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Abstract Aim of the study was to determine the possible relationship between the characteristics of the clinics and the
definition of the human papillomavirus with its viral burden. Material and methods. A study of 92 patients with respiratory
recurrent papillomatosis was conducted. There were 71 children and 21 adults. The mean age of children was 4.23+2.1, adults
— 34.2 years. The patients were performed an endoscopic examination with an assessment of the lesion according to the
Derkay scale (2010). The patients also underwent a determination of the human papillomavirus by means of the Real-time
polymerase chain reaction and a quantitative study to monitor the human papillomavirus for identifying a possible
relationship between viral burden and clinical course (prevalence, recurrence rate). Results. A study of 92 patients was
carried out: typifying revealed only HPV types 6 and 11, other genotypes were not detected. Quantitative analysis revealed
the presence of human papillomavirus 6, 11 in 87% of patients (n = 80), in 13% of cases (n = 12) human papillomavirus was
not detected by DNA research; signs of papillomas were noted histologically. Conclusion. Virological studies identified
HPV types 6 and 11 among 15 types in 87% of cases in patients with RRP; other types were not detected. In 13% of cases,
the virus was not identified. Determination of the level of HPV viral burden revealed a parallel with the clinical course
(proliferation, recurrence rate) in children and adults and determined the pattern of digital values. According to the HPV
viral burden and clinical data (points on the Dergay scale), it is possible to predict the course of RRP and make

recommendations for treatment.
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1. Introduction

Respiratory recurrent papillomatosis (RRP) is a term used
to describe an upper respiratory infection caused by human
papillomavirus (HPV) [1,4,5]. Although papillomas can be
present anywhere along the respiratory tract from the nose
to the lungs, they mostly appear in the larynx (over 95%
of cases) [1]. RRP manifests itself in both adulthood
and early childhood - juvenile-onset respiratory recurrent
papillomatosis [4,8]. A national study conducted in the
United States from 1994 to 2007 found the proportion of
juvenile respiratory papillamatosis of the larynx from 0.24
to 1.11 cases per 100,000 population. More recent studies
(2009) showed a wider range of data from 1.98 to 3.21 per
100,000 population [2].

The clinical picture of RRP is unpredictable: from
spontaneous remission to aggressive progression with spread
throughout the respiratory tube from the flesh to the lungs
with the death of the patient [11-12]. Patients with RRP
usually have non-specific symptoms of respiratory tract
lesion, including chronic cough, dysphonia and labored
breathing [13-14]. RRP often imitates other diseases such as
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laryngitis, asthma, stridor, therefore, mistakes in diagnosis
and errors in patient treatment often occur [15]. This is
especially true of juvenile RRP which is characterized
by more aggressive and recurrent course, and therefore is
considered separately [9].

Understanding the progressive nature of RRP and its
potentially lethal consequences is crucial for effective
intervention. Moreover, it is necessary to understand the
characteristic symptoms that should cause early suspicion of
this condition, despite the relative rarity of the disease [16].

In adults, RRP proceeds less aggressively relative to the
frequency of recurrence, but malignancy is typical for adults
which is associated with the same factors as the factors of the
formations development on the vocal cords [10].

Among high-tech diagnostics, the first place is taken by
polymerase chain reaction (PCR) - a method of in vitro
amplification of a target DNA. At the same time, not only the
types of HPV of the main genotypes are determined, but
also their quantitative content (viral burden). Quantitative
definition of the HPV content provides an interpretation of
the prognosis of HPV infection course (the presence of a
transient infection, the development of dysplasia or a high
risk of its progression) relative to genital HPV [3].

This study was conducted in Uzbekistan, where the level
of migration is high and the social level is not very high.
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According to the data of the republican scientific center of
employment and labor protection among migrants, the main
part is made up of young people 1-30 years old (52%). The
level of education: 7.7% of migrants have high education,
60% - with a secondary specialized education and 2.3% -
with incomplete secondary education, which is the basis of
the growth factors of RRP in children [17]. Knowledge of the
viral type and its viral burden in patients with RRP (or their
families) can be important in controlling relapses and
preventing RRP development.

We hope, this study will allow controlling relapses and
raising public awareness of the importance of knowledge
about RRP. There is a gradation of the HPV level in the
genitals and its comparison with the prognosis of cervical
cancer. However, the levels of HPV viral burden in the
genitals are not suitable for interpreting the respiratory tract
viral burden data for prognosis.

Aim of the study was of the study was to determine the
possible relationship between the characteristics of the clinic
and the definition of the human papillomavirus with its viral
burden.

2. Material and Methods

A study of 92 patients with RRP was carried out.
There were 71 children and 21 adults. The criterion for
the inclusion of patients in the study was the presence of
papillomas in the larynx region, determined by endoscopic
examination and confirmed by histological examination.
There was no age restriction. The children were at the age
from 1 to 17 years (mean age was 4.23 + 2.1). There were 37
of boys (52.1%) and 34 girls (47.9%). In the age aspect, the
group of preschool children (4-6 years) prevailed, have been
amounted to 43.7%. The second largest group was young
children (1-3 years) - 32.4% of patients. School-age children
(7-10 years) made up only 11.3%. (Tab. 1).

Table 1. The gender and age distribution of children with RRP

Age, years Total
Gender
1-3 4-6 | 7-10 | 11-17 | absolute %
Boys 13 20 1 3 37 52.1
Girls 10 11 7 6 34 47.9
absolute 23 31 8 9
Total 71 100.0
% 324 | 437 | 11.3 | 126

Adults were at the age from 18 to 59 years, with a mean
age of 34.2 years. Most of the patients were at the age from
18 to 44. Two patients were between the ages of 45 and 59,
and both patients were female with a history of non-smokers.
One of them had a voice burden; the second had no factors of
larynx irritation (Tab. 2).

The period between the onset of dysphonia and the visit
to a doctor made up six months in adults. When studying
concomitant pathology and negative factors in adult patients
with RRP, it was revealed that smoking was the main
negative factor (in 85.7% of cases according to the
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anamnesis); an almost equal proportion of patients had
gastroesophageal reflux disease (GERD) (42.8%) and
alcohol factor (52.3%). Respiratory factor was detected in 3
patients; two of them lived in a disadvantaged region close to
chemical plant, and one patient directly worked in a room
with a high level of toxic substances and heat (he kindled
natural coal) (Tab. 3).

Table 2. The gender and age distribution of adult patients with RRP

Age, years Total
Gender
18-44 45-59 absolute %
Males 17 2 19 90.5
Females 2 - 2 9.5
absolute 19 2
Total 21 100.0
% 90.5 9.5

Table 3. Characteristics of concomitant pathology and negative factors in
adult patients with RRP

Detection
Concomitant pathology, factors frequency
N =21 %
GERD (reflux, ulcer, gastritis,
Concomitant | cojitis) ( g 9 42.8
pathology - -
Arterial hypotension 5 23.8
Smoking 18 85.7
Alcohol abuse 11 52.3
Negative Obesity 1 4.8
factors Respiratory toxic factors at work
or place of residence (dust, 3 14.3
chemicals, book dust, etc.)
Increased voice burden 4 19.0

The period between the appearance of the first signs of
the disease in children with RRP (hoarseness) and visiting a
doctor ranged from 6 months to 2 years. Despite the fact that
the children were admitted at the age of 6 months to 17 years,
on average, the first symptoms appeared at the age of
2.71 years. When collecting anamnesis for juvenile-onset
respiratory recurrent papillomatosis, we also found that 62
(87.3%) of the examined children were first-borns and 9
children (12.7%) were born as the second child in the family.
At the same time, the mothers of the examined first-born
children gave birth within 2 years after contact with a sexual
partner, which corresponds to the literature data. Activation
and increased reproduction of the virus with clinical
manifestations in the form of papillomas and condylomas
occurs within 24 months with self-healing or transition to a
chronic form, in which the virus ceases to be determined by
currently available diagnostic methods. These data are also
confirmed by the anamnesis of mothers of children with RRP
which indicated the presence of papillomas in the genital
tract during pregnancy with a child with RRP (69%). At the
same time, skin manifestations of HPV in adult family
members in the form of multiple papillomas of the skin of the
neck, back and other parts of the body were detected in 59
families (83.1%) at least in one of the parents (unfavorable
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"family background" for papilloma virus infection).

Clinically, the patients underwent endoscopic
examination: children under 7 years old — flexible
videolaryngoscopy; adults and children over 7 years old
(if possible) were performed videostroboscopy to determine
the spread of the lesion. The lesion was assessed according to
the Derkay scale (2010).

Molecular analysis of HPV typifying and determination of
its viral burden was carried out using the Real-time PCR
method. The material was a tissue taken during surgical
intervention into sterile test tube. The condition for the purity
of the study was the sterility of taking the material to exclude
"dirty" infection of the laboratory sample. A molecular
biological study typified the following genotypes: HPV 6, 11,
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68. The research
was carried out at the “Immunogentest” Research Center
of the Institute of Human Immunology and Genomics of
Uzbekistan. This method allowed to determine the pathogen
and typifying, as well as to determine the quantitative study
of the virus in cells. The sensitivity of the method was
99-100%, the specificity - 99-99.9%.

3. Methods of Measurement

Absolute concentration - Copies of HPV DNA in the
sample volume (1 ml);

Relative concentration - Copies (Ig copies) of HPV DNA
per cell (genome) - per 1 cell - For 10 ~ 3 cells - For 10 * 5
cells.

Standard PCR kits of HPV KVANT-21 reagents (DNA
Technology, Moscow, Russia) were used to isolate genetic
material and to typify/quantify viral DNA. A quantitative
study to monitor HPV and identify a possible relationship
between the viral burden in a laboratory sample and the
clinical course (prevalence, frequency of relapses) was
carried out.

Method: Polymerase chain reaction with detection of
results in real time; qualitative and quantitative multiplex
analysis. The principle of the method is based on the use of
the process of DNA amplification using the polymerase
chain reaction (PCR). The amplification process consists in
repeated cycles of temperature denaturation of DNA,
annealing of primers with complementary sequences, and
subsequent extension of polynucleotide chains from these
primers with Taq polymerase.

Research using the HPV KVANT reagent kit consists
of the stages of DNA extraction (sample preparation)
and real-time PCR. To carry out PCR with detection of
results in real time we used detecting amplifiers (NPO
DNA-Technology LLC): DTlightl, DTprim2 and DT-96
with special software. Detection channels: Fam, Hex, Rox,
Cy5. In the kit, an internal control was added to the
composition of the mixtures for amplification, designed to
assess the efficiency of the polymerase chain reaction. One
of the mixtures was intended for amplification of human
genomic DNA and is used to control the collection of clinical
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material and normalize the amount of HPV DNA to the
number of human cells in a given sample.

List of indicators: Fam - HPV 31, HPV 52 HPV 45 HPV 6,
HPV 18, HPV 66, HPV 59; Hex - VK; Rox - HPV 35, HPV
33, HPV 82, HPV 44, HPV 39, HPV 26, HPV 56; Cy5 - HPV
16 HPV 51, HPV 11, HPV 58, HPV 53, HPV 73.

The detection limit for HPV genotypes was 5 DNA copies
per amplification tube (103 copies / ml of DNA preparation).
There are criteria for monitoring the level of genital HPV for
predicting cervical cancer: The amount of HPV DNA is not
determined in the absence of the virus in the test sample or its
minimum amount (below the detectable level) - the risk of
developing a pathological process associated with HPV is
minimal:

¢ Clinically insignificant concentration of the virus (less
than 10 copies of HPV DNA per 103 cells) - the
minimum risk of relapse, transient course of the viral
process.

o A clinically significant concentration of the virus (more
than 10 copies of HPV DNA per 103 cells) is a chronic
infection with a high risk of developing neoplastic
processes.

¢ More than 1000 copies of HPV DNA per 103 cells with
the established fact of persistent infection (HPV has
been detected for more than 1 year) - increased viral
burden.

e Reduction of viral burden by 10 times in 6 months -
transient infection.

e An increase in viral burden 6 months or more after
treatment indicates the possibility of relapse.

4. Results

A study of 92 patients was carried out: typifying revealed
only HPV types 6 and 11, other genotypes were not detected.
Quantitative analysis revealed the presence of human
papillomavirus 6, 11 in 87% of patients (n = 80), in 13%
of cases (n = 12) human papillomavirus was not detected
by DNA research; signs of papillomas were noted
histologically.

All patients in whom PCR did not reveal the presence of
HPV were children over 7 years old with repeated surgical
removal of RRP in early childhood. At the same time, the
papillomas remained stable, were not removed for some
period after the start of growth. In adults HPV was
determined in all cases. We consider that the absence of HPV
detection during PCR indicates remission, since clinically,
papillomas without growth were observed in this group of
patients for a long period. Patients most often admitted
for surgical intervention to improve the quality of their
voice. In patients in whom HPV was detected, significant
discrepancies were noted in the quantitative analysis of viral
burden: thus, a larger percentage of patients (31.5%) was
detected at the excess of 1,000,000 viral particles (HPV) per
1,000 human cells. However, it is worth noting that among
adults, the viral burden did not exceed 100,000 copies of
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HPV per 1000 cells of the material (Tab. 4).

5. Discussion

When comparing the viral burden data and clinical data, it
can be stated that at a viral burden up to 10,000 copies per
1000 cells, there was a weak growth of papillomas with rare
recurrences up to 1 time per year or less. At the same time,
according to the Derkay scale, the proliferation occurs within
2-3 areas (mild course of RRP). With a virus concentration
up to 1000 copies or less per 1000 cells, we determined
a mild course of RRP with the capture of one or two
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anatomical regions with rare recurrences associated with
previous colds or concomitant viral diseases. More severe
clinical course of RRP with frequent recurrences was
observed when the virus concentration was more than
1,000,000 copies per 1,000 cells with recurrences up to 3-4
times a year and proliferation of 5-6 areas with a narrowing
of 11-111 degrees. A moderate-severe course with the control
of the narrowing degree by surgical methods was observed
with a viral burden less than 1,000,000 and higher than
100,000 copies per 1000 cells with the recurrence 2-3 times a
year. Patients under constant observation are well controlled,
but require special cure (Tab. 5).

Table 4. Clinical characteristics of RRP patients with determination of HPV viral burden

Number of
Copies of Patients number o Number of Points by \ L
. . relapses per year
HPV/1000 cells (Children/adults/Total) % copies M+m a M+pm 4 Derkay, M+m Pearson's correlation index
Was not detected 12/0/12 13.0 - 0.5£0.025 2758023 | [-Pearson = 0.63 (median
correlation), p <0.05
Up to 10* 6/6/12 130 | 25:0.88x10° 0.77+0.05 6.01£1.2 r-Pearson = 0.55 (median
correlation), p <0.05
Up to 10° 6/15/21 228 | 2.87+231x10° 0.98+0.15 1228083 | '-Pearson = 0.6 (median
correlation), p <0.05
from 10°to 10° 18/0/18 196 | 4.02£3.74x10° 2.58+0.65 20.45:305 | |Pearson =0.85 (strong
correlation), p<0.05
Over 10° 29/0/29 315 | 214£1.63x10° 3.01+1.45 4g65:7.4 | I-Pearson =0.75 (strong
correlation), p<0.05
Total 71/21/92 100

Note: p* indices are considered reliable at a value of p<0.05

Table 5. RRP monitoring criteria for viral burden determination

Criterion Clinical manifestations

Prognosis Recommendations

N i i
ot detected dynamics for 6 months at any volume of lesion

Possible volumetric papillomas in one area, no growth

No recurrence (or very rare) Surgical treatment

HPV up to 10* per

Papillomas can occupy up to 3 areas without narrowing the

Rare recurrence, less than 1 .
Surgical treatment

10°%cells laryngeal lumen time a year
HPV up to 10° per Papillomas can occupy up to 5 areas, narrowing the lumen Surgical treatment, vaccine
3 - o - . Recurrence up to once a year -
10°cels of the larynx without causing signs of respiratory distress prevention

HPV from 10° to

10° per 10°cells of the larynx causing signs of respiratory distress

Papillomas can occupy more than 5 areas, narrow the lumen

Recurrence up to 2-3 times a

Interferon ther
year terferon therapy

HPV over 10° per
10% cells

Papillomas can be proliferated extralaryngeally, narrowing
the lumen of the larynx causing signs of respiratory distress

Interferon therapy

for a long time with local
injection into the papilloma
growth area

Often recurrence, over 3
times a year, poorly
controlled

The systemic interferon therapy performed by us showed
the best effect in the group with a severe course of RRP with
a viral burden of more than 1,000,000 copies per 103 cells:
at the same time, side effects were leveled against the
background of a decrease in recurrences of papillomatosis,
but the duration of treatment lasted 1 year and a large number
of side effects were observed, which was undesirable for
children-patients. In a group of patients with a viral load of
100,000 copies per 103 cells, a good effect was noted when
using interferon therapy from 3 to 6 months, with minimal
side effects. At a viral burden up to 10,000 copies per 10°

cells, we consider that it is inappropriate to use systemic
interferon therapy due to the large number of side effects.
The best effect was observed when using the Gardasil
vaccine with preventive purposes — its use leveled the growth
of papillomas for more than 3 years in groups with a viral
burden less than 100,000 copies per 10° cells. The growth of
papillomas in adults was completely absent, in children, a
repeated growth was observed more than a year later (the
reasons were a past respiratory infection). In groups up to
10,000 copies per 10° cells, special therapy is not required,
we recommend surgical removal of papillomas. A viral
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burden level less than 100,000 was considered a
prognostically positive moment in the development of
relapses and a criterion for the use of the vaccine to prevent
of papillomas recurrence. At the same time, the clinical
presence of papillomas (on endoscopy) and the absence of
its determination in molecular biological analysis do not
indicate the absence of HPV. Under unfavorable conditions,
activation of the virus and relapse of RRP is possible.
Determination of the viral burden more than 100,000 copies
per 10° cells is evidence of a severe course with a high
prognosis of a recurrence risk, with the development of
respiratory failure and the capture of more than 3 zones of
papilloma growth.

Determining the viral burden of HPV with a comparison
of clinical data gave us the opportunity to predict the course
of RRP, its relapses and to choose an appropriate treatment.

6. Conclusions

Virological studies identified HPV types 6 and 11 among
15 types in 87% of cases in patients with RRP; other types
were not detected. In 13% of cases, the virus was not
identified.

Determination of the level of HPV viral burden revealed
a parallel with the clinical course (proliferation, recurrence
rate) in children and adults and determined the pattern of
digital values.

According to the HPV viral burden and clinical data
(points on the Dergay scale), it is possible to predict the
course of RRP and make recommendations for treatment.
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