseases [Esaian M et al., 
2021]. It should be noted that the 
authors did not use the criteria for 
assessing the quantitative growth 
of microorganisms and brought 
only descriptive analysis indica-
tors. We also used these criteria, 
since only moderate and abundant 
growth indicates the etiological 
role of this microorganism in the 
development of pathological mani-
festations of the oral mucosa. In a 
microbiological study in patients 
with systemic sclerosis in a large 
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HCV and HIV-infection. Moderate growth (cylinders), abundant growth (cones)
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ously correlate with the validity of the data given 
by the above authors. Thus, abundant growth of 
Candida spp was detected with a high degree of 
certainty in 15.6% of patients with HCV (p=0.013) 
and in 95.6% of patients with HIV (p<0.001), 
which is a very convincing example of the pres-
ence of immunodeficiency in these patients.

 Unfortunately, the analysis of the literature 
shows that most of the works are experimental and 
are devoted to polymicrobial interactions, espe-
cially between commensal species with high 
pathogenic potential [Kong E et al., 2015, 2016; 
Schlecht L et al., 2015; Todd O et al., 2019; Zainal 
M et al., 2021]. In clinical practice, these issues 
remain largely understudied.

In microbial communities, fungi of the genus 
Candida not only experience antagonistic pressure 
from representatives of the normal microflora, but 
often form associations with other microorgan-
isms, which, on the contrary, contribute to the col-
onization of biotopes by fungal flora. Experimen-
tal work by Kong E.F. and co-authors (2015) show 
that although the dimorphic fungal species Can-
dida albicans and the bacterium S. aureus are com-
mon human colonizers, they are considered the 
leading conditionally pathogenic microorganisms. 
In particular, oral candidiasis, characterized by hy-
phae invasion of the oral mucosal tissue, is the 
most common opportunistic infection in HIV-posi-
tive and immunocompromised individuals. The 
obtained data showed that in mice with oral candi-
diasis, subsequent exposure to S. aureus led to a 
systemic bacterial infection with high morbidity 
and mortality [Kong E et al., 2015]. In vitro and ex 
vivo results demonstrate specific binding of Staph-
ylococcus to Candida hyphae elements [Schlecht L 
et al., 2015]. Our data show that, in parallel, the 
highest rates of abundant growth of S. aureus 
(31.1%) and Candida spp (95.6%) are observed in 
patients with HIV, in which there is the most pro-
nounced immunodeficiency. At the same time, in 
patients with viral hepatitis B, a moderate increase 
in Candida spp (55.6%) was observed, and in pa-
tients with viral hepatitis C, both moderate growth 
(40%) and abundant growth (15.6%) were ob-
served, which indicates a less pronounced decrease 
in immunity, which proves the absence of chronic 
pseudomembranous candidiasis of the oral cavity 
in patients with viral hepatitis.

number in the same percentage of cases (18.9%), 
pathogenic S. aureus and Candida albicans, S. 
viridans (in 15%) were detected, while Candida 
albicans was detected 3 times more often than in 
the control (p=0.049), Veillonella were also de-
tected in significant numbers [Esaian M et al., 
2021]. In our work, abundant growth of S. aureus 
(31.1%) and S. pyogenes (15.6%) was detected 
only in HIV, Candida spp (15.6% and 95.6%) and 
Veillonella (15.6%, 11.1%) – for HCV and HIV, re-
spectively.

Today, 14 species of Veillonella are known, 
seven of which can be isolated from the human 
oral cavity. In connection to similar biochemical 
and phenotypic characteristics, the identification 
of Veillonella species currently is mainly based on 
differences in genes [Aujoulat F et al., 2014; 
Mashima I et al., 2018; Luo Y et al., 2020]. Due to 
the fact that genetic studies are not available, and 
the purpose of our work was not to study certain 
strains of Veillonella, we limited ourselves only to 
its determination in the pathologies we studied. 
Moderate growth of Veillonella was determined in 
all major groups, while abundant growth of the lat-
ter was characteristic of HCV and HIV (15.6%; 
11.1%, respectively). Veillonella parvula is an an-
aerobic commensal and conditionally pathogenic 
microorganisms whose ability to attach to surfaces 
or other bacteria and form biofilms is important in 
order to colonize complex human microbial com-
munities such as the gut and oral microbiota 
[Béchon N et al., 2020]. Taking into consideration 
this fact, we will review our data below when de-
scribing polymicrobial interactions.

Fungi of the genus Candida, constituting a sig-
nificant part of the biocenosis of the macroorgan-
ism [Neville B et al., 2015], interact with other 
types of conditionally pathogenic microorganisms 
and representatives of the normal flora. The colo-
nization process of Candida spp in the human body 
is partly regulated by immune factors [Martins N 
et al., 2014]. Representatives of the Candida genus 
are typical causative agents of opportunistic infec-
tions and multiply their pathogenic potential under 
conditions of disturbances in the host’s immune 
system, as a result of which they can not only 
worsen the prognosis of the underlying disease in 
HIV-infected patients, but also be the cause of le-
thal effect [Pang W et al., 2018]. Our results obvi-
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A number of works are devoted to polymicro-
bial interactions of Veillonella and Streptococci 
[Mashima I, Nakazawa F, 2014; Ghapanchi J et 
al., 2019]. Thus, according to Luo Y.X. and col-
leagues (2020) in the conditions of saliva flow in 
the oral cavity, adherence of Streptococci provides 
a place for Veillonella, and in the absence of Strep-
tococci, Veillonella cannot attach and grow. 

According to the results of our research, the 
abundant growth of S. pyogenes (15.6%) and Veil-
lonella (11.1%) are observed almost equally in pa-
tients with HIV infection, which can be judged by 
the diverse picture of the microbial geography of 
the oral cavity, on the one hand, and are not char-
acteristic microorganisms in the development of 
candidal stomatitis in this group patients, on the 
other hand.

The works concerning the prospects for treatment 
in the presence of polymicrobial interactions are of 
particular interest. Thus, Kong E.F. and co-authors 
(2016) showed that, when grown together, fungi pro-
vide the bacteria increased tolerance to antimicrobi-
als. This process is mediated by polysaccharides re-
leased by the fungal cell into the surrounding envi-
ronment. The biofilm matrix formed by these poly-

saccharides prevents the penetration of drugs and 
provides the protection bacteria [Kong E et al., 2016].

One of the limitations of the study was that, re-
search participants with HBV, HCV and HIV-in-
fection were included from “Nork” Clinical Hospi-
tal of Infectious Diseases and “Armenicum” Clini-
cal Center registry and with consideration of their 
agreement to participate, we encountered with 
limitation for larger sample selection.

Conclusion

Understanding the patterns of interaction be-
tween different types of oral microorganisms will 
help overcome the limitations of current treatments 
and identify new targets for the treatment of com-
plex polymicrobial infections. Taking into account 
the peculiarities of pathological changes and dys-
biotic changes in the oral cavity in patients with 
viral hepatitis B, C and HIV-infection, it is neces-
sary to develop and implement adapted schemes 
for individual oral hygiene and the use of local 
probiotics in parallel with antiviral treatment of 
major diseases will lead to the correction of oral 
cavity microbiocinosis, depending on degree of 
dysbiotic shift.
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