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DERMATOLOGY

DERMATOLOGY AND TELEMEDICINE: GOALS, ADVANTAGES AND DISADVANTAGES
Dvornikov AS, Minkina OV, Grebenshchikova EG

, Vvedenskaya EV, Mylnikova IS

Pirogov Russian National Research Medical University, Moscow, Russia
COVID-19 pandemic has made changes to conventional health care. In view of the need for “social distancing”, telemedicine services became most in demand,
which constituted a reform of the previous doctor-patient relationship format; dermatology was no exception. Increased use of teledermatology (TD) all over the
world elevated the relevance of the set of challenges related to teledermatology potential and limits, particularly in the light of the expectations of the technology
broader application during the post-pandemic period. The review addresses the issues related to accounting for quality of health care, understanding the social
and humanitarian context of TD, as well as the impact on professional education.
Keywords: COVID-19, telemedicine, dermatology, teledermatology, bioethics
Author contribution: Dvornikov AS — study concept and design, manuscript editing; Minkina OV — study concept and design, manuscript writing; Grebenshchikova EG —
study concept and design, manuscript writing; Vvedenskaya EV — literature analysis, text writing; Mylnikova IS — literature analysis, text writing.
Correspondence should be addressed: Elena G. Grebenshchikova
Ostrovitianova, 1, Moscow, 117997; aika45@ya.ru
Received: 17.08.2021 Accepted: 27.08.2021 Published online: 31.08.2021
DOI: 10.24075/brsmu.2021.041

ДЕРМАТОЛОГИЯ И ТЕЛЕМЕДИЦИНА: ЦЕЛИ, ПРЕИМУЩЕСТВА И НЕДОСТАТКИ
А. С. Дворников, О. В. Минкина, Е. Г. Гребенщикова

, Е. В. Введенская, И. С. Мыльникова

Российский национальный исследовательский медицинский университет имени Н. И. Пирогова, Москва, Россия
Пандемия COVID-19 внесла изменения в традиционное медицинское обслуживание. В связи с необходимостью «социального дистанцирования» особенно
востребованными стали услуги телемедицинской помощи, что изменило прежний формат взаимоотношений врача и пациента; дерматология не стала
исключением. Активное использование теледерматологии (ТД) во всем мире актуализировало комплекс проблем, связанных с ее возможностями и
недостатками, особенно в свете ожиданий более широкого применения этой технологии в постпандемический период. В обзоре освещены вопросы
качества оказания медицинской помощи, понимания социогуманитарных контекстов развития ТД и последствий для сферы профессионального
образования.
Ключевые слова: COVID-19, дерматология, телемедицина, теледерматология, биоэтика
Вклад авторов: А. С. Дворников — концепция и дизайн исследования, редактирование статьи; О. В. Минкина — концепция и дизайн исследования,
написание статьи; Е. Г. Гребенщикова — концепция и дизайн исследования, написание статьи; Е. В. Введенская — анализ источников, написание
текста; И. С. Мыльникова — анализ источников, написание текста.
Для корреспонденции: Елена Георгиевна Гребенщикова
ул. Островитянова, д. 1, г. Москва, 117997; aika45@ya.ru
Статья получена: 17.08.2021 Статья принята к печати: 27.08.2021 Опубликована онлайн: 31.08.2021
DOI: 10.24075/vrgmu.2021.041

Teledermatology as a section of telemedicine
Telemedicine (ТМ) is an information and communication
technology for provision of health care and medical services,
based on remote data communication aimed at diagnosis and
treatment of the disorders, clinical and laboratory assessment
data analysis, and remote patient monitoring. The technology
can also be used as a professional educational resource
(“remote healing and specialized learning”). In the Russian
Federation, the term TM was established in 2001 in the
project of Coordination Council for TM of the Ministry of Health
of the Russian Federation, the Concept of TM Technology
Development in the Russian Federation. In 2017, the concept
of “telemedicine technology” was introduced at the federal
legislative level, which included two spheres of use: remote
care provision and electronic flow of medical documents [1].
Teledermatology (TD) involves the use of digital technology
making it possible to freely advise patients with disorders of
skin or it’s appendages regardless of the distance and time
zone; analyze the results of various types of studies, including
dermatoscopy images, by data transmission performed at a
time appropriate both for the patient and the physician; run
remote collegiate conferences in the situations, where the
expert opinion is required.
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Сonventional TD technologies are as follows: asynchronous
TD, or SAF (Store-and-Forward), which involves time
delay estimation of spatially dispersed images or any other
supplementary data; synchronous TD, or RT-TD (real-time
teledermatology), involving real-time video consultations;
hybrid model (SAF + RT-TD) and mobile TD [2]. Earlier, TD
most often involved the store-and-forward models. The
number of interactive RT-TD communication significantly
increased during the COVID-19 pandemic. Survey about the
effects of the pandemic on TD performed in May and June
2020, involving 591 dermatology practitioners being the AAD
(American Academy of Dermatology) members, showed that
only 14.1% of respondents used TD before the pandemic
compared with 96.9% after the COVID-19 emergence; 58.0%
of dermatologists assumed they would use TD in the future
regardless of the epidemiological situation; 72.0% of physicians
rated hybrid model as the most accurate [3].
According to a number of researchers, TD and face-to-face
consultations have comparable diagnostic accuracy [4; 5]. The
real-time work has certain definite advantages, such as firsthand opportunity to ask clarifying questions, resolve disputes
and explain obscure points in a timely manner, control patient’s
understanding of the recommendations received. However,
the quality of video used in RT-TD is usually lower than the

5

ОБЗОР

ДЕРМАТОЛОГИЯ

quality of static images used in SAF, particularly with respect
to teledermatoscopy and ultrastructural analysis of features in
melanocytic, vascular or keratinized cutaneous neoplasms.
In 2021, the results of 2632 TD consultations, conducted
from 16.03.2020 to 01.05.2020, were published: SAF
accounted for 36.2% consultations, and RT-TD accounted for
63.8%. A total of 54.2% medical service providers preferred
synchronous consultations for the reason of benefits provided
by face-to-face doctor-patient communication. No preference
was expressed for selection of TD modification for initial visit,
however, 66.7% of medical service providers selected RT-TD
for return visit; 87.5% preferred synchronous consultations for
patients with connective tissue diseases and immunobullous
disorders, as well as for patients receiving biological therapy
[6]. TD modification with greater differential diagnosis variability
in relation to particular patient was determined: with the use
of RT-TD, the number of diagnoses varied in the range of 1–5;
with the use of SAF, it varied in the range of 1–3. RT-TD provides
conditions as close as possible to in-person visit, therefore the
doctor-patient relationship can deviate from simple analysis of
actual data, which expands differential diagnosis and, in turn,
affects the diagnosis accuracy.
TD could prove indispensable for remote in-patient
assessment given insufficient staffing of hospitals all over the
world with dermatologists. The study of diagnostic impressions
and therapeutic recommendations in facility-based clinician,
external dermatologist (ED) and SAF teledermatologist (SAF-TD)
involving 100 patients revealed no substantial differences in
the diagnosis accuracy and subsequent prescribing therapy
between facility-based dermatogist and SAF-TD: ED advice
resulted in diagnosis change in 50.9% of cases, and SAF-TD
in 54.7% of cases respectively; ED changed systemic therapy
in 41.5% of cases, and SAF consultations resulted in treatment
adjustment in 47.2% of cases. When comparing ED and SAF-TD,
diagnostic complete and partial agreement were 52.8% and
84.9%, respectively; systemic therapy agreement was reached
in 77.4% of cases [7].
Mobile TD and teledermatoscopy (TDS) include the
expanded specialized TM services allowing one to send and
receive data via smartphones and appropriate applications.
Survey of dermatology practitioners in Australia showed that
more than 50% of respondents sent and received clinical
images on their smartphones at least weekly; this value in
young professionals and interns was 89% [8].
The researchers consider the opportunity to significantly
improve and quicken access to specialized health care in remote
regions understuffed with specialists the main advantage of TD,
making it possible to eliminate health inequalities. Moreover, TD
can improve access to treatment in patients, who face certain
social and economic barriers: childcare periods; decreased
mobility; severe social anxiety; complex work schedule
[9]. In these cases, there is particular interest in the use of
asynchronous TD: the physician performes assessment of
images, video and examination results without any in-person
visits, and usually spends less time on dealing with each
individual case, which can be considered an advantage given
the shortage of professionals. It is assumed, however, that the
patient would not deal with lack of attention from the doctor
during the remote consultation. In a survey of 52 patients with
acne, who used TM services during the pandemic, 92.3%
rated the attention paid by the dermatologist regarding their
disease as favourable; 86.5% of patients were satisfied with the
duration of the visit [10].
Moreover, at the level of general practitioner, TD enables
screening for various dermatological diseases assigning the
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patients an urgency category (“immediate” and “delayed”) for
further specialized care provision. Simple techniques allowing
the patients to improve the quality of skin lesion images to be
used during the further general therapeutic SAF consultations
themselves have been proposed: "tape dermatoscopy"
technique (immersion fluid placed on the lesion, covering the
lesion with transparent adhesive tape, recording the image
with a smartphone) [11]; “drop TD” technique (applying clear
alcohol-based sanitizer with subsequent recording of the image
using no adhesive tape) [12].
Limitations of teledermatology
Although the potential benefits of TM are obvious, and
dermatology, being a discipline based a lot on the use of
images, seems to be the most appropriate area of medicine
for the use of TM, the widespread adoption of TM in this area
meets serious resistance from healthcare professionals. For
example, poor stream video quality or sharing poor-qiality
image files can complicate the doctor-patient relationship and
result in various errors. Images of affected body regions having
insufficient resolution, as well as restricted photographing
private parts covered with rashes, could be a serious obstacle
to morphological elements assessment, analysis of the disease
development, diagnosis, and determining the required scope
of the examination.
When working in the TD format, there could not only be
technical difficulties, such as data networks integration, as well
as the issues related to licensing of TM systems, combining TD
data with electronic patient records, and financial reporting, but
also ethical dilemmas related to confidentiality of the information
provided, quality control in healthcare, and regulation of
the subsequent physician’s liability being the result of “longdistance” examination performed by specialist, even in case
the physician and the examined person come from different
jurisdictions [13].
The loss of real-life communication between the physician
and the patient is one the major ethical issues related to TD.
During the in-person consultation, dermatologist performs
general and specialized instrumental examination of the
patient, e.g. luminescence-based examination, diascopy,
etc., helping to distinguish dozens of disorders and establish
the presumptive diagnosis, inter alia based on the patient’s
scent, skin peeling pattern, tactile sensation in palpation, and
staining of the skin with special dyes. TD consultation deprives
the physician of this possibility. The vast majority of patients
reported satisfaction with the quality of healthcare services
during the study aimed to assess the patients’ perception of
technical expertise on the use of synchronous TM during the
COVID-19 outbreak. However, 68.7% of patients pointed out
they would prefer an in-person consultation for their next visit
rather than virtual consultation [14].
Despite years of efforts to implement TD and TDS for
skin cancer screening [15], as the pandemic continued its
progress, it became apparent that extended remote followup, delayed face-to-face assessment and surgery can result
in exacerbation of chronic disorders, and delayed cancer
detection and treatment. One notable limitation of TDS is
inability to perform full examination of skin on a regular basis.
Since the incidence of melanoma has increased more rapidly
compared to any other cancer type during the pre-pandemic
period [16], TDS innovations can exacerbate this dangerous
trend [17] and result in reduced early diagnosis and increased
mortality. The impact of time to definitive stage I–III melanoma
surgery on overall survival was assessed by using the National

ВЕСТНИК РГМУ | 4, 2021 | VESTNIKRGMU.RU

REVIEW
Cancer Database (153,218 patients) data [18]. Multivariate
analysis of cases in all stages showed that the patients who
were treated between 90 and 119 days, and more than 119
days after biopsy, had a higher risk for mortality compared with
those treated within 30 days of biopsy. It should be reminded
that survival rate in patients whose melanoma is detected
early reaches 99% [19]. The intra-group stage-based analysis
performed during this study revealed higher mortality risk in
patients with stage I treated more than 30 days after biopsy;
surgical timing did not affect survival in stages II and III.
Inability to perform procedures is one more notable limitation
of TD [20]. It was recognized in the beginning of the pandemic
[21], which reflected the situation in other areas of medicine,
where the need for various manipulations being a difficult if not
impossible task for a layman at home had become a problem.
Thus, despite the enthusiasm related to access to
dermatological care, clearly understandable during the
pandemic, TD still cannot compete with face-to-face
medical consultations and can be used in the situations with
no alternatives by fully qualified dermatologists. Moreover,
confirming the professional competence of the physician,
usually contacted by patients from anywhere in the world, also
becomes a problem.
It is also important to point out that TD cannot fully address
the problem of access to health care services, since not every
patient has the required level of literacy, as well as access
to broadband Internet and equipment for photography and
videoconferencing. This problem is urgent for many countries
and regions all over the world. Thus, in India, where the shortage
of dermatologists is particularly acute, TD has been treated as
a promising opportunity to revolutionize dermatological care
during the COVID-19 crisis. However, availability of stable
Internet connection and technological illiteracy have become a
serious obstacle for widespread adoption of TD in this country [22].
Teledermatology and specialists’ education
TM in the “doctor-to-doctor” format is also considered
an important educational tool for improving professional
competence in medical students, dermatology residents,
and professionals with little practical experience [23]. Some
professionals believe that integration of TD in residency training
programs could have a significant impact on the dermatologists’
professional competence formation.
Furthermore, such online education technologies as video
lectures, interactive teleconferencing, virtual microscopy, and
clinical simulation have become very popular among medical
students and resident physicians, and have proved to be
effective; these technologies could constitute a significant
proportion of self-directed clinical education and enable
objectification of the subsequent knowlege assessment.
According to the survey of dermatology residency program
directors conducted in 2016, 69% of respondents were
interested in potentially incorporating TM into their curriculum [24].
However, to practice to the fullest extent, dermatologist
should have not only deep theoretical knowledge and large
visual memory storage capacity, but also possess various
surgical and procedural skills. To date, online broadcasting
of surgery performed by highly qualified professionals is
quite common. However, despite the attractiveness of TM,
productive TM applicability in students, resident physicians
and experienced physicians differs [25]. The experience
of Netherlands and Australia, where TD is integrated into
health system as an important supplement to conventional
dermatological care, and the electronic records are accessible
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to all users of the system, is a successful model of using new
technology [26].
Teledermatology in the context of healthcare digitalization
The use if ТМ in dermatology is a part of a broader trend of
health care digitalization, improvement of health care capacity
due to strong deployment of information and communication
technologies at different levels of the health system
organization, as well as in extra-clinical sphere as a result of
rapid development of the mobile health (mHealth) market.
The clinical decision support programmes based on
deep learning and artificial intelligence (AI) technologies are
being vigorously developed. The results of the diagnostic
performance comparative analysis performed in 2020 in
human subjects and ResNet34 system, being a convolutional
neural network (CNN), involved construction of contemporary
computer vision models in multiple settings. In an effort to
identify optimal conditions for further beneficial humancomputer collaboration, a total of 302 physicians from 41
countries were surveyed: board-certified dermatologists
accounted for 56.0%, dermatology residents for 25.5%, and
general practitioners for 12.6%. During testing with the use
of benchmark test set (1412 dermoscopic images) of various
cutaneous neoplasms (melanoma, basal cell carcinoma,
actinic keratosis, intraepithelial carcinoma, melanocytic nevi,
benign keratinized neoplasms, dermatofibroma, vascular
lesions), the ResNet34 sensitivity in all categories of images
was 77.7%, and the accuracy was 80.3%. ResNet34 was
most beneficial in assessment of such pigmented lesions as
actinic keratosis and intraepithelial carcinoma compared to
other types of lesions. Medical decision-making support with
AI-based multiclass probabilities improved the accuracy of
human raters’ work from 63.6% to 77.0%, however, it was
of little effect when predicting lesion malignancy in laboratory
settings. According to the authors, the AI-based computer
system performance should be tested not only in real world,
but also by the target user. These systems should not be
recommended as standalone devices for widespread use [27].
It is quite clear that AI-based diagnostic systems would not
replace dermatologists in the near future. However, significance
of such systems for diagnosis and increased provision of care
cannot be denied. Both physicians and patients aware of
the advantages and limitations of health care technological
innovation given the specificity of dermatology as the field of
medicine should be ready to use the AI-based technologies.
Conclusion
The experience of the TD broader use during the pandemic
revealed both TD potential and limitations, many of which had
been previously discussed by the specialists. It is obvious
that most of the issues would gradually be resolved due to
new technology development (for example, image quality
improvement), development of ethical standards and legal
norms (issues of confidentiality protection), bridging the digital
divide between the generations, active incorporation of TD
programmes into medical education, and would encourage
the further development of this field of medicine. However, the
development of TD in a socially responsible and patient-oriented
manner requires understanding both dermatological care
peculiarities (the need for visual and instrumental examination,
as well as for face-to-face contact) and the features of doctorpatient relationship, which largely determine the diagnosis and
treatment success.
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АБЕРРАНТНЫЙ ЧЕЛОВЕЧЕСКИЙ ГЕН FUS[1-359]
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Повреждение сетчатки является неклассическим симптомом ряда нейродегенеративных заболеваний, включая боковой амиотрофический склероз
(БАС). Целью работы было оценить морфофункциональное состояние сетчатки в мышиной модели БАС, связанной с суперэкспрессией аберрантного
белка FUS[1-359]. Исследование проводили на 12 трансгенных и 13 диких мышах 2,5–3-месячного возраста. Выявлено, что трансгенные мыши
демонстрируют выраженную, но не достигающую статистической значимости тенденцию к развитию офтальмоскопических аномалий сетчатки.
Кроме того, молекулярно-биологический анализ подтвердил увеличение экспрессии провоспалительных генов Vegfa, Il1b, Il6, Icam1, Tnfa. При
этом, несмотря на обнаруженные структурные и функциональные аномалии, вестерн-блот анализ и количественная ПЦР не выявили экспрессию
белкового и мРНК продукта трансгена FUS в сетчатке мутантных мышей.
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ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ
The retina is the most accessible for examination part of the
nervous system and it is one of the most vulnerable sensory
tissues. Such properties make the study of neurodegeneration
ophthalmic correlates highly relevant, opening up opportunities
for improving the diagnostics and study of neurodegenerative
processes. Due to embryonic commonality and similarity of
proteomic composition, the retina can serve as a platform for
the development of pathological cascades the central nervous
system is prone to [1]. In particular, retinal damage was found
in amyotrophic lateral sclerosis (ALS) [2, 3], a disease caused
by accumulation of insoluble protein aggregates leading to
progressive death of motor neurons [4].
Protein inclusions in ALS have a complex composition and
can consist of various proteins, such as RNA-binding proteins
or the antioxidant enzyme superoxide dismutase 1, as well as
neurofilaments or ubiquitin [5]. In 5% of familial cases, ALS is
associated with the accumulation of aggregates, the main
component of which is the FUS protein. One of the cause for
the development of FUS proteinopathy is mutations in the
nuclear localization signal (NLS) domain and the leak of the
protein from the nucleus into the cytoplasm, where it is prone
to form insoluble aggregates [6].
With all this background the aim of this study was to
assess the relationship between neuronal expression of the
pathological form of the FUS protein and the activation of
several pathological pathways in the retina.

ГЕНЕТИКА

After lysis of the sample in the reagent, it was subjected
to chloroform extraction. The formed RNA precipitate was
washed sequentially with isopropyl alcohol and 70% ethanol.
The resulting precipitate was diluted in 20 μL of water, and the
concentration of the isolated RNA (~ 200 ng/μL) was measured
using an IMPLENNanoPhotometer® spectrophotometer (Implen;
Germany). Reverse transcription was performed using the
MMLVRTSK021 kit in accordance with the manufacturer's
protocol (Evrogen; Russia).
Primers for quantitative PCR were designed with use of
Primer-BLAST resource (NCBI) in compliance with the following
requirements: 1) melting temperature 59–61°C; 2) one of the
primers in a pair should span exon-exon junction; 3) forward
and reverse primers should not form auto- and cross dimers;
4) the size of the PCR product should be from 95 to 200 bp;
the primers must be specific to the maximum number of gene
transcripts.
Quantitative PCR was performed in a BioRad CFX96
amplifier using the SYBR® Green Master Mix intercalating dye
(Bio-Rad Laboratories, Inc .; USA) and oligonucleotide primers
(Evrogen; Russia) (Table 1). The expression level of genes of
interest (GOI) was assessed relative to the housekeeping genes
(HKG) Gapdh and Actb. Expression at a specific point was
calculated using the formula: Gene expression = 2 ^ [(Ct (HKG)
-Ct (GOI)].
Western blot

METHODS
Animals
Transgenic mice carrying the sequence of the aberrant human
FUS gene encoding a protein with artificially truncated NLS
(FUS[1-359]) [7] were used as a model recapitulating FUS
proteinopathy. The FUS[1–359] murine model is characterized
by progressive paralysis with onset at the age of 3–4 months
accompanied by the development of morphological and
molecular signs of neurodegeneration, including neuronal
death and neuroinflammation [8].
The study was carried out on 25 CD-1 mice (both sexes),
12 of which were FUS hemizygotes, and 13 served as wild-type
controls. The mice were kept in conditions of constant access
to water and food. Light cycle — 12 h/12 h, illumination — 40–50 lx,
temperature — 23 ± 1 °С, humidity — 42 ± 5%. At the age
of 80–90 days, mice were sedated (Zolazepam + Tiletamine
+ Xylazine) for ophthalmoscopy. A brief clinical examination
performed before sedation allowed to exclude animals with signs
of inflammatory changes in the anterior chamber of the eyeball.
Ophthalmoscopic examination was performed after application
of 1% atropine sulfate. To perform quantitative objective analysis,
the ophthalmologist assessed the fundus picture on a point scale
from 0 to 5, where 0 points — no violations, and 5 points —
severe abnormalities. Ophthalmoscopy scoring results presented
as M ± SD; statistical significance for intergroup differences was
challenged using the Kruskell–Wallis test. After ophthalmoscopic
examination, the animals were euthanized with an overdose of
anesthesia for further collection of biomaterial: totally 24 retinal
samples were taken from 6 animals from each group for gene
expression assay, and 8 retinas and 4 lumbar spinal cord samples
were collected from 4 animals for western blot analysis.
Quantitative PCR
Contralateral retinas from each animal were pulled and
incubated for 15 min in ExtractRNA solution (Evrogen; Russia).
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Retinal samples were pulled from two animals belonging
to the same group. After separation in the gel, the proteins
were transferred by semi-dry electroblotting onto a Hybond-P
polyvinylidene fluoride membrane (Cytiva; UK) pretreated with
100% methanol, washed with MilliQ water, and soaked in
transfer buffer containing 25 mM Tris, 0.15 mM glycine and
20% methanol. Then the membrane with gel placed between
tightly pressed two sheets of soaked 3MM Wathman paper
and transferred into in a semi-dry blotter (GE Healthcare
Amersham; USA) allowing proteins to diffuse to the membrane
for 30 min at 50 mA (1.2 mA by 1 cm2). After electroblotting,
the membrane was washed in Tris-Tween buffer (TTB; 50 mM
Tris-HCl pH 7.4, 150 mM NaCl, 0.1% Tween-20) 3 times for 5
min. The membrane was blocked in a 4% solution of nonfat
dry milk in TTB for 1 h at room temperature, then incubated
with primary antibodies in the same solution at 4 °C overnight.
After incubation with primary antibodies, the membrane was
washed in TTB 3 times for 5 min and incubated with secondary
antibodies for 1.5 h at room temperature, and then rewashed
in TTB 3 times for 5 min. Detection of specific binding of
antibodies was performed using ECL Plus reagents (Cytiva; UK)
according to the manufacturer's instructions. X-ray film was
used to detect chemiluminescence. Semi-quantitative assay
of the westerns was performed using densitometric analysis
using a BioSpectrum AC Chemi HR410 instrument and Vision
Works LS software (UVP; Great Britain). When carrying out
densitometric analysis, the specific signal from the analyzed
protein was normalized in relation to the signal from β-actin
(after the membrane reincubation with the corresponding
antibodies) for each lane separately.
RESULTS
FUS[1-359] transgenic mice show mild ophthalmoscopic
abnormalities.
In both groups, some of the animals were found to have
vascular anomalies and edema of the optic disc, which is
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Table 1. Primers, used for gene expression assay
Target gene

Actb

Forward primer sequence

Reverse primer sequence

Product length, b.p.

5'–CGC AGC CAC TGT CGA GTC–3'

5'–GCC CAC GAT GGA GGG GAA TA–3'

195

Gapdh

5'–AGG AGA GTG TTT CCT CGT CC–3'

5'–TGA GGT CAA TGA AGG GGT CG–3'

145

Icam1

5'–CAT GCC GCA CAG AAC TGG AT–3'

5'–GGT GTC GAG CTT TGG GAT GG–3'

116

Il6

5'–AAA GCC AGA GTC CTT CAG AGA GA–3'

5'–TGG AAA TTG GGG TAG GAA GGA CT–3'

100

Il1b

5'–GCC ACC TTT TGA CAG TGA TGAG–3'

5'–GAC AGC CCA GGT CAA AGG TT–3'

95

Tnfa

5'–ACT GAA CTT CGG GGT GAT CG–3'

5'–ACT TGG TGG TTT GTG AGT GTG–3'

105

Vegfa

5'–GCA CTG GAC CCT GGC TTT AC–3'

5'–CCA CCA GGG TCT CAA TCG GA–3'

152

Bdnf

5'–CCT GCA TCT GTT GGG GAG AC–3'

5'–GCC TTG TCC GTG GAC GTT T–3'

175

Atg7

5'–GCG GCG ACA GCA TTA GGA TT–3'

5'–ATG GCA GGA AAG CAG TGT GG–3'

118

Atg5

5'–TCA GCT CTT CCT TGG AAC ATC AC–3'

5'–AAG TGA GCC TCA ACC GCA TC–3'

95

Bax

5'–CGA GAG GTC TTC TTC CGG GT–3'

5'–TCT TGG ATC CAG ACA AGC AGC–3'

197

Bcl2

5'–CTG GGA TGC CTT TGT GGA ACT–3'

5'–GGC AGG TTT GTC GAC CTC A–3'

155

routine finding for CD-1 mice [9, 10]. Statistical analysis did
not reveal significant differences between transgenic and wildtype animals; however, FUS[1-359] mice showed a tendency
towards more pronounced violations in all studied parameters
(Fig. 1).
Truncated FUS is not expressed in the retina
Western blot analysis did not reveal the presence of a FUSimmunopositive signal in the retinal tissues of transgenic mice
(Fig. 2). Furthermore, quantitative PCR also did not detect FUS
at the mRNA level. Thus, expression assay did not confirm
retinal expression of the transgene at either the transcriptome
or protein levels.
Transgenic FUS[1-359] mice are characterized by increased
expression of proinflammatory genes in the retina
Gene expression assay found increased levels of
proinflammatory factors Vegfa, Icam1, Il6, Il1b, and Tnfa in the
retina of transgenic FUS[1-359] mice. No pronounced changes
in the expression of genes related to neuroplasticity (Bdnf),
autophagy (Atg7, Atg5), and regulation of apoptosis (Bax, Bcl2)
were found (Fig. 3).

А

DISCUSSION
Retinal involvement has been found in various neurodegenerative
diseases, including Alzheimer's disease [11], Parkinson's
disease [12, 13], and frontotemporal dementia [14]. Not
surprisingly, mild ophthalmic abnormalities are also a frequent
non-motor symptom of ALS [15]. Among typical clinical
findings, color vision impairment [16], as well as thinning of the
retina [17] and macula [18–20], are described.
In our study, we did not find significant differences in
the severity of ophthalmoscopic changes in the studied
animals. Nevertheless, for all studied parameters, an
obvious tendency towards more pronounced disorders was
revealed in transgenic FUS[1-359] mice. Particularly bright
differences were found in relation to the retinal vasculature,
which is consistent with the results of the previous report
[21].
Since transgene is not expressed in the retina, we aimed
to elucidate the mechanisms of retinal degeneration by
studying the activity of the most common molecular pathways
of neurodegenerative damage to motor neurons. In this
regard, as the primary targets we focused on genes related to
inflammation, apoptosis, and autophagy. Although pathways
of autophagy [22–24] and apoptosis [25] are deeply involved in

B

WT
FUS

Level of violations (scores)

4

3

2

1

0
Optic disc

Arteries

Veins

Retinal
tissue

Fig. 1. Results of ophthalmoscopic examination. A. Representative ophthalmoscopic pictures of experimental animals. B. Results of scale scoring of ophthalmoscopic picture
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Retina
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ГЕНЕТИКА
Spinal cord
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55

B-Actin

42

Fig. 2. Absence of truncated FUS protein in retinal tissues of transgenic mice

Fig. 3. Normalized heatmap for relative expression of genes related to inflammation (Vegfa, Icam1, Il6, Il1b, and Tnfa), neuroplasticity (Bdnf), autophagy (Atg7, Atg5),
and regulation of apoptosis (Bax, Bcl2)

ALS as confirmed by various in vivo and in vitro studies, we did
not find changed expression of genes Atg7, Atg5, Bax, Bcl2.
However, the expression of the Vegfa, Icam1, Il6, Il1b, and Tnfa
genes was altered markedly, indicating the role of inflammation
in the mechanisms of retinal degeneration in FUS[1-359]
mice. These findings are consistent with previous results
regarding the dramatic role of inflammatory activation (and its
pharmacological suppression) in the FUS[1-359] mouse model
[26, 27].
Thus, despite truncated FUS protein is not expressed
in retinal tissue, transgenic animals show signs of retinal
abnormalities. Potential mechanisms of damage to the eye

fundus may include activation of microglia [28], vascular
regression [20], and neuro-phthalmic interactions through the
glymphatic system [29].
CONCLUSIONS
The study has demonstrated that transgenic FUS[1-359] mice
are prone to the development of structural and functional
abnormalities of the eye fundus, despite the absence of
transgene expression in the retina. Further detailing of identified
violations can highlight the most significant pathways of FUSassociated retinopathy.
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EVALUATION OF SARS-COV-2 VIABILITY ON EXPERIMENTAL SURFACES OVER TIME
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Infected SARS-CoV-2 virus occurs not only through contact with an infected person, but also through surfaces with wich the illnes has contacted. The problem of
preserving an infectious virus over time capable of infecting remains actual. We evaluated the SARS-CoV-2 viability preservation on different model surfaces over
time. Ceramic tiles, metal (aluminum foil), wood (chipboard), plastic and cloth (towel) were used as model materials. Assessment of the presence of SARS-CoV-2
RNA was carried out by quantitative RT-PCR. Viable virus was determined by tissue culture assay on 293T/ACE2 cells. It was found that the SARS-CoV-2 RNA
was detected on all studied surfaces for 360 minutes, but a significant decrease RNA by 1 log10 copies/ml was detected after contact of the virus with cloth (towel).
While the viability of the virus was completely lost after 120 minutes. Type of experimental surface significantly affects viability preservation.
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ОЦЕНКА ЖИЗНЕСПОСОБНОСТИ SARS-COV-2 НА ЭКСПЕРИМЕНТАЛЬНЫХ
ПОВЕРХНОСТЯХ ВО ВРЕМЕНИ
М. А. Никифорова1

, А. Э. Синявин1,2, Е. В. Шидловская1, Н. А. Кузнецова1, В. А. Гущин1,3
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Заражение вирусом SARS-CoV-2 происходит не только при непосредственном контакте с инфицированным человеком, но и через поверхности,
с которыми соприкасался больной. Вопрос сохранения инфекционного вируса, способного заразить спустя время, остается открытым. Целью
исследования было изучить жизнеспособность SARS-CoV-2 на различных модельных поверхностях с течением времени. В качестве модельных
материалов были использованы керамическая плитка, металл (алюминиевая фольга), дерево (ДСП), пластик и ткань (полотенце). В ходе исследования
проводили оценку наличия РНК SARS-CoV-2 методом количественной ОТ-ПЦР. Жизнеспособность вируса определяли на клеточной линии 293T/ACE2.
Показано, что РНК SARS-CoV-2 продолжала детектироваться спустя 360 мин, но значительное снижение РНК на 1 log10 копий/мл обнаружено после
контакта вируса с тканью (полотенцем). Жизнеспособный вирус практически полностью отсутствовал через 120 мин. На жизнеспособность вируса
значительно влияет тип экспериментальной поверхности.
Ключевые слова: коронавирус, SARS-CoV-2, жизнеспособность, поверхность, ПЦР
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Environmental surfaces are suspected to be contaminated with
the SARS-CoV-2 and are likely sources of COVID-19 transmission
[1]. The World Health Organization (WHO) has found that there is
still not enough scientific evidence of the viability of SARS-CoV-2
on inert surfaces. Scientific reports on the viability of SARSCoV-2 report that the virus can persist differently according to
the surface, from hours to days. For example, the SARS-CoV-2
is stable on glass, stainless steel, cardboard, and copper with
durations detected up to 84, 72, 24, and 4 h, respectively [2].
However, the fact that the virus is present on the surface
does not mean that the surface itself is dangerous and can
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become a source of infection [3, 4]. At the same time, there is
data showing that SARS-CoV-2 is transmitted between people
by touching surfaces that have recently been in contact with
COVID-19 patients (coughing or sneezing), and then directly
touching the mouth, nose or eyes [5, 6].
Other studies show that after a 3-hour incubation the
infectious virus is not detected on the paper for printer and
napkins or on treated wood and cloth in one day. In contrast,
SARS-CoV-2 was more stable on smooth surfaces. Thus 39
non-infectious samples were positive, which indicates that
non-infectious viruses could still be detected [7].
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Fig. 1. Stability of SARS-CoV-2 on model surfaces under different conditions. Various experimental surfaces were inoculated with 0,4 × 105 TCID50/ml SARS-CoV-2 and
incubated at room temperature. At indicating time points the virus were eluted and residual virus was detected by (A) qRT-PCR or (B) viable virus titer was determined
by tissue culture assay on 293T/ACE2 cells.
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Therefore, our study is paid to the types of surfaces that
are most common around us and can pose a risk in terms of
transmission of the SARS-CoV-2. We also compare the viability
of the virus on different surfaces over time using quantitative
RT-PCR and cell culture.
METHODS
Modeling of the SARS-CoV-2 in time viability preservation upon
contact with five model materials was carried out in laboratory
controlled experimental conditions, steady relative humidity (5560%) and temperature (22–24°C). The most common materials
including ceramic tile, metal (aluminum foil), wood (chipboard),
plastic, and cloth (towel) had been used. SARS-CoV-2 strain
PMVL-3 (GISAID: EPI_ISL_470897) was isolated from naso/
oropharyngeal swab and propagated on Vero E6 cells (ATCC
CRL-1586). A 15 μl of viral culture the SARS-CoV-2 (containing
0,4 × 105 TCID50/ml) was pipetted on a surface (~ 1.5–2 cm2) of
each material in quintuplicate. Groups of sample material and
virus control were incubated for 0 min, 15 min and 30 min (wet
surface) or 120 min and 360 min (dried at room temperature).
After virus exposure, the virus was eluted from the experimental
surface with 200 μL of PBS.
Assessment of the presence of SARS-CoV-2 RNA
was carried out by quantitative RT-PCR. Viable virus was
determined by tissue culture assay on 293T/ACE2 cells and
virus titer was calculated using the Reed and Muench method.
The data was processed in the GraphPad Prism 7 software
and analyzed using the ANOVA Kruskal-Wallis test. Differences
were considered statistically significant at p < 0.05.
RESULTS
According to the results of the experiments, it was found that
SARS-CoV-2 RNA is detected on all experimental surfaces.
Significant reduction of 0.5 log10 copies/ml SARS-CoV-2 RNA
was observed upon contact of the virus with wood (chipboard)
for 15 min, as well as on 1 log10 copies/ml SARS-CoV-2 RNA
on contact with metal and plastic, after 15 min and 30 min
respectively. However, in all eluates from experimental materials
at both 120- and 360-minutes exposure were detected a high
level of SARS-CoV-2 RNA (Fig. 1A). A significant reduction by
1 log10 copies/ml of SARS-CoV-2 was noted after exposure for
6 h on a cloth (towel) sample. But, in general, the amount of
SARS-CoV-2 RNA was stably high in all kinds of surface and
did not differ from virus control (sample not in contact with the
material).
Determination of the infectivity of SARS-CoV-2 after contact
with model materials on 293T/ACE2 cells showed a sharp
decreased viability of SARS-CoV-2 after 120 min (Fig. 1B). The

virus titer gradually decreased depending on the material in the
following order: ceramic tile → metal → wood (chipboard) → plastic
→ cloth (towel). After 120 min exposure of virus on materials
such as plastic and a cloth (towel), the infectious virus was not
detected while SARS-CoV-2 RNA was still there.
During the assessment of the infectivity of the virus upon
contact with model materials it was shown that SARS-CoV-2
RNA is detected on all experimental surfaces, regardless of the
conditions and time of exposure to the virus. Even after 360 min
the amount of virus on the surface, measured by quantitative
RT-PCR, varies insignificant (within the order). However, the
detection of SARS-CoV-2 RNA is not indicating the presence
of a viable virus. Most significantly reduce the infectivity of the
virus when the virus contacts with cloth (towel) samples, as
well as plastic. Longer persistence of the infectious virus has
been observed on surfaces such as metal, wood (chipboard)
and ceramic tile. The decrease in the infectivity of SARSCoV-2 occurs 120 min after contact with model materials and
is completely lost for 360 min of exposure, when drying is
achieved. It can be assumed that the complete loss of viability
and the infectivity of the virus occurs at an earlier point in time
(between 120–360 minutes) for all investigated materials
DISCUSSION
Our research is not without its flaws. We used culture fluid to
simulate contamination. Its composition will be significantly
different from human excreta formed because of natural
contact with surfaces. In addition, the method itself for viable
virus isolating using a cell culture may differ significantly in
susceptibility to infection [8, 9]. Individual strains circulating
in people with different genetic backgrounds may also differ
in their ability to persist on surfaces. Nevertheless, accepting
these limitations, the results can be useful for planning further
research and preparing practical recommendations.
CONCLUSIONS
The results obtained in the framework of this study show that
positive RT-PCR data do not allow us to speak about the
viability of the virus. For at least 360 minutes on the surface,
the amount of RNA SARS-CoV-2 on the surface practically
does not change, while the virus viability drops by many
orders of magnitude in 120 minutes and after 360 minutes
is not detected for any of the experimental surfaces. Thus, in
the context of environmental safety assessment, the use of
RT-PCR alone can lead to highly distorted judgments. At the
very least, the interpretation of RT-PCR results in the context
of potential surface contamination with SARS-CoV-2 should be
done with great care.
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FEATURES OF THE PATHOGENETIC MECHANISMS OF TUBERCULOUS PERITONITIS IN AN EXPERIMENT
Plotkin DV1,2
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The prevalence of tuberculous peritonitis that has been observed in the recent decades is the result of lymphohematogenous spread of Mycobacterium tuberculosis
(MBT) from lungs and other extrapulmonary sources. It is still unclear why certain organs and anatomical regions get involved in the inflammatory process during
generalization of the tuberculosis infection. Why do some cases develop into peritoneal tuberculosis and other into kidney tuberculosis? Thus study aimed to
investigate the pathogenesis of tuberculous peritonitis in a reproducible biological model. Tuberculous peritonitis was modeled in 18 rabbits (10 in the test group, 8
in control) by intraperitoneal inoculation of the MBT suspension. In order to suppress peritoneal macrophages and major cytokines, test group rabbits were injected
with the TNFα inhibitor and iron (III) hydroxide sucrose complex before being infected, while control group rabbits received no immunosuppressive drugs. Autopsy
of the control group animals revealed changes characteristic of pulmonary tuberculosis in 37.5% of cases, with no damage to other organs and systems registered.
Conversely, test group rabbits had the signs of tuberculous peritonitis in their abdominal cavities. The results of this study suggest that it is the local immunity of
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ОСОБЕННОСТИ ПАТОГЕНЕТИЧЕСКИХ МЕХАНИЗМОВ ТУБЕРКУЛЕЗНОГО
ПЕРИТОНИТА В ЭКСПЕРИМЕНТЕ
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Наблюдаемый в последние десятилетия рост числа случаев туберкулезного перитонита обусловлен лимфогематогенным распространением
микобактерий туберкулеза (МБТ) из легких и других экстрапульмональных источников. До сих пор остается неясным, почему при генерализации
туберкулезной инфекции в воспалительный процесс вовлекаются те или иные органы и анатомические области. Почему в одних случаях развивается
туберкулез брюшины, а в других туберкулез почек? Целью работы было изучить патогенез туберкулезного перитонита с помощью создания
воспроизводимой биологической модели. Туберкулезный перитонит моделировали на 18 кроликах (10 особей — экспериментальная группа, 8 —
контрольная) путем внутрибрюшинной инокуляции взвеси МБТ. Кроликам экспериментальной группы перед заражением вводили ингибитор TNF —
и железа (III) гидроксид сахарозный комплекс с целью подавления активности перитонеальных макрофагов и основных цитокинов; в контрольной
группе введение иммуносупрессивных препаратов не производили. При аутопсии животных контрольной группы в 37,5% случаев выявлены изменения,
характерные для туберкулеза легких, поражения других органов и систем не отмечено. Напротив, у кроликов экспериментальной группы в брюшной
полости выявлены признаки туберкулезного перитонита. По результатам проведенной работы, анатомическая область, где развивается вторичный очаг
внелегочной туберкулезной инфекции, во многом зависит от местной иммунной защиты. Так, для брюшины таким необходимым и достаточным условием
развития туберкулезного перитонита являются уменьшение пула перитонеальных макрофагов и снижение цитокиновой продукции.
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Конфликт интересов: Д. В. Плоткин, Т. И. Виноградова, М. Н. Решетников, Ю. Р. Зюзя, М. В. Синицын, Е. М. Богородская, П. К. Яблонский — подали
заявку в Федеральную службу по интеллектуальной собственности «Федеральный институт промышленной собственности» на регистрацию заявления о
выдачи патента Российской Федерации на изобретение «Способ моделирования туберкулезного перитонита» (регистрационный № 2021114954 от 25 мая
2021 г.). Б. М. Ариэль, В. Ю. Журавлев — заявляют об отсутствии у них конфликта интересов.
Вклад авторов: Д. В. Плоткин, Т. И. Виноградова, М. В. Синицын, Е. М. Богородская — разработка концепции и дизайна исследования; Д. В. Плоткин,
М. Н. Решетников, В. Ю. Журавлев, Ю. Р. Зюзя — сбор материала; М. Н. Решетников, В. Ю. Журавлев — статистическая обработка; Д. В. Плоткин,
Т. И. Виноградова, Б. М. Ариэль, П. К. Яблонский — анализ полученных данных; Д. В. Плоткин, Б. М. Ариэль, М. В. Синицын, Е. М. Богородская — подготовка текста; Т. И. Виноградова, Ю. Р. Зюзя, П. К. Яблонский — редактирование.
Соблюдение этических стандартов: исследование одобрено этическим комитетом Санкт-Петербургского научно-исследовательского института
фтизиопульмонологии (протокол № 73 от 23 декабря 2020 г.). Все манипуляции с животными проводили в соответствии с требованиями European
Convention for the Protection of Vertebral Animals Used for Experimental and Other Scientific Purposes (CETS No. 170), а также руководствуясь «Правилами
работы с лабораторными грызунами и кроликами» (ГОСТ 33216-2014).
Для корреспонденции: Дмитрий Владимирович Плоткин
ул. Островитянова, д. 1, г. Москва, 117997; kn13@list.ru
Статья получена: 30.06.2021 Статья принята к печати: 21.07.2021 Опубликована онлайн: 04.07.2021
DOI: 10.24075/vrgmu.2021.036

20

BULLETIN OF RSMU | 4, 2021 | VESTNIKRGMU.RU

ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ
Currently, it is believed that a quarter of the world's population is
infected with tuberculosis; more than 10 million new cases of the
disease and 1.2 million deaths from tuberculosis are registered
annually. According to the World Health Organization, 15–20%
of tuberculosis cases are extrapulmonary, and tuberculous
peritonitis (TP) is the sixth most common of them [1, 2].
The concepts of pathogenesis of extrapulmonary tuberculosis
were formed in the 30s–60s of the last century on the basis of clinical
observations, experimental work and results of autopsies. TP was
considered as part of polyserositis that simultaneously involved
peritoneum, pericardium, pleura and synovial membranes of large
joints in a specific process [3, 4] that was a typical manifestation of
progressive primary tuberculosis.
The TP observed in the recent decades in the vast majority of
patients develops during late stages of tuberculosis infection. Its
pathogenesis is studied insufficiently; probably, TP is the result of
lymphohematogenous spread of Mycobacterium tuberculosis (MBT)
from the lungs, intra-abdominal lymph nodes, intestines, fallopian
tubes [5, 6]. It is still unclear why, in such cases, generalization of the
infection induces inflammatory process in certain organs and what
are the conditions that promote the development of pathological
changes in the given anatomical region.
Until recently, it was believed that such conditions were
mainly shaped by microcirculatory disorders, when the initial
focal lesions appeared only against the background of certain
functional restructuring of the microvasculature: its increase in
volume, slowed blood flow, close contact with tissues (semiclosed microcirculation system, with pores and fenestra in the
walls of capillaries) [7].
It is known that each form of extrapulmonary tuberculosis
has its own locus minoris resistentiae, where the initial focal
lesions develop in a strictly regular sequence. In the abdominal
cavity, such locus is the ileocecal zone, where the blood flow
can grow weaker because of the slowed intestinal passage
(ileostasis) and presence of a relatively large mass of lymphoid
tissue in mesenteric lymph nodes and Peyer's patches, which
get “swamped” when the blood flow is slow [3, 8].
Microvasculature disorders cannot but play a significant
role in the development of TP, although, of course, they are
not the only reasons behind the disease's pathogenesis. Poorly
understood immune defense mechanisms also play a certain
part here, as they do in any other pathological process. With
regard to TP, it is the protective part played by the peritoneum
MBT interact with, as well as local immunity [9].
These insufficiently studied mechanisms can be
investigated under experimental conditions on models that
reproduce human TP with all its characteristic features. There
is reason to believe that with this approach, it will be possible to
understand how and to what extent damage to the peritoneum
and protective reactions therein "work" and balance out on the
level of the body as a whole.
We searched for publications covering TP modeling
methods in the PubMed database and found nothing in the
current literature. Deepening the search, we discovered works
published in the 19th century and first half of the 20th century
[10, 11] that contained a few descriptions of unsuccessful
attempts at intraperitoneal infection of laboratory animals with
MBT culture for the purpose of experimental reproduction of TP.
Thus study aimed to investigate the pathogenesis of
tuberculous peritonitis in a reproducible biological model.
METHODS
The study involved 18 male Sovetskaya Chinchilla rabbits
weighing 2.60–3.25 kg, obtained from the Rappolovo laboratory
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animal nursery (Kurchatov Institute; Russia). The animals had
no external manifestations of a disease; they were quarantined
for two weeks in the certified vivarium of the St. Petersburg
Scientific Research Institute of Phthisiopulmonology. The
conditions were similar for all the animals, the food regimen
standard, with access to water ad libitum.
The rabbits were divided into two groups, test and control.
The division factored in age of the animals, i.e., all rabbits in a
group were of the same age, obtained from the nursery at the
same time.
We relied on the original technique we have developed to
model TP: intraperitoneal inoculation of 6 ml of suspension
of M. tuberculosis H37Rv standardized virulent test strain (106
mycobacterial cells in 6 ml). To infect control group and test
group animals, we used saline or aluminum hydroxide gel MBT
suspensions, respectively. M. tuberculosis H37Rv test strain
(TBC #1/47, Institute of Hygiene and Epidemiology; Prague,
1976), taken from the collection of the Scientific Centre for
Expert Evaluation of Medicinal Products, was cultured on the
Lowenstein–Jensen medium (Becton, Dickinson and Company;
USA). The mycobacterial suspension of the three-week (second
generation) M. tuberculosis H37Rv test strain was prepared
ex tempore on the day of infection.
The animals were infected intraperitoneally with
immunodeficiency in the background. To induce
immunodeficiency, we decreased the concentration of tumor
necrosis factor TNFα (the main cytokine, regulator of the
formation and resistance of granulomas) by intravenous
administration of the TNFα inhibitor infliximab (chimeric mousehuman monoclonal antibody) (BIOCAD; Russia). We also
suppressed the phagocytic activity of peritoneal agranulocytes
(peritoneal macrophages) through intraperitoneal administration
of iron (III) hydroxide sucrose complex (PHARMASINTEZ;
Russia). This drug was chosen as a donor of ferric iron to create
the effect of "iron overload" in immunocompetent cells that
absorb excess non-transferrin bound iron [12, 13].
The test group consisted of 10 rabbits, who were injected
infliximab (once, into the marginal ear vein, 16 mg/kg) [14] one
day before intraperitoneal infection with MBT culture, and 5 ml
of iron (III) hydroxide of the sucrose complex intraperitoneally
1 hour before infection.
Eight rabbits of the control group were infected in a similar
way, but they did not receive the TNFα inhibitor and the iron
sucrose complex.
After infection, we monitored body weight of the animals
(weighed them once every 10 days), observed their behavior,
applied intradermal recombinant tuberculosis antigen
(Diaskintest®) tests to confirm the development of tuberculosis
infection. The animals were removed from the experiment on
the 45th day from the moment of infection with the help of a
general anesthetic overdose: sodium thiopental 250 mg and
pipcuronium bromide 1 mg intravenously.
During autopsy, we looked for effusion in serous cavities
and tubercles on the serous integuments of the liver, spleen,
intestines and lungs, and assessed the shape and size of the
intrathoracic and intra-abdominal lymph nodes, the size and
structure of the kidneys. For microscopic examination, we
sampled tissues of the parietal peritoneum, liver, kidneys,
spleen, lungs, heart and lymph nodes. The samples were
embedded in paraffin wax. Slices were stained with hematoxylin
and eosin; we also applied the Van Gieson and Perls staining
methods to identify collagen fibers and have a qualitative
reaction to ferric iron, respectively. Besides, to detect MBT,
we stained the samples following the Ziehl–Neelsen technique
and then performed a bacterioscopic study. Also with the aim
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of detecting MBT DNA, we subject peritoneal and omentum
tissues to PCR test using the Amplitub-RV reagent kit (Syntol;
Russia).
RESULTS
Dynamic post-infection observation of the animals did not reveal
any weight loss. On the contrary, all rabbits gained an average
of 132 ± 42.6 g over the entire period of the experiment. On the
20th — 22nd day after the infection, the recombinant tuberculosis
allergen (Diaskintest®) test returned hyperergic in all 18 rabbits.
Autopsy and histological examination of the samples
revealed significant differences between the rabbits of test and
control groups.
On the 45th day from the moment of intraperitoneal infection,
serous cover of the abdominal cavity of control group animals
remained intact at both macro- and microscopic levels. There
were no specific changes identified either in the parenchymal
organs of the abdominal cavity or in the kidneys. PCR test did
not detect MBT DNA in the animals' peritoneum and omentum.
At the same time, 3 animals (37.5%) had clear signs of
tuberculous pneumonia. Lung tissue microscopy revealed
BLURRY, fused macrophage granulomas with small areas of
necrosis and mild leukocytic infiltration along the periphery,
and occasional larger foci of caseous necrosis infiltrated by
decaying leukocytes. Distelectasae dominated by atelectasae,
focal exudative reaction, vasculitis products were found in the
adjacent lung tissue (Fig. 1A, C). In such areas, the pleura was
thickened due to edema and mononuclear infiltration. Van
Gieson staining revealed no encapsulation of foci of caseous
necrosis, nor signs of organization in the areas of tuberculous
inflammation. Ziehl–Neelsen staining allowed detecting
microcolonies of MBT in the necrosis foci (Fig. 1B).
It is worth noting mild character of reactive changes in
individual lymph nodes of the abdominal cavity and mediastinum
and lack of signs of specific tuberculous lymphadenitis.
Microscopic examination revealed focal nonspecific infiltration
of the peritoneum with MBT, where bacterioscopy failed
to detect the bacteria. Their absence in such areas of the
peritoneal cover was confirmed by the PCR test.
In the test group, in the first week after infection all animals
were showing clinical symptoms of intoxication: physical
inactivity, lack of appetite, loss of body weight by 75–110 g

А

(average — 84 g). In the next 35 days, the dynamics of their
state was positive, with physical activity, appetite returning to
norm and some body weight gained.
Forty–five days after infection, autopsy of all test group
animals presented characteristic macroscopic signs of TP:
yellowish serous effusions in the abdominal cavity (maximum
volume — 5 ml), dense and loose adhesions of varying
degrees of maturity between the small intestine loops, the
greater omentum and the anterior abdominal wall, multiple
small and large tubercles measuring 2–6 mm on the parietal
and visceral peritoneum (Fig. 2). Histological examination
of the adhesions and serous cover fragments revealed
macrophage granulomas with single giant multinucleated
Langhans cells, as well as extensive foci of caseous necrosis
with perifocal accumulation of macrophage granulomas
merging with each other (Fig. 3A, B). Similar changes were
also present in the mesentery of the small intestine and the
greater omentum.
Nine out of ten (90%) test group animals had active
pulmonary tuberculosis in the form of foci of caseous necrosis
with small accumulations of lymphocytes along the periphery
and specific granulations. Van Gieson staining revealed no
signs of organization in the tuberculous inflammation foci in
the lungs. Ziehl-Neelsen staining allowed discovering MBT
microcolonies in caseous masses.
Perls staining uncovered multiple accumulations of
macrophages with a high content of iron in the cytoplasm. Such
were found both in the tissues of the peritoneum and those
of the lungs (Fig. 3C, D). One case (10%) was diagnosed as
tuberculous splenitis, another (10%) as tuberculous hepatitis. In
the lymph nodes of the small intestine mesentery both specific
changes and nonspecific reactive hyperplasia of lymphocytes
were revealed. At the same time, all rabbits had dystrophic
changes in the kidney convoluted tubes epithelium, liver
and myocardium, which were accompanied by pronounced
plethora and edema of the organ stroma.
Changes in the serous membrane of the intestine were of
two kinds: in some cases, productive tuberculous peritonitis
was detected without signs of organization, and in others it was
nonspecific reactive inflammation. No specific inflammatory
changes were found in the serous membrane of the stomach.
Tests for MBT DNA in the tissues of the greater omentum
returned positive in all 10 cases.

B

C

Fig. 1. Foci of tuberculous lesions in the lung of a rabbit. A. Lung area under tuberculous granulomatous inflammation with distelectasis (micropreparation,
stained with hematoxylin and eosin; ×40). B. Acid-resistant mycobacteria in the focus of tuberculous inflammation (micropreparation, staining according to
Ziehl–Neelsen; ×1000). C. Lung: a focus of caseous necrosis with leukocyte infiltration and perifocal macrophage-epithelioid granulomas (micropreparation, stained
with hematoxylin and eosin; ×100)
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Fig. 2. There are multiple tuberculous tubercles on the parietal peritoneum of a rabbit-disseminates (circled in a round frame) (macro specimen)

DISCUSSION
The choice of rabbit (Oryctolagus cuniculus domesticus) as
a laboratory animal in the development of the experimental
TP model was a thought-out decision. According to Claude
Bernard, a good choice of animal is often enough to solve the
most difficult general questions.
Previous research has shown that rabbits, which are
considered resistant to M. tuberculosis, under certain
conditions of can naturally develop specific chronically
progressive granulomatous inflammation or latent tuberculosis
infection, depending on the MBT virulence [15–17]. From
the morphological point of view, the subject is the evolution
of granulomas — their formation, maturation and decay. In
rabbits, these processes run the same way as they do in human
being. Rabbits are fairly large laboratory animals, so selecting
them as experimental subjects researcher can reliably monitor
pathophysiological changes from the very beginning of the
infectious process until its completion, even without resorting
to euthanasia [18].
According to our observations, in case of intraperitoneal
infection with MBT rabbits with an intact immune status
develop not TP but tuberculous inflammation of the lungs and
mediastinum lymph nodes. Only half of the infected animals fall
ill; the changes in their lungs and lymph nodes are transient and

disappear 1.5 months after infection. As inflammatory changes
disappear from the organs, so do the MBT. The absence of
inflammatory changes in the abdominal cavity is due to the
serous membrane playing the part of a mechanical barrier in
the pathological process, as does, for example, the greater
omentum, which limits inflammatory foci in the abdominal
cavity independently and as a sui generis organ of the humoral
and cellular defense system.
It is now generally accepted that there are three cellular
systems opposing the invasion of microorganisms in the
abdominal cavity: lymphocytes, mesotheliocytes, and peritoneal
macrophages. They are the first line of defense, which relies on
phagocytic activity and production of inflammatory cytokines
[19]. Secretory function of the mesothelium also contributes
to the body's defensive capabilities, both under normal and
pathological conditions [20]. It makes the MBT release into the
free abdominal cavity, where they die in the exudate containing
free antibodies, peritoneal macrophages and neutrophilic
leukocytes, which, taken together, produce bacteriostatic and
bactericidal effects. In other words, we consider the peritoneum
not as a morphologically formed statically permanent formation
but as an organ of humoral and cellular immunity [21].
Obviously, physiological activity of the peritoneal
macrophages is important for the peritoneum's protective
properties. Having suppressed it with infliximab (TNFα
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Fig. 3. Tuberculous peritonitis in rabbits. Micropreparation. A. Tuberculous granulomatous peritonitis (granulomas are shown by arrows) (staining with hematoxylin
and eosin; ×200). B. Caseous peritonitis (a focus of caseous necrosis is shown by the arrow) (stained with hematoxylin and eosin; ×100). C. Accumulations of ironcontaining pigment in necrotic masses and in adjacent macrophages (iron-containing pigment is blue-green, some of the macrophages with pigments are shown by
arrows) (Perls reaction; ×100). D. Fragment of Fig. C (Perls reaction; ×200)
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inhibitor) and overloaded with iron, we were able to reproduce
chronically progressive TP with the formation of alterative
and granulomatous changes against the background of MBT
reproduction. Speaking about the importance of protective
reactions in the pathogenesis of TP, we mean not only
phagocytosis of pathogens by macrophages but also the
further fate of both. MBT partially or completely die in the
macrophages' cytoplasm, while the affected cells themselves
are removed by the body naturally: secreted into the free
abdominal cavity from the peritoneum and cleared and from
the lungs.
Thus, in addition to presence of an etiological factor in
the abdominal cavity TP development requires inactivation
of peritoneal macrophages and regulatory cytokines, the
main of which is TNFα. The latter plays an important part
in tuberculosis protection in human beings, too. It performs
many immunoregulatory functions, including early induction of
chemokines that leads to the recruitment of leukocytes, and it
also participates in the morphogenesis of granulomas, which
always appear in people suffering from a mycobacterial disease
[22, 23].
Genetic studies have shown that toll-like receptors, such
as TLR-2, significantly affect the susceptibility (consequently,
resistance) to tuberculosis. Variants of their polymorphism
were examined mainly in pulmonary tuberculosis; however, a
significant relationship was found between the TLR-2 Arg753Gln
polymorphism and the incidence of TP. This suggests that
individuals with a TLR2 gene Arg753Gln polymorphism run an
increased risk of TP [24].
Our experimental TP modeling allowed discovering and
number of important features of its pathogenesis.
1. With a TNFα inhibitor and an iron (III) hydroxide sucrose
complex administered, all animals naturally develop a
widespread, actively progressive tuberculous inflammation of
the peritoneum dominated by granulomatous-necrotic changes
that sometimes turn into caseosis. Its expansive character is
proven by the fact that, in addition to the parietal peritoneum
and the greater omentum, tuberculous inflammation spreads
into the visceral peritoneum of the mesentery and intestinal
loops.
2. With the described method for TP modeling there
also develops a destructive pulmonary tuberculosis with
lymphadenopathy of intrathoracic and intra-abdominal
lymph nodes where specific granulomatous and nonspecific
hyperplastic changes can be found.
3. As for the other organ lesions of hematogenous genesis
(those of liver, spleen, kidneys), this method of modeling
only allowed finding them in isolated cases as evidence of
hematogenous generalization of the infection.
Our experimental TP model has reliably reproduced
the clinical, morphological and pathogenetic features of
tuberculous lesions of the peritoneum of human beings. They
can be observed in case of hematogenous dissemination of
pulmonary tuberculosis, which develops against a particular
comorbid background that has the peritoneum's local immunity
compromised and/or general immunosuppression developed.
As we learned from the literature and our own clinical
observations, peritoneal tuberculosis develops during
pregnancy, in patients with diabetes mellitus, liver cirrhosis,
cardiovascular diseases comorbid with ascites, as well as
peritoneal dialysis, congenital and acquired immunodeficiencies.
Immunosuppression is common in pregnancy. It is
associated with a complex system of immunological interaction
between the mother and the fetus. Progesterone and cortisol,
the levels of which go up during pregnancy, suppress T- and
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B-cell immunity, and after 2–3 months after childbirth, the
pool of agranulocytes is depleted [25]. It affects the number
and activity of peritoneal macrophages, as indicated by the
incidence of TP in the first months after birth.
Both during the carbohydrate metabolism decompensation
stage and when the compensation is achieved, diabetes
mellitus patients have the induced production of IL1 and TNFα
by peripheral blood mononuclear cells (compared with healthy
individuals) going down and spontaneous — going up [26],
which leads to disruption of the morphogenesis of granulomas
and reduces their resistance. This explains the cases of
detection of TP in such patients.
With the above pathology in the background, persisting
ascites, as well as with carcinomatosis, lead to chronic
aseptic inflammation of the peritoneum, the outcome of which
significantly decreases the number of macrophages, including
peritoneal ones. At the same time, the local concentration of
TNFα decreases [27].
Chronic peritoneal dialysis is also directly associated with
the development of peritoneal tuberculosis. Dialysis solutions
contain an increased concentration of glucose and have a
non-physiological pH value, which entails disturbance of
the functional activity of phagocytes and lymphocytes in the
peritoneum [28].
Immunodeficiency states, both congenital and acquired,
including after the use of immunomodulatory drugs (TNFα
inhibitors) and glucocorticosteroids, entail a decrease in
the number of agranulocytes and TNFα synthesis. Low
concentrations of TNFα and inactivation of macrophages
in the peritoneum directly contribute to the development
of TP. And, of course, HIV infection with its characteristic
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immunosuppression can become a trigger in the pathogenesis
of peritoneal tuberculosis [29, 30].
Analyzing the results of our experiment and taking into
account clinical observations and literature data, we can propose
the following pattern of TB pathogenesis in humans. Stressful
influences, such as malnutrition, pregnancy, a sudden change
in social status, immunosuppressive diseases etc., lead to the
reactivation of the primary tuberculous focus and destruction
of previously formed granulomas and lymphohematogenous
by the spread of MBT [31]. Where, in which anatomical region
the secondary focus of extrapulmonary tuberculosis infection
will develop directly depends not only on the characteristics
of microcirculation in this region but also on the local immune
protection (local immunity according to A. M. Bezredka). For
the peritoneum, a smaller pool of peritoneal macrophages
and weaker cytokine production is a necessary and sufficient
condition to have TP developing therein. Figure 4 shows the
pattern of TP pathogenesis.
CONCLUSIONS
Clinical manifestations, methods of detection, diagnosis and
treatment of respiratory tuberculosis are well studied and fully
covered in the scientific and medical literature. Tuberculosis

ФТИЗИАТРИЯ

mainly affects the pulmonary parenchyma, but under certain
conditions associated with changes in local and humoral
immunity, the process can localize in almost all organs and
tissues of a human being. As a rule, actively progressive
pulmonary tuberculosis receives the bulk of attention while
much less effort goes into investigating extrapulmonary
manifestations of the infection with severe destructive changes.
Over the past decades, about 15% of the detected tuberculosis
cases worldwide are extrapulmonary. Their clinical diagnosis
is fraught with objective difficulties, since in extrapulmonary
tuberculosis, the results of the gold diagnostics standard —
testing sputum for MBT — often return negative. And, in the
most paradoxical way, the presence of M. tuberculosis in
extrapulmonary foci often causes a wide range of nonspecific
symptoms, thereby creating additional diagnostic difficulties.
TP is one of the extrapulmonary forms of tuberculosis that
are difficult to diagnose and treat. In this work we have
experimentally shown the role of peritoneal macrophages in the
formation of local protective immunity and TNFα in the humoral
aspects of the protective processes. The data obtained will
make the features of the modern pathogenesis of tuberculous
peritonitis more clear and enable development of the diagnostic
criteria and therapeutic (including surgical) protocols for such
patients.
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Retinal diseases remain one of the leading causes of visual impairments in the world. The development of automated diagnostic methods can improve the efficiency
and availability of the macular pathology mass screening programs. The objective of this work was to develop and validate deep learning algorithms detecting
macular pathology (age-related macular degeneration, AMD) based on the analysis of color fundus photographs with and without data labeling. We used 1200
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РАЗМЕТКА ЦВЕТНЫХ ФОТОГРАФИЙ ГЛАЗНОГО ДНА УЛУЧШАЕТ РАСПОЗНАВАНИЕ МАКУЛЯРНОЙ
ПАТОЛОГИИ С ПОМОЩЬЮ ГЛУБОКОГО ОБУЧЕНИЯ
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Заболевания сетчатки остаются одной из ведущих причин слабовидения в мире. Разработка методов автоматизированной диагностики может повысить
эффективность и доступность программ массового скрининга патологии макулярной области. Целью работы было разработать и провалидировать
алгоритмы машинного обучения для диагностики макулярной патологии на основе анализа цветных фотографий глазного дна с предварительной
разметкой данных и без нее на примере возрастной макулярной дегенерации (ВМД). В исследовании использовали 1200 цветных фотографий
глазного дна из локальных баз данных, включая 575 изображений сетчатки пациентов с ВМД и 625 ретинальных фотографий здоровых пациентов.
Алгоритм глубокого обучения был реализован на основе нейронной сети Faster RCNN c ResNet50 в качестве сверточной основы с использованием
трансферного обучения. В результате, при отсутствии разметки валидация показала неудовлетворительную точность модели (79%), что было связано
с неправильным выбором нейросетью областей внимания. Выполнение разметки повысило эффективность разработанной методики, на тестовом
наборе данных модель продемонстрировала адекватное определение информативных участков, точность классификации достигла 96,6%. Таким
образом, применение разметки изображений значительно повышает точность распознавания цветных изображений сетчатки с помощью нейросетевых
технологий и позволяет создавать эффективные модели при использовании ограниченных по объему наборов данных.
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ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ
In the Russian Federation, retinal diseases rank second and
cause 28.9% of the visual impairment cases [1]. An effective
retinal pathology early detection system that would be part
of the mass preventive examination campaigns is yet to be
deployed. Such systems require special logistics and dedicated
staff, which, in addition to the one-time deployment expenses,
translates into the need for regular funding to support the system
and pay the people powering it. Computers can analyze big
data faster, and machine learning algorithms automate the
time-consuming and labor-intensive screening of patients
to nominate those who need extensive examination. Thus,
artificial intelligence capable of screening for eye diseases can
mitigate the primary health care personnel shortage and reduce
the clinical examination costs while increasing the number of
patients reasonably referred to an ophthalmologist because of
the suspected ophthalmic pathology [2].
Age-related macular degeneration (AMD), a retinal disease
common among people aged 50 and over, remains one of
the main causes of poor eyesight. The disease manifests in
soft drusen measuring 63 μm or above in the macular zone,
hyperpigmentation and/or hypopigmentation of the pigment
epithelium, detachment of pigment and neuroepithelium,
pigment epithelium geographic atrophy, retinal hemorrhages
and cicatricial changes in the retina [3].
AMD is of great clinical and social importance. The
prevalence of AMD among people aged 50 to 85 years is
8.69%, with 8.01% being early AMD and 0.37% late stage
AMD [4]. Mathematical model forecasts growth of the absolute
number of AMD patients from 196 million in 2020 to 288 million
in 2040. [4]. Late stage AMD translates into a pronounced
degradation of central vision, which worsens quality of life,
limits daily living activities and impairs working capacity.
Timely detection of the disease and adequate monitoring
of the patients are instrumental to successful treatment of
neovascular AMD because the efficacy of antiangiogenic
therapy directly depends on the time elapsed from the moment
of manifestation to administration of the first dose of the
drug [5]. Fundus photography is a widely adopted and highly
sensitive method of macular pathology visualization; it has been
used in a number of countries for mass screening and yielded a
significant increase of the early stage AMD detection rates [6].
The objective of this work was to develop and validate
machine learning algorithms diagnosing macular pathology
(AMD) based on the analysis of color pictures of the fundus
with data labeled and unlabeled, and to assess sensitivity and
specificity of the developed method with the help of a test
dataset.
METHODS
The sets of color images of the fundus used in this study
were collected at the Tsentr Zreniya clinic (Chelyabinsk) and
the ophthalmological department of the Volga District Medical
Center under FMBA of Russia (Nizhny Novgorod). All the
pictures were taken with Visucam 500 fundus camera (Carl
Zeiss; USA). The inclusion criteria applied to the images were:
diagnosed AMD in one eye, registered in the patient's digital

ОФТАЛЬМОЛОГИЯ

medical record; presence of specific signs of AMD on the
image; absence of signs of other retinal diseases (diabetic
retinopathy, etc). Image quality was assessed in points on a
scale from 1 to 4, the assessment relied on the method by Klais
C et al., with 1 point given to high quality pictures, 2 points to
average quality images, 3 points to those of low quality and
4 points to indiscernible pictures [7]. The images that scored
3–4 points were rejected. We used the widely adopted clinical
classification of AMD that distinguishes early, intermediate and
late stages of the disease (Table 1) [8]. The initial set of images
was anonymized and blind classified independently by two
ophthalmologists with over 5 years of experience.
The resulting set included 1200 color fundus photographs,
including 575 retinal images of AMD patients and 625 pictures
of the retina of healthy people. Under the AMD classification,
127 images were classified into the early AMD group, 341
were marked as intermediate stage and 107 as late stage AMD
pictures.
The data were distributed into training and test sets
randomly, with 994 images used in the neural network training
(475 eyes with AMD, 519 eyes of healthy people) and 206
photographs used for testing (100 from patients with AMD, 106
from healthy people).
To accomplish the task set, we practiced two approaches
to training:
1) training a convolutional neural network (CNN) on a
dataset consisting of binary classified images without specified
regions of interest;
2) training a CNN on a dataset consisting of binary classified
images with the regions of interest specified in bounding boxes;
We relied on the ResNet-50 deep learning architecture
and transfer learning for both approaches [9]. Transfer learning
involves use of CNNs that are pretrained on a large set of thirdparty data. Following pretraining, the network, which already
has its weighing system set up, goes through training on a
small set of data of immediate interest. The large set of thirdparty data used for pretraining in this work was the ImageNET
dataset, which includes millions of images divided into 1000
different classes [10].
Fundus pictures from the local databases were
preprocessed (converted to 512 × 512 pixel images) and then
processed by a pretrained Faster RCNN neural network with
ResNet50 enabling convolution. Each output window was
linked with a category tag and a softmax score at [0, 1]. A
score threshold of 0.7 was used to display these images. The
execution time needed to obtain these results was 120 ms per
image, all steps included. All in all, the image analysis sequence
can be outlined as follows: preprocessing, processing by
the CNN with a feature map as output, highlighting regional
suggestions thereon, determining regions of interest and
classifying the image as either an AMD picture or a normal eye
photograph based on the features found within the regions of
interest (Fig. 1).
All algorithms were developed in Python 3.7 using libraries
PyTorch 1.5.0, TorchVision 0.6.0, Tensorflow 1.14.0, Keras
2.0.8, Pillow 7.2, OpenCV 4.5.2, Cuda 10.1, cudnn 7.6.5.
The hardware configuration of the computer used to do the

Table 1. Clinical classification of AMD [8]
Stage
Normal age-related changes
Early
Intermediate
Late
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Symptoms
Small druses up to 63 µm, no pigmentation defects
Druses with a diameter of 63-125 microns, no pigmentation defects
Druses with a diameter over 125 microns, pigmentation defective
Neovascular form or geographic atrophy
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Classifier

Area of interest

Suggestions
Network of regional suggestions
Map of attributes

Convolution
layers

Fundus image
Fig. 1. Stages of image analysis by Faster RCNN

calculations was as follows: Intel Core i7 9750H (Intel; USA),
RTX 2070 Max-Q 8GB GDDR6, 16 GB RAM 2666 MHz.
RESULTS
Image classification by a CNN without specified
regions of interest
All color images of the fundus belonging to the training set were
reduced to a resolution of 512 × 512 pixels and normalized
to the average pixel. Then the dataset was submitted to
the neural network for training. The training lasted 193 min
and took 50 iterations. A batch (combined load) included
10 images. Nesterov accelerated gradient was used as
an optimizer; the learning rate parameter was 0.0005, the
moment was 0.9. Loss function — categorical cross-entropy,
metric — accuracy.
Validation of the resulting model on the test dataset
revealed that its specificity reached 77.4%, sensitivity —
80.9%, accuracy — 79% (Table 2). To learn what regions of the
images the model used for classification we imported the class
activation heatmaps (Fig. 2).

As a result, it was found that the network selected the
areas of attention incorrectly: one of them was the area of the
optic nerve head, which is not involved in AMD's pathological
process, another — paramacular area. Thus, the neural
network used incorrect features in training, which nevertheless
correlate with the classification result.
Image classification by a CNN with regions
of interest pre-specified
The training dataset was the same as for the first approach,
but for this case, we marked the macular region as the
region of interest with the help of bounding boxes. All the
images were reduced to a resolution of 512 × 512 pixels
and normalized to the average pixel. Faster RCNN + FPN
network combination enabled object detection [11]. The
training lasted 158 min and took 10 iterations. A batch
included 10 images. Nesterov accelerated gradient was used
as an optimizer; the learning rate parameter was 0.0001, the
moment was 0.05, weight decay — 0.0005. Classification
categorical cross-entropy was the loss function, mean
average accuracy was the classification accuracy metric,

Table 2. Developed models' performance indicators reflecting the quality of detection of AMD in color fundus photographs
Indicator
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Machine learning without labeling

Machine learning with pre-labeling

Sensitivity

80,9%

99,0%

Specificity

77,4%

94,3%

Accuracy

79%

96,6%

Positive result predictability

74%

94,3%

Negative result predictability

82%

99,0%
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Fig. 2. Class activation heatmap visualization example, fundus photograph of an AMD patient

intersection over union — detection accuracy metric. The
training was stopped after 10 iterations because of the
emerging overtraining effect [12].
On the test dataset, the model demonstrated the
classification accuracy of 96.6% at sensitivity of 99.0% and
specificity of 94.3% (Table 2). Visualization of the areas of
interest showed that the model identified informative areas of
the images adequately (Fig. 3).
DISCUSSION
This study showed that Faster RCNN neural network with
ResNet50 enabling convolution can effectively differentiate
between AMD patient fundus pictures and those of healthy

retina. We have also established that even with a small sample
(1200 images) the resulting classification accuracy can be high
if the data are pre-labeled.
Researchers investigating application of neural networks
to diagnose AMD through analysis of color pictures of the
retina reported sensitivity of 84.5–89.0%, specificity of
83.1–89.0% and accuracy of 88.4–91.6% [13, 14]. One
study aimed to detect AMD at the early stage using images of
the fundus; its authors claimed to have achieved sensitivity and
specificity of 96.7%, 96.4% [15]. The datasets used in these
works were not pre-labeled, but each of them relied on the
sample comprised of over 50000 images, which is an order of
magnitude greater than the sample used for this study [13–15].
In this connection, it is interesting to note that, considering the

Fig. 3. Results of detection of regions of interest and classification of images from the test dataset by Faster RCNN with ResNet50 for convolution. Images correctly
identified by the model as healthy retina photographs have green boxes, those with AMD detected have red boxes
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relatively small dataset employed, by some parameters we
received comparable results with the help of a simple and fast
labeling procedure.
A meta-analysis of 13 studies averaged the neural
networks' sensitivity and specificity in AMD detection at 0.92
and 0.89, respectively [16]. However, this analysis included
studies that made use of fundus camera images exclusively
and works that relied on the pictures obtained with optical
coherence tomography. Another meta-analysis considered
papers reporting on the automated AMD diagnosing models
that processed only color photographs of the retina; this
analysis averaged the models' sensitivity and specificity at 0.88
and 0.90, respectively [17]. Thus, the level of accuracy we
have achieved is comparable to the results of studies based on
much larger datasets.
It should be noted that instant AMD diagnostics using color
images of the fundus traditionally underpins the relevant mass
screening programs, but has limited application in specialized
care. What shows promise in this field is the determination
of AMD stages from the available dataset [18–20] and the
identification of individual pathological elements in the images
[21], which can serve the purposes of monitoring in the context
of clinical observation and during clinical trials.
On the one hand, small size of the training dataset and the
decision to not differentiate between stages of AMD (we used
one class for all of them) can be considered a limitation of this
work. On the other hand, with these prerequisites, we managed

to answer the questions posed. The small dataset confirmed
that, with a limited sample available at a local database, it is
possible to successfully develop models capable of automated
retinal disease diagnosing provided the training dataset is prelabeled. The clinical heterogeneity of pathological changes
allows simulation of a real life screening situation, where it is
necessary to detect various pathologies with high sensitivity in
order to refer the patients for further examination.
CONCLUSIONS
Automated diagnostics of retinal diseases, which are among
the top causes of blindness and poor eyesight, opens new
opportunities for mass screening for AMD. The fast and
easy-to-use method of image markup with bounding boxes
significantly increases accuracy of the developed methods of
recognition of medical images relying on neural networks. As
a result, it is possible to achieve high classification accuracy
even when there are only small local databases available.
At the same time, it underscores the importance of the role
played by medical specialists in the development of new
diagnostic methods based on machine learning, which requires
consolidation of efforts of ophthalmologists and IT engineers
in order to create large annotated databases of retinal images
collected with various models of fundus cameras, which, when
labeling the data thereon, would ensure high accuracy and
reproducibility of the results in real clinical practice.
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ROLE OF MAST CELLS IN SKIN REGENERATION AFTER THERMAL BURN TREATED WITH
MELATONIN-ENRICHED DERMAL FILM
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The development of novel local therapies for thermal burns (TB) and their pathogenetic rationale are a pressing challenge. Melatonin (MT) is an endogenous factor of
hemostasis regulation with pleiotropic potential. The aim of this study was to assess some parameters of tissue regeneration, the functional state of mast cells and
the levels of matrix metalloproteinase-9 (MMP-9) and vascular endothelial growth factor (VEGF) in the experimentally induced TB treated with the original MT-enriched
dermal film (DF). A second-degree burn (3.5% of the total body surface area) was modelled by exposing a patch of skin to hot water. Applications of 12 cm2 DF enriched
with 5 mg/g MT were performed every day for 5 days. The following parameters were calculated: the wound area, the rate of wound epithelization, the number of MC
in the wound, the intensity of degranulation, and the levels of MMP-9 and VEGF expression. Over the course of treatment, the absolute wound area shrank by 35%,
its epithelization rate increased, the number of MC rose, their functional state changed, and the expression of ММР-9 and VEGF increased. A negative correlation was
established between the wound area and the expression of ММР-9 and VEGF, as well as between the wound area and the degranulation coefficient. Applications of
MT-enriched DF resulted in the reduction of the wound area, higher epithelization rate, an increase in the total MC count and degranulation intensity on days 5 and 10;
it also led to a reduction in the total MC count and a loss in degranulation intensity on day 20 (166.87 (154.95; 178.78) un/mm2 vs. 464.84 (452.92; 476.76) un/mm2) in
the group of intact animals), an increase in MMP-9 expression on day 5 (14.20 (11.30; 18.10) vs. 3.30 (2.20; 4.40) in the intact group), an increase in VEGF expression
on days 5 and 10 (33.00 (30.20; 34.90) vs 25.40 (22.20; 29.30) in the intact group), and a reduction in MMP-9 expression on days 10 and 20 after thermal injury.
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РОЛЬ ТУЧНЫХ КЛЕТОК В РЕПАРАЦИИ КОЖИ ПОСЛЕ ТЕРМИЧЕСКОЙ ТРАВМЫ
ПРИ ПРИМЕНЕНИИ ДЕРМАЛЬНОЙ ПЛЕНКИ С МЕЛАТОНИНОМ
М. В. Осиков1,2, А. А. Агеева1

, А. А. Федосов3, В. А. Ушакова1

Южно-Уральский государственный медицинский университет, Челябинск, Россия
2
Челябинская областная клиническая больница, Челябинск, Россия
3
Российский национальный исследовательский медицинский университет имени Н. И. Пирогова, Москва, Россия
1

Разработка и патогенетическое обоснование применения новых средств для локальной терапии термической травмы (ТТ) — одна из актуальных
проблем медицины. Мелатонин (МТ) — эндогенный фактор регуляции гомеостаза с плейотропным потенциалом. Целью работы было оценить показатели
репарации, функциональное состояние тучных клеток (ТК), содержание матриксной металлопротеиназы-9 (MMP-9) и фактора роста сосудистого
эндотелия (VEGF) в очаге повреждения кожи в динамике экспериментальной ТТ в условиях применения оригинальной дермальной пленки (ДП) с МТ.
ТТ степени IIIА площадью 3,5% моделировали погружением участка кожи в кипящую воду. ДП площадью 12 см2 с МТ в концентрации 5 мг/г наносили
ежедневно в течение пяти суток. Вычисляли площадь раны и скорость ее эпителизации, в ожоговой ране определяли число ТК и интенсивность
дегрануляции, экспрессию MMP-9 и VEGF. В динамике ТТ абсолютная площадь ожоговой раны уменьшается на 35%, увеличивается скорость ее
эпителизации, в очаге ТТ увеличивается число ТК, изменяется их функциональная характеристика; увеличивается экспрессия ММР-9 и VEGF. Выявлена
обратная связь площади ожоговой раны с экспрессией ММР-9 и VEGF, коэффициентом дегрануляции ТК. Применение МТ при ТТ ведет к уменьшению
площади ожоговой раны, увеличению скорости ее эпителизации, увеличению в ожоговой ране общего числа ТК и дегрануляции на 5-е и 10-е сутки,
снижению общего числа и дегрануляции ТК на 20-е сутки ТТ (166,87 (154,95; 178;78) ед./мм2; в контроле — 464,84 (452,92; 476,76) ед./мм2), увеличению
экспрессии MMP-9 на 5-е сутки (14,20 (11,30; 18,10); в контроле — 3,30 (2,20; 4,40)), экспрессии VEGF на 5-е и 10-е сутки (33,00 (30,20; 34,90); в контроле —
25,40 (22,20; 29,30)), снижению экспрессии MMP-9 на 10-е и 20-е сутки ТТ.
Ключевые слова: термическая травма, мелатонин, дермальная пленка, тучные клетки, репарация, VEGF, MMP-9
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Thermal burns are often associated with high mortality and
temporary disability. According to WHO, about 11 million
people seek medical care for burns every year; many of them
sustain a temporary disability. It is estimated that 200,000
people die from burns annually [1]. Despite significant advances
in the therapy of burns (skin grafting, stem cell therapy, etc.),
slow wound healing, infection and scarring still pose a serious
therapeutic challenge as they result in prolonged hospital stay,
disfigurement, reduced quality of life, and emotional distress [2].
This can be largely explained by the complexity and diversity
of pathogenetic mechanisms underlying the response to heat
exposure and the progression and outcomes of thermal burns
(TB). Burn researchers hold the opinion that knowledge of TB
pathophysiology is essential for finding ways to effectively stop
burn wound progression and develop pathogenetically informed
methods for burn healing [3]. Neutrophils, macrophages,
various subpopulations of lymphocytes, changes in the
cytokine profile, oxidative stress, and events of the acute
phase response play the key role in the pathogenesis of TB
and determine the intensity and success of wound healing [4].
Mast cells (MC), which are abundant in the skin, are among
the first responders to TB. They are resident inflammatory cells
containing secretory granules filled with preformed and de novo
mediators that participate in vascular and exudative responses,
pain signaling, fibroblast proliferation, collagen synthesis,
and scar remodeling. Regulation of MC function in TB holds
promise for novel therapeutic approaches [5].
Apart from protecting the wound from infection and
trauma, modern wound dressings promote healing and keep
the wound adequately moist. They are fabricated as hydrogels,
textile-based gel dressings, hydrocolloids, polyurethane foam,
calcium alginate fibers, etc. [6]. Most dressing materials are
produced by non-Russian companies, so the development of
an original dermal film (DF) for burn care may be high on the
Russian research agenda. Dressings for TB contain antiseptics,
hemostatic agents, antioxidants, healing-promoting agents,
stimulators of tissue regeneration, etc. The Russian State
Registry of Medicinal Products has a few entries on medicated
films: nitroglycerin films for buccal administration, sildenafil
orodispersible films and ocular inserts with taurine. The
search for novel therapeutic approaches to TB treatment has
a special focus on endogenous regulators of homeostasis
[7, 8]. There is theoretical evidence that melatonin (MT) may
have a therapeutic potential for TB. MT is mostly known for
regulating the sleep-wake cycle and neuronal excitation, as well
as synchronizing circadian rhythms and physiological functions
[9]. In contemporary science, MT is considered an endogenous
factor with multifaceted effects, including antioxidant, pro/antiinflammatory, immunomodulatory, and antiapoptotic effects,
and a regulator of cell proliferation and differentiation, which
makes MT an attractive candidate therapeutic agent [10]. The
literature on novel MT-enriched wound dressings is scarce; the
mechanism of local MT effects on TB has not been studied
yet, and there are no topical MT-enriched formulations for the
therapy of burns on the Russian pharmaceutical market [11,
12]. Mammalian skin has its own melatoninergic system [13].
MT receptors have been detected not only in keratinocytes
and fibroblasts, hair follicles and melanocytes but also in MC,
suggesting MT involvement in the regulation of the functional
activity of MC, especially in mitigating vascular and exudative
responses and stimulating tissue regeneration after TB [14].
Besides, skin cells, including MC, are capable of producing
and secreting MT. However, the mechanism of possible MT
effects on MC involvement in skin regeneration after TB is not
fully clear and cannot be associated with the secretion of matrix
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metalloproteinase-9 (MMP-9) and vascular endothelial growth
factor (VEGF) by mast cells. The aim of this study was to
assess some parameters of tissue regeneration, the functional
state of mast cells and the levels of MMP-9 and VEGF in the
experimentally induced thermal burn treated with an original
MT-enriched dermal film.
METHODS
The experiment was conducted in 70 male Wistar rats weighing
200–240 g. The animals were randomized in 4 groups: group
1 (n = 7) — intact animals; group 2 (n = 21) — animals with
TB treated with aseptic dressings (TI + AD); group 3 (n = 21) —
animals with TB treated with DF and aseptic dressings (TB + DF);
group 4 (n = 21) — animals with TB treated with MT-enriched
DF and aseptic dressings (TB + MT DF). Aseptic dressings and
DF were changed every day for 20 days after TB.
Thermal burns are most commonly caused by hot liquids
and flames; in two thirds of the patients, less than 10% of
the total body surface area is involved [15]. So, to model a
second-degree burn (ICD-10 codification, corresponds to a IIIA
degree burn according to the classification proposed at the 27th
All-Soviet Congress of Surgeons held in 1960) involving 3.5%
of the total animal body surface, the area of skin between the
shoulder blades was exposed to distilled water at 98–99 °С
for 12 s. Burn depth was verified morphologically. The animals
were anesthetized with 20 mg/kg tiletamine-zolazepam. The
DF matrix and the MT-enriched DF (12 сm2) were applied
immediately after inducing TB (groups 3 and 4, respectively).
The matrix was fixed with an aseptic dressing. The dressing was
changed every day for 5 days. In our preliminary experiment,
we designed a sodium carboxymethylcellulose film (sodium
poly-1,4-β-О-carboxymethyl-D-pyranosyl-D-glycopyranose)
enriched with 5 mg/g MT. The matrix was evaluated for its
pharmacological and fabrication characteristics: organoleptic
properties (appearance, color, transparency, elasticity, presence
of impurities, microcracks), adhesiveness, tensile strength, and
thickness [16]. In group 3, we used an MT-free DF matrix similar
in size and properties to the MT-enriched DF.
The wound area was measured by digital planimetry on
days 5, 10 and 20 after TB using a Nikon Coolpix S2800
camera (Nikon; China) and Microsoft Office Visio software
(Microsoft; USA). The rate of wound epithelization (VS)
was calculated by the formula: VS = S – Sn / t, where S
is the wound area before treatment (the area at previous
measurement); Sn is the area at subsequent measurement; t is
days between measurements. The wound area at subsequent
measurements was calculated as % of the initial wound area
and expressed as % / day.
On days 5, 10 and 20 after TB, the burned skin and a small
amount of healthy skin at the wound margin were excised for
pathomorphological and immunohistochemical examinations.
Microscopy was performed using a DMRXA microscope (Leika;
Germany) and ImageScope M software (Germany) at ×100 and
×400 magnifications.
After staining the tissue sections with toluidine blue (рН = 2,0)
(Biovitrum; Russia), a total mast cell count was performed.
Mast cells were typed by the degree of degranulation: 1st
degree (1–2 granules visualized outside the cell), 2nd degree
(3–10 granules outside the cell), 3rd degree (over 10 granules
outside the cell); mast cells of each degranulation type
were counted. Additionally, the average MC brightness was
assessed. The degranulation coefficient was calculated as the
ratio of degranulated MC to the total number of mast cells in 10
random fields of view.
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The abundance of MMP-9 and VEGF in the wound was
determined immunohistochemically using MMP-9 rabbit antirat polyclonal antibodies (catalog item PAA553Ra01, CloudClone Corp.; China), VEGF rabbit anti-rat polyclonal antibodies
(catalog item PAA143Ra01, Cloud-Clone Corp., China) and a
Rabbit Specific HRP/DAB Detection IHC Kit (Abcam; Latvia).
Diaminobenzidine was used as a chromogenic substrate
to visualize the polymer complex. We calculated the relative
surface area of MMP-9-positive and VEGF-positive structures;
the integral indicator of MMP-9 and VEGF content was
calculated as the product of the relative surface area of the
positively stained structures and the intensity of staining. The
result was presented in arbitrary units (un/mm2).
The obtained data were processed in IBM SPSS Statistics
19 (SPSS: An IBM Company; USA). The results were presented
as a median (Ме) and quartiles (Q1; Q3). The significance of
differences was assessed using the Kruskal–Wallis, Mann–
Whitney U and Wald–Wolfowitz runs tests. Correlations
between the studied parameters were tested using the
Spearman’s correlation coefficient (R). The Bonferroni-adjusted
significance threshold was р < 0.01.
RESULTS
In group 2, there was a reduction in the absolute wound area
on day 10, compared to day 5 of the experiment; the rate of
epithelization had increased by day 10, and the relative wound
area had decreased (Table 1). On day 20, there was a reduction
in the absolute wound area, compared to days 5 and 10; the
relative wound area on day 20 was also smaller than on day
5. Thus, by day 20 the rate of epithelization had increased in
comparison with day 5, and the wound reduction area had
grown in comparison with days 5 and 10. The median wound
area measured on day 20 was 35% smaller than on day 5.
To investigate the role of MC in the pathophysiology of
wound healing, we measured their abundance and activity from
the intensity of degranulation in the burn (Table 2). On day 5
the median total MC count in the wound in group 2 was 43%
higher than in the group of intact animals; this may be explained
by active basophile migration from the bloodstream to the
wound site. The number of degranulated MC was more than
3 times higher in group 2 than in the group of intact animals;

of them the number of MC in the 1st degree of degranulation
was 3 times higher, the number of MC in the 2nd degree of
degranulation was 4 times higher, and the number of MC in the
3rd degree of degranulation was 10 times higher. The median
value of the degranulation coefficient was 3.5 times higher than
in the group of intact animals. Notably, many MC (mostly those
in the 3rd degree of degranulation) had a “ghostly” appearance
due to the loss or release of their granules. This was reflected
in the significant loss of average MC brightness on day 5 of
the experiment. On day 10, the rise in the total MC count was
even more pronounced than on day 5: the median total number
of MC cells in the wound in group 2 was 72% higher than in
the group of intact animals. On day 10, the number of MC in
the 1st and 2nd degrees of degranulation was 3 times higher
than in the intact group; the number of MC in the 3rd degree of
degranulation had risen tenfold in comparison with the intact
group. The median value of the degranulation coefficient now
was 2.5 times higher than in the group of intact animals. The
average MC brightness measured on day 10 was 2 times lower
than in the intact group. By day 20, the total MC count in group
2 had reached its peak and was 1.7 times higher than in the
intact group; the number of degranulated MC, MC in the 1st and
3rd degrees of degranulation and the degranulation coefficient
were significantly higher than in the group of intact animals,
and the average MC brightness was lower. The highest total
MC count, the highest number of degranulated MC and the
highest number of MC in the 1st degree of degranulation were
observed on day 20; the number of MC in the 2nd degree of
degranulation peaked on day 5, and the number of MC in the
3rd degree of degranulation reached its maximum on days 5
and 10. The highest value of the degranulation coefficient was
observed on day 5; the lowest MC brightness was observed
on days 5 and 10. Summing up, the MC count peaked on day
20 after inducing the burn, and degranulation was the most
pronounced on days 5 and 10 of the experiment.
Figure shows the dynamics of ММР-9 and VEGF expression
in the wound throughout the experiment. On days 5, 10 and
20 after TB, VEGF expression was significantly elevated in
comparison with the intact group. ММР-9 expression was
significantly elevated on days 10 and 20. On day 10, VEGF
expression in the wound was higher than on day 5; on day 20 it
was lower than on day 10. ММР-9 expression on days 10 and

Table 1. Parameters of tissue regeneration after experimentally induced thermal burn treated with MT-enriched DF (Ме (Q25; Q75))
Group 2 (TB + AD)

Group 3 (TB + DF)

Parameter

Day 5
(n = 7)

Day 10
(n = 7)

Day 20
(n = 7)

11,66

9,48

Absolute wound
area, cm2

(11,50;
11,94)

(9,28; 9,93)
*

* **

3,34

3,17

(3,25; 3,39)

Relative wound
area, %

Group 4 (TB + MT DF)

Day 5
(n = 7)

Day 10
(n = 7)

Day 20
(n = 7)

Day 5
(n = 7)

Day 10
(n = 7)

Day 20
(n = 7)

7,59

11,59

9,4

(7,23; 7,84)

(11,00;
11,99)

7,29

10,33

8,34

5,54

(9,22; 9,81)

(7,01; 7,52)

(10,17;
10,56)

(8,19; 8,51)

(5,24; 5,88)

2,99

#

#

#

3,31

3,16

2,81

3,36

3,02

1,98

(3,10; 3,29)

(2,94-3,12)

(3,22; 3,42)

(3,10; 3,28)

(2,74-3,09)

(3,23; 3,42)

(2,91; 3,13)

(1,87; 2,23)

0,89

1,9

#

#

2,26

0,91

2,01

3,06

1,33

6,57

14,3

(0,86; 0,89)

(1,88; 1,95)

(2,14; 2,55)

(0,85; 0,92)

(1,93; 2,05)

(2,73; 3,15)

(1,29; 1,35)

(5,92; 6,93)

(13,38;
15,17)

*

* **

#

#

#

*

Epithelization
rate, % /day

2,61
Reduction in
wound area, %

(2,59; 2,64)

3,68

11,49

(3,53; 4,23)

(11,43;
11,64)

*

* **

2,6
(2,58; 2,64)

3,71

13,58

(3,63; 4,31)

(12,93;
14,01)

9,8

16,1

19,98

(9,64; 10,08)

(14,62;
17,73)

(19,30;
20,38)

#

#

#

Note: * — differences are significant (р < 0.01) for comparisons with group 2 on day 5; ** — with group 2 on day 10; # — with group 3 on the specified day.
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Table 2. Functional characteristics of mast cells in the burn wound treated with MT-enriched DF (Ме (Q25; Q75))

Parameter

Total mast cell
count, un/mm2

Number of
degranulated
mast cells,
un/mm2

Number of mast
cells in the
1st degree of
degranulation,
un/mm2
Number of mast
cells in the
2nd degree of
degranulation,
un/mm2
Number of mast
cells in the
3rd degree of
degranulation,
un/mm2

Degranulation
coefficient, au

Average mast cell
brightness, au

Group 2 (TB + AD)

Group
1 Intact
animals
(n = 7)

Day 5
(n = 7)

Day 10
(n = 7)

166,87

238,38

Group 3 (TB + DF)

Group 4 (TB + МТ DF)

Day 20
(n = 7)

Day 5
(n = 7)

Day 10
(n = 7)

Day 20
(n = 7)

Day 5
(n = 7)

Day 10
(n = 7)

Day 20
(n = 7)

286,05

441

226,46

286,06

464,84

250,3

369,49

166,87

(202,62;
262,22)

(274,14;
297,97)

(452,92;
476,76)

(250,30;
250,30)

(357,57;
381,41)

(154,95;
178;78)

(160,91;
172,82)

(226,46;
238.38) *

(274,14;
286,05) *

(441,00;
452,92) *
# ##

*

*

*

*&

*&

&

35,76

178,78

166,87

214,54

178,78

166,87

226,46

202,62

190,7

83,43

(35,76;
41,72)

(166,87;
178,78) *

(154,95;
178,78) *

(202,62;
214,54) *
# ##

(154,95;
190,70)

(166,87;
178,78)

(226,46;
250,30)

(190,70;
214,54)

(178,78;
202,62)

(83,43; 83,43)

*

*

*

*&

*&

*&

23,84

83,43

59,59

178,78

83,43

59,6

178,78

143,03

154,95

59,6

(47,68; 71,51)

(178,78;
178,78) *
# ##

(71,51; 95,35)

(59,60; 71,51)

(178,78;
202,62)

(143,03;
154,95)

(131,11;
154,95)

(59,60; 59,60)

(11,92;
29,79)

(71,51; 83,43)
*

*#

*

*

*

*&

*&

*&

11,92

47,68

35,76

11,92

47,68

47,68

13,84

35,76

23,84

13,84

(0; 17,88)

(35,76; 47,68)

(35,76; 47,68)

(11,92; 11,92)

(35,76; 47,68)

(23,84; 59,60)

(13,84;
13,84)

(35,76;
59,60)

(23,84; 39,20)

(11,92; 15,76)

*

*#

# ##

*

*

*

*&

5,96

59,59

59,59

11,92

59,6

59,6

23,84

11,92

11,92

11,92

(47,68; 71,51)

(11,92;
23,84)

(11,92;
23,84)

(0,00; 11,92)

(0,00; 11,92)

(0; 11,92)

(47,68; 59,59)

(59,59; 83,43)

(11,92; 11,92)

0,22
(0,21; 0,26)

(35,76; 59,60)

*

*

# ##

*

*

*

*&

*&

*&

0,75

0,59

0,49

0,76

0,6

0,5

0,81

0,5

0,5

(0,73; 0,76)

(0,56; 0,63)

(0,49; 0,49)

(0,71; 0,77)

(0,56; 0,61)

(0,48; 0,53)

(0,81; 0,86)

(0,48; 0,53)

(0,47; 0,54)

*

*#

* # ##

*

*

*

*&

*&

*

79,51

57,14

33,83

37,69

57,38

38

36,38

51,36

38,13

37,87

(73,14;
83,76)

(51,36; 64,76)

(33,67; 39,22)

(37,69; 39,33)

(50,0; 58,42)

(33,26; 39,57)

(34,36;
37,9599)

(48,50; 59;
32)

(33,83; 40,78)

(32,50; 39,33)

*

*#

*#

*

*

*

*

*

*

Note: * — differences are significant (р < 0.01) for comparisons with group 1, # — with group 2 on day 5, ## — with group 2 on day 10, & — with group 3 on the specified day.

20 was higher than on day 5. Thus, VEGF expression reached
its peak on day 10, whereas ММР-9 expression, on days 10
and 20. MC can be a source of ММР-9 and VEGF, factors
that promote effective tissue regeneration in the wound. In this
study, we established a correlation between the degranulation
coefficient of MC and the expression of ММР-9 and VEGF in
the burn wound (Table. 3). On day 10, MMP-9 expression in
the wound was directly moderately correlated with the value of
the degranulation coefficient. On day 20, we detected a direct
weak correlation between VEGF expression in the wound and
the degranulation coefficient. We think that MC activity and the
expression of ММР-9 and VEGF in the wound play a role in
wound healing and systemic response to TB. While analyzing
possible correlations between the absolute wound area and
the degranulation coefficient, we established a weak negative
correlation on day 5 and a moderate negative correlation on
days 10 and 20 between these 2 variables. The absolute wound
area was negatively correlated with MMP-9 expression on day
10 (the correlation was weak) and also negatively correlated with
MMP-9 expression on day 20 (the correlation was moderate;
Table 4). On day 10, a weak negative correlation was observed
between the absolute wound area and VEGF expression. No
significant correlations were established between the absolute
wound area and VEGF expression on days 5 and 20 and
between the absolute wound area and MMP-9 expression on
day 5.
The effect of local application of MT-enriched DF (group 4)
was assessed and compared with the effect of MT-free DF in
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group 3 over the course of 5 days. MT causes a significant
reduction in the absolute wound area on days 5, 10 and 20 and
in the relative wound area on days 10 and 20 of the experiment
(Table 1). On days 5, 10 and 20, the rate of epithelization and
the reduction in the wound size in group 4 were increased
in comparison with group 3. On day 5, the median value of the
absolute wound area in group 4 was 12.2% smaller than in group
3; peak values of the absolute wound area were observed on day
20 when it was 31.6% smaller than in group 4 and the median rate
of epithelization was 4.7-fold lower than in the DF group. On days
10 and 20 in comparison with day 5 and on day 20 in comparison
with day 10, the absolute wound area was significantly reduced;
the rate of epithelization and the rate of wound size reduction were
significantly increased (р < 0.01). Notably, from day 5 to day 20
the absolute wound area decreased by 46% vs 37% in the group
treated with MT-free DF.
MT incorporated in DF changes the abundance and
functional activity of MC in the experimentally induced burn
wound (Table 2). On day 5, the total count of MC in the wound
was significantly higher in group 4 than in group 3 (no MT).
Besides, on day 5 the total number of degranulated MC and
the number of MC in the 1st degree of degranulation was
increased in comparison with group 3; the degranulation
coefficient in group 4 was also higher on day 5, and the
number of MC in the 2nd and 3rd degrees of degranulation
was lower; the average MC brightness did not differ between
the two groups on day 5. On day 10, there was a significant
increase in the total MC count in the wound and a rise in the
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Figure. Effects of melatonin-enriched dermal film on the immunohistochemical parameters of burn wound tissue (Ме (Q25; Q75)). * — differences are significant (р < 0.01)
for comparisons with group 1; # — with group 2 on day 5; ## — with group 2 on day 10; & — with group 3 on the specified day

number of degranulated MC and the number of MC in the
1st degree of degranulation in group 4, but the number of MC
in the 2nd and 3rd degrees of degranulation was lower, and the
degranulation coefficient had fallen, in comparison with group 3.
Finally, on day 20 the total MC count and the number of MC
in the 1st and 3rd degrees of degranulation were significantly
decreased. So, local applications of MT-enriched DF result in
the increased number and degranulation of MC on days 5 and
10 after thermal injury; by day 20, the abundance and activity of
MC shifts towards reduction. The degranulation coefficient and
average MC brightness, which are the integral indicators of MC
activity, were significantly higher and lower, respectively, than in
the group of intact animals at all time points of the experiment.
In group 4 (treated with MT-enriched DF), MMP-9 and
VEGF expression was significantly elevated on day 5; by
day 10, MMP-9 expression had fallen significantly, whereas
VEGF expression continued to increase. On day 20, MMP-9
expression was decreasing, while VEGF expression showed
no significant changes. VEGF expression was significantly
higher (р < 0.01) on day 10 than on day 5; on day 20, it was
lower than on days 5 and 10. MMP-9 expression was lower
(р < 0.01) on days 10 and 20 than on day 5. Notably, VEGF
expression on days 5, 10 and 20 and MMP-9 expression on
day 5 were significantly higher in group 4 than in the group of
intact animals. MMP-9 expression on days 10 and 20 did not
differ significantly from that in the group of intact animals.
DISCUSSION
We think that the detected dynamics of tissue regeneration
parameters in the burn wound are associated with the
participation of MC in the key events of wound healing. In
the first 5 days after thermal injury the process is dominated
by secondary alteration vascular, exudative and leukocyte
responses, MC degranulation and release of preformed

mediators, like histamine, TNFα, IL1β, IL6, etc., leading to arterial
and venous hyperemia, exudation and phagocyte activation.
Protease-4 released by MC acts as a chemoattractant for
leukocytes in the inflammation phase. Later, on days 10–15,
mast cells start to secrete the keratinocyte growth factor and
VEGF, activating fibroblasts and collagen synthesis, which is
often excessive and leads to hypertrophic scarring. Increased
collagen synthesis is associated, among other things, with
the activation of the TGFβ1/Smads signaling pathway
by chymase secreted by MC and fibroblast proliferation
[17]. Serotonin secreted into the wound primarily by MC
inhibits apoptosis and improves survival of fibroblasts and
keratinocytes, thereby participating in the regulation of wound
healing; inhibitors of endogenous serotonin release reduce
the rate of epithelization [18].
The intensity of ММР-9 expression in the burn wound
and serum levels of ММР-9 are risk markers for a systemic
inflammatory response syndrome (SIRS) and predictors of poor
outcomes in patients with burns [19]. Neutrophils activated
by GM-CSF, IL8, TNFα and other cytokines, as well as some
other cells, including MC, are the major source of MMP-9 at
the early stages after thermal injury. ММР-9 expression reflects
the abundance and activity of neutrophils and macrophages
in the wound. ММР-9 is involved in the degradation of the
extracellular matrix (especially collagen types IV and V),
increases vascular permeability in the wound, participates in
neutrophil chemotaxis, activation and deactivation of autacoids,
and thus creates the right conditions for tissue regeneration and
successful epithelization. ММР-9 can be inhibited by alpha1antichymotrypsin, a proteinase-1 inhibitor [20]. ММР-9 plays a
special role in the dynamics of chronic wounds: overexpression
of ММР-9 results in the degradation of the extracellular matrix,
inhibition of growth factors and tissue regeneration. According
to some reports, the knockout of the MMP-9-encoding gene
or MMP-9 inhibition accelerates wound healing [21]. As a rule,

Table 3. Correlations between the degranulation coefficient of mast cells and immunohistochemical parameters of the experimentally induced thermal wound
Day 5 (n = 7)

Day 10 (n = 7)

Day 20 (n = 7)

VEGF, un/mm

0,26

0,37

0,31

MMP-9, un/mm2

0,23

0,64

0,37

Parameter
2

Note: The table features Spearman’s correlation coefficient. Significant correlations (р < 0.05) are shown in semibold.
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Table 4. Correlations between the absolute burn wound area and VEGF/MMP-9 expression and between the absolute burn wound area and the degranulation coefficient
Day 5 (n = 7)

Day 10 (n = 7)

VEGF, un/mm2

– 0,13

– 0,37

0,17

MMP-9, un/mm2

– 0,31

– 0,47

– 0,54

Degranulation coefficient, au

– 0,37

– 0,51

– 0,64

Parameter

Day 20 (n = 7)

Note: The table features Spearman’s correlation coefficient. Significant correlations (р < 0.05) are shown in semibold.

low ММР-9 activity in the acute wound is associated with its
inhibition by alpha1-antichymotrypsin.
Members of the VEGF family (VEGF-А, VEGF-B, VEGF-C,
VEGF-D) in general and VEGF-А in particular are produced
in the wound by keratinocytes, mast cells, macrophages,
monocytes, and activated fibroblasts. VEGF-А receptors have
been detected on endothelial cells, fibroblasts and other cells
[22]. GM-CSF stimulates VEGF production in the wound and
directly increases keratinocyte and fibroblast activity [23]. VEGF
participates in the regulation of angiogenesis, collagen synthesis
and production of other connective tissue components; it is
also involved in scar formation. Inhibition of VEGF prevents
excessive scarring and formation of hypertrophic and keloid
scars after TB, thus holding promise for the therapy of burns.
However, the mechanism underlying these VEGF effects is
not fully clear and may be associated with direct activation
of fibroblast migration, fibroblast proliferation and collagen
synthesis and/or indirect activation of endothelial cells,
neutrophils, macrophages, and mast cells accompanied by
the production of profibrogenic mediators (cytokines, growth
factors) [24]. Specifically, the therapeutic effect of interferon
alpha2b in patients with hypertrophic and keloid scars is
associated with mitigation of VEGF effects and angiogenesis.
It is reported that bevacizumab, a humanized anti-VEGF
antibody, exerts a positive effect against hypertrophic scarring
[25]. In this regard, the correlations established in our study are
very illustrative, including the negative correlation between the
wound area and the abundance of ММР-9 and VEGF in the
wound, the direct correlation between the wound area and the
degranulation coefficient, and the direct correlation between the
degranulation coefficient and the levels of ММР-9 and VEGF in
the wound. Therefore, it can be hypothesized that the wound
area after thermal injury shrinks as ММР-9 and VEGF levels
grow; in turn, ММР-9 and VEGF levels in the wound increase
as MC undergo degranulation.
We believe that the therapeutic effects of MT-enriched
DF can explained by the pleiotropic properties of MT. The
antioxidant effect of MT can curb the progression of secondary
injury expansion after TB, which occurs due to the activation
and recruitment of neutrophils, monocytes and lymphocytes to
the affected site. Previously, we demonstrated that MT-enriched
DF limits the growing levels of lipid peroxidation products
and proteins in the burn wound and thus accelerates healing
[26]. Modulation of the inflammatory response by MT may be
associated with a reduction in secondary alteration, mitigation
of vascular-exudative responses, suppression of cytokine and
autacoid production, thus leading to changes in the wound and
the acute phase response. MT-enriched DF limits the death of
leukocytes in an experimentally induced TB [27]. MT may exert
direct effects on the synthesis and activity of factors involved
in tissue regeneration. In the experiment in vitro conducted on
the endothelial cells of cerebral vessels, MT has been shown to
reduce the permeability IL1β-activated cells by inhibiting MMP9 [28]. MT has the ability to directly bind MMP-9. Specifically,
MT binds excessive MMP-9 in COVID-19-mediated immune
response and squamous-cell carcinoma of the oral cavity [29].
MT downregulates overexpression and reduces excessive
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activity of MMP-9 by regulating the NOTCH3/NF-κB and
TLR4/NF-κB signaling pathways [30]. In the experiments in
vitro involving the serum of rats with experimentally induced
thermal burns, MT has been shown to reduce the permeability
of endothelial cells due to MMP-9 inhibition and the antioxidant
activity [31]. MT is protective against MC damage by chemical
agents and may affect the secretory activity of MC [32]. Besides,
MT effects on MC may vary depending on the type of receptor
MT interacts with (М1 or М2). Thus, a complex effect of locally
applied MT on the expression of ММР-9 in the burn wound may
be associated with protection of MC against injurious factors in
the wound on day 5; in turn, the increased secretion of ММР9 by MC may ensure more effective and rapid removal of cell
detritus from the wound, preparing tissue for regeneration. On
days 10 and 20, the decline in ММР-9 expression in the wound
may be associated with direct or indirect inhibition and reduced
synthesis of this proteinase following exposure to MT; this halts
tissue destruction in the wound, activates cell proliferation and
differentiation driven by growth factors and results in rapid
tissue regeneration. Therefore, stimulation of VEGF expression
in the wound on days 5 and 10 by the local application of MT
has a rationale.
The reports on MT effects on VEGF synthesis and
expression are controversial. On the one hand, MT inhibits
VEGF synthesis by SH-SY5Y human neuroblastoma cells,
prostate cancer cells and other malignancies, exerting an
antiangiogenic effect and inhibiting tumor growth [33]. This
phenomenon is associated with the inhibition of STAT3 and
HIF-1α stabilization and the genes they control, including VEGF
and the VEGFR2 receptor [34]. According to other studies, MT
does not change VEGF expression in ischemic lesions [35].
However, recent data suggest that multifunctional regulatory MT
effects on angiogenesis are dose-dependent and determined
by the initial tissue condition. MT directly or indirectly enhances
angiogenesis during fractured bone healing, skin healing after
mechanical or chemical damage, in experimentally induced
gastric ulcers and myocardial or cerebral ischemia [33]. MT
boosts the angiogenic potential of mesenchymal stem cells
in the wound due to Erk1/2-mediated VEGF synthesis [36].
Besides, MT can stimulate production of platelet-derived
growth factor, which is a known angiogenesis stimulator, and
confers resistance to ischemic stress.
CONCLUSIONS
In our study, the absolute area of the experimentally induced
burn shrank by 35% from day 5 to day 20, the wound
epithelization rate and the total MC count in the wound
increased, and the functional activity of MC changed: the cells
lost their granularity and underwent significant degranulation.
ММР-9 and VEGF expression in the wound was elevated. A
negative correlation was established between the wound area
and the expression of ММР-9 and VEGF; the wound area and
the degranulation coefficient were also negatively correlated.
MMР-9 and VEGF expression in the wound increased as the
degranulation of mast cells intensified. MT-enriched DF caused
a reduction in the wound area observed on days 5, 10 and
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20 after thermal injury and increased the wound epithelization
rate. The medicated film increased the total MC count in the
wound and stimulated MC degranulation on days 5 and 10.
On day 20, there was a reduction in the total MC count in
the wound and a decline in degranulation. The application
of MT-enriched DF resulted in elevated MMP-9 expression
on day 5 and elevated VEGF expression on days 5 and 10;
MMP-9 expression on days 10 and 20 was reduced. The
obtained results expand our knowledge of the contribution
of changes in MC activity and the dynamics of MMP-9 and
VEGF expression to the pathogenesis of TB. They create a
basis for further clinical studies into the role of MC in skin
burns and help to identify diagnostic markers, predictors of

complications and markers of treatment efficacy among their
secretory products. Established at the preclinical stage, the
stimulatory effect of MT-enriched DF on tissue regeneration
is associated with changes in the abundance and activity of
mast cells and MMP-9 and VEGF expression in the wound.
It paves the way for the study of mechanisms underlying the
effects and efficacy of MT in the clinical setting in patients with
TB. Considering that wound healing mechanisms, regardless
of their nature, act in alliance, we believe that our findings
suggesting a stimulatory effect of MT-enriched DF on tissue
regeneration due to changes in mast cells activity and in
the abundance of MMP-9 and VEGF in the wound can be
extrapolated to wounds of other etiologies.
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Due to advances in medical science, the frequency of surgical interventions that once ended in end-stoma formation has decreased significantly. An ostomy is a
life-saving surgery performed when there are no other options. Unfortunately, the number of patients with life-threatening conditions requiring colostomy or ileostomy
is growing. A stoma in itself is a cause of social alienation; stoma-associated complications reduce the quality of life and debilitate the patient. The aim of this study
was to assess the effectiveness of hybrid intraperitoneal mesh repair of paracolostomy hernia using a modified EUROQOL 5D-5L questionnaire. Sixty patients with
paracolostomy hernias included in the study were divided in 2 groups (30 persons per group). The experimental group (10 (33%) men and 20 (67%) women) and
the control group (11 (37%) men and 19 (63%) women) were comparable in terms of sex (р = 0.787) and age (66.5 (62.2; 72.0) years vs. 65.0 (61.25; 71.75) years,
respectively; р = 0.246). Patients included in the control group underwent a classic Sugarbaker procedure; the experimental group underwent hybrid intraperitoneal
mesh repair. The quality of life of the patients was evaluated before surgery and then 1 and 2 years after surgery using a modified EUROQOL 5D-5L questionnaire.
Hybrid intraperitoneal mesh repair proved to be effective in the early and late postoperative periods. Based on the significant improvement of the patients’ quality
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Современный уровень развития медицины позволил значительно сократить частоту операций, сопровождающихся формированием концевых
кишечных стом. Такие операции предпринимают для спасения жизни, когда невозможно поступить другим образом. К сожалению, из-за роста числа
такого рода заболеваний число стомированных пациентов во всем мире увеличивается. Наличие стомы само по себе приводит человека к социальной
дезадаптации, а осложненная стома стойко снижает качество жизни и трудоспособность. Целью исследования было оценить эффективность
применения операции гибридной интраперитонеальной аллопластики параколостомических грыж при помощи оценки качества жизни пациентов на
основании опросника EUROQOL 5D-5L. Включенные в исследование 60 пациентов с параколостомическими грыжами были разделены на две группы
по 30 человек в каждой. Группа исследования (мужчины 10 (33%), женщины 20 (67%)) и группа сравнения (мужчины 11 (37%), женщины 19 (63%) были
сопоставимы по полу (р = 0,787) и возрасту (66,5 (62,2; 72,0) лет и 65,0 (61,25; 71,75), соответственно; р = 0,246). Пациентам первой группы была
выполнена операция Sugarbaker, второй — гибридная интраперитонеальная аллопластика. Оценку качества жизни пациентов до операции, через
год и через два года после нее осуществляли при помощи опросника EUROQOL 5D-5L. Показана эффективность гибридной интраперитонеальной
аллопластики до операции и в раннем и позднем послеоперационных периодах. На основании значительного улучшения качества жизни пациентов
после гибридной интраперитонеальной аллопластики можно сделать вывод о том, что эта операция является эффективным методом хирургического
лечения пациентов с параколостомическими грыжами.
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Paracolostomy hernia is one of the late colostomy
complications. According to different estimates, the rate of
herniation after colostomy or ileostomy varies from 28 to 100%
[1–6]. While a stoma in itself is a source of emotional distress for the
patient, a parastomal hernia significantly reduces the patient’s quality
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of life. Parastomal hernias can become painful, incarcerated or
strangulated, lead to chronic evacuation difficulties, cause aesthetic
discomfort and make it difficult to attach a colostomy bag [6–9].
To this day, paracolostomy hernias remain a surgical
challenge [10]. Despite the diversity of surgical options for
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their repair, parastomal hernias recur in 14–50% of patients;
reoperations increase the rate of recurrence up to 20–64%
[11–13]. Local tissue repair is characterized by a very high rate
of parastomal hernia recurrence (46–100%) [14]. Repair with
synthetic mesh placed in a potentially contaminated wound
(near the stoma site) is associated with a high risk of infection
(27.6%); therefore, a need may arise to remove hernia mesh
in the early postoperative period, which may lead to hernia
recurrence. Stoma relocation through open extraperitoneal
ostomy is also associated with high hernia recurrence
(75–100%). Today, these methods have only historical value [10].
By contrast, the Sugarbaker technique and its modifications
ensure the lowest rate of parastomal hernia recurrence (15%
on average) [15; 16]. The high recurrence rate drives the search
for new surgical techniques for parastomal hernia repair. One
of such techniques, hybrid intraperitoneal mesh alloplasty, was
proposed in our previous publication [17].
The aim of this study was to evaluate the effectiveness of
hybrid intraperitoneal mesh alloplasty of paracolostomy hernia
using a modified quality-of-life EUROQOL 5D-5L questionnaire.
METHODS
The study was conducted on 60 patients with paracolostomy
hernias undergoing hernia repair between 2013 and 2019
at the City Clinical Hospital № 4, Moscow. Our study was a
prospective single-center controlled continuous pilot trial of
hybrid intraperitoneal mesh alloplasty effectiveness in patients
with parastomal hernias. Sample size calculations were not
performed. The study included patients with permanent
stomas. The extent of surgical intervention which involved
stoma formation was determined by the type of rectal disease:
total abdominoperineal resection of the rectum for anal canal
cancer; partial abdominoperineal resection for cancer of
the rectal ampulla; colostomy for severe trauma of the anal
sphincter [9].
The following inclusion criteria were applied: parastomal
hernia confirmed by imaging tests which significantly
compromised the patient’s quality of life; clinical symptoms
indicative of episodes of incarceration, documented bowel
obstruction; informed consent to be treated, participate in the
study and be followed-up for 2 years after surgery; willingness
to follow medical advice. Exclusion criteria: allergies to iodinecontaining drugs; class IV–V of cardiac complications risk on
the MNOAR (Moscow Scientific Society for Anesthesiology and
Critical Care Resuscitation) scale [18]; Lee’s class IV of cardiac
complications risk (revised cardiac risk index) [19]; severe
chronic obstructive pulmonary disease with FVC reduced to
70%; mental disorders; impaired cognitive function; progressing
or metastatic cancer; the possibility of stoma reversal surgery.
Patients included in the study were randomized into 2 groups.
The control group comprised patients with paracolostomy hernia
who were operated on using a classic Sugarbaker technique,
i.e. tension-free intraperitoneal prosthetic mesh repair without
defect closure [20]. The experimental group consisted of 30
patients who underwent hybrid intraperitoneal hernioplasty with
composite mesh. This surgical intervention is a modification of
the Sugarbaker technique. Briefly, the defect in the abdominal
wall is closed with individual interrupted sutures so that it would
match the diameter of the colon. Then the suture line and the
anterior abdominal wall are reinforced with a composite mesh
placed around the stoma to form an envelope for the colon.
The mesh is secured with tacks to the parietal peritoneum
and sutured to the serosa of the colon (Fig. 1–3). If properly
performed, this technique prevents hernia recurrence during
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mesh integration with the native tissue. To sum up, the groups
differed in terms of the applied surgical technique; the patients
were randomly assigned to either group.
The groups were comparable in terms of parastomal hernia
size: there were 20 (67%) patients with type III hernia and 10
(33%) patients with type IV hernia in the experimental group vs.
15 (50%) and 15 (50%) patients with type III and type IV hernia,
respectively, in the control group (р = 0.191).
The overwhelming majority of our patients had a permanent
stoma for anal canal cancer; of them 22 (73%) were in the
experimental group and 20 (67%) were in the control group. The
groups were comparable in terms of the underlying condition
that necessitated a permanent colostomy (р = 0.763) The groups
were also comparable in terms of initial surgical intervention
(р = 0.394): 22 (73%) patients in the experimental group and 17
(57%) patients in the control group had total abdominoperineal
resection of the rectum. Table shows the distribution of patients
in the groups by their initial characteristics.
Early postoperative complications were evaluated using the
Clavien–Dindo classification [21]. No deaths were registered
in any of the groups. Most complications (surgical wound
complications like seromas, postoperative hematomas,
gastrointestinal paresis) were classified as grade I complications.
Surgical site seromas were detected in 7% (2–21%) of patients
from the experimental group and in 10% (4–25%) of patients
from the control group (the difference was insignificant;
р > 0.05, Fisher’s exact test). Surgical site hematomas were
detected in 3% (1–17%) of control group patients vs. no
hematomas in the experimental group. The proportion of
patients with early postoperative gastrointestinal paresis was
equal in both groups: 7% (2–21%). Thus, the frequency of early
postoperative complications did not differ significantly between
the groups [17].
Late postoperative complications (parastomal hernia
recurrence) were evaluated using follow-up contrast-enhanced
CT scans of the abdomen performed 1 and 2 years after
parastomal hernia repair. Two years after surgery, there were
3 parastomal hernia recurrences in the experimental group
(10% (3–26%)) vs. 13 recurrences in the control group (43%
(27–61%)); the difference was statistically significant (р = 0.01;
Yates-corrected χ2). The most common late postoperative
complications, besides parastomal hernia recurrence, are
colostomy stricture and prolapse. In our study, there were no
postoperative colostomy strictures in any of the groups. This
may be explained by the use of composite mesh that does not
erode into the bowel wall, cause deformation or stenosis of the

Fig. 1. An intraoperative image of the parastomal fascial defect
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Fig. 2. An intraoperative image showing defect closure with sutures

Fig. 3. An intraoperative image of the “envelope” for the colon

bowel [22]. No cases of colostomy prolapse were observed
in the experimental group. There were 3 cases of colostomy
prolapse (10%) in the control group. This complication was
most likely due to the absence of fixation of the colon to the
anterior abdominal wall at the ostomy site and higher colonic
mobility. During hybrid intraperitoneal hernia mesh alloplasty,
the colon is secured in place by adjusting the size of the defect to
the colonic diameter so as not to leave any free space in this zone.
The quality of life of our patients was assessed using a
European EUROQOL 5D-5L questionnaire. Our patients were
mostly elderly people with chronic neurological comorbidities
(cerebrovascular disease, chronic brain ischemia). It may be
difficult for such patients to complete extensive questionnaires,
and thus the results may be invalid and unreliable [9]. In our
study, the quality of life was measured using a EUROQOL
5D-5L questionnaire before hernia repair and 1 and 2 years
after hernia repair. These time points were chosen based on
the international literature reports of paracolostomy hernia
recurrences and our own data. Usually, paracolostomy hernias
recur within one year after surgical repair [15; 21].
The EUROQOL 5D-5L questionnaire consists of 2 sections.
The first section focuses on 5 dimensions: mobility, self-care,
usual activities, pain and discomfort, anxiety and depression.
There are 5 levels of severity for each dimension: no problems,
slight problems, moderate problems, severe problems, and
extreme problems. In total, the questionnaire generates 3,125
different health states [23; 24].
We modified the questionnaire so that our respondents
understood that they were evaluating the impact of
paracolostomy hernia (but not other conditions) on their
everyday activities and emotional state.
Below, we provide a modified version of the EUROQOL
5D-5L questionnaire [9].
1. Mobility:
a) My parastomal hernia does not cause any problems
walking — 1 point;
b) I have slight problems walking because of parastomal
hernia — 2 points;
c) I have moderate problems walking because of parastomal
hernia — 3 points;
d) I have severe problems walking because of parastomal
hernia — 4 points;
e) I am unable to walk because of parastomal hernia — 5
points.

2. Self-care:
a) I have no problems dressing or washing myself — 1 point;
b) I have slight problems dressing or washing myself — 2
points;
c) I have moderate problems dressing or washing myself — 3
points;
d) I have severe problems dressing or washing myself — 4
points;
e) I am unable to dress or wash myself because of
parastomal hernia — 5 points.
3. Usual activities (work, housework, family activities,
leisure):
a) I have no problems doing my usual activities — 1 point;
b) I have slight problems doing my usual activities because
of parastomal hernia — 2 points;
c) I have moderate problems doing my usual activities
because of parastomal hernia — 3 points;
d) I have severe problems doing my usual activities because
of parastomal hernia — 4 points;
e) I am unable to do my usual activities because of
parastomal hernia — 5 points.
4. Pain and discomfort:
a) I have no pain or discomfort — 1 point;
b) I sometimes have slight pain or discomfort that I link to
parastomal hernia — 2 points;
c) I sometimes have moderate pain or discomfort that I link
to parastomal hernia — 3 points;
d) I often have severe pain or discomfort that I link to
parastomal hernia — 4 points;
e) I almost always have extreme pain or discomfort that I link
to parastomal hernia — 5 points.
5. Anxiety and depression:
a) I am not anxious or depressed — 1 point;
b) I am slightly anxious or depressed — 2 points;
c) I am moderately anxious or depressed — 3 points;
d) I am severely anxious or depressed — 4 points;
e) I am extremely anxious or depressed — 5 points.
The second section of the questionnaire is a visual analogue
scale (VAS) that allows the patient to self-rate their general
health from 0 to 100 (Fig. 4).
The respondent completes the questionnaire independently;
it normally takes 2–3 min and does not pose any difficulty
even for elderly patients with memory problems or cognitive
impairment. The quality of life was evaluated by calculating a
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Table. Initial characteristics of patients included in the study

Total number of
patients (n = 60)

Experimental group
(hybrid intraperitoneal
mesh alloplasty)
(n = 30)

Control group (classic
Sugarbaker technique)
(n = 30)

21 (35%)
39 (65%)

10 (33%)
20 (67%)

65,5 (61,75; 72.0)

р

Statistical test

11 (37%)
19 (63%)

0,787

χ2

66,5 (62,25; 72,0)

65,0 (61,25; 71,75)

0,246

Манна–Уитни

35 (58%)
25 (42%)

20 (67%)
10 (33%)

15 (50%)
15 (50%)

0,191

χ2

Cancer of rectal ampulla
Anal canal cancer
Diverticular disease complications
Rectal sphincter trauma

15 (25%)
42 (70%)
1 (2%)
2 (3%)

7 (23%)
22 (73%)
0 (0%)
1 (3%)

8 (27%)
20 (67%)
1 (3%)
1 (3%)

0,763

χ2

Initial surgery
Subtotal abdominoperineal resection of rectum
Colostomy
Total abdominoperineal resection of rectum

18 (30%)
3 (5%)
39 (65%)

7 (23%)
1 (3%)
22 (73%)

11 (37%)
2 (7%)
17 (57%)

0,394

χ2

Characteristic

Sex
Male
Female
Median age, years
СParastomal hernia type
III
IV
Underlying condition

crosswalk index (weighted coefficient) using a EUROQOL 5D5L Crosswalk Index Value Calculator for Windows [24]. The
difference between the crosswalk indices before and after
treatment indicates the effectiveness of treatment. The following
grading scale for treatment effectiveness was applied:
∆ EQ–5D-5L < 0.10 points — no effect
0.10 ≤ ∆ EQ–5D-5L ≤ 0.24 — minimal effect
0.24 ≤ ∆ EQ–5D-5L < 0.31 — satisfactory effect
∆ EQ–5D-5L ≥ 0.31 points — pronounced effect
The obtained data were processed in Python 3.8. (Guido
van Rossum; Netherlands). Calculations were done using
algorithms from the SciPy library. The Shapiro-Wilk test was
applied to test the normality of distribution of quantitative
variables. The test showed that the variables had non-normal
distribution. Therefore, further analysis was performed using
nonparametric statistics. Variables that had non-normal
distribution are presented below as median values (Me),
upper and lower quartiles (Q1; Q3). Independent samples were
compared using the Mann–Whitney U test; dependent samples
were compared using the Wilcoxon test.

Possible correlations between quantitative variables were
investigated using nonparametric statistics (Spearman’s rank
correlation coefficient, rs). Qualitative variables are presented
below as absolute values, proportions (%) and 95%-CI
calculated by the Wilson method. Categorical variables were
compared using Pearson’s χ2. If the expected count in at least 1
cell was < 10, Yates’ correction for continuity was applied. If the
expected count per cell was < 5, Fisher’s exact test was applied
to measure the level of statistical significance. The significance
threshold was set at p ≤ 0.05.
RESULTS
Preoperative median values of the crosswalk index were
comparable between the groups: 0.56 (0.42; 0.69) in the
experimental group and 0.46 (0.29; 0;68) in the control
group (р = 0.113). Median VAS scores calculated before
surgery were also comparable: 52.5 (41.25; 67.5) in the
experimental group and 47.5 (40.0; 60.0) in the control
group (р = 0.156).

Rate your health today on the scale from 0 to 100
(0 is the worst health you can imagine; 100 is the best health you can imagine)

Fig. 4. The EUROQOL 5D-5L visual analogue scale
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VAS 1

VAS before
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Сrosswalk index before

Crosswalk index 1

Crosswalk index 2

Fig. 5. Correlations between the crosswalk index and the VAS score

A year after surgery, the median crosswalk index and the
median VAS score differed significantly between the groups
(р < 0.001* and р < 0.001*, respectively; * designates statistically
significant differences, i.e. p < 0.05). The median crosswalk
index and the median VAS score were significantly higher in the
experimental group than in the control group (crosswalk index:
0.92 (0.81; 1.0) in the experimental group vs. 0.89 (0.5; 1.0) in
the control group, р = 0.046*; VAS score: 95.0 (86.25; 100.0)
in the experimental group vs. 85.0 (62.5; 100.0) in the control
group, р = 0.021*).
Two years after surgery, the median crosswalk index was
still significantly higher in the experimental group (1.0 (0.93; 1.0)
than in the control group (0.8 (0.46; 1.0); р = 0.048*). Notably,
the crosswalk index increased significantly in the experimental
group in the second year after surgery from 0.92 (0.81; 1.0) to
1.0 (0.93; 1.0) (р = 0.033*), whereas in the control group it fell
from 0.89 (0.5; 1.0) to 0.8 (0.46; 1.0) (р = 0.028*).
During the second year after surgery, the values of the
crosswalk index in the experimental group were tight around
1 ((0.93, 1.0)), whereas in the control group they ranged
from 0.46 to 1.0, suggesting an unstable effect of surgery
(measured by the crosswalk index) after 2 years. VAS
scores were also higher in the experimental group than in
the control group two years after surgery but the differences

were insignificant: 95.0 (85.0; 100.0) in the experimental
group and 85.0 (50.0; 95.0) in the control group (р = 0.054).
By year 2, the median VAS score in the experimental group
stabilized at 95, without any significant dynamics. In the
control group, the median VAS score remained at the same
level (85) but the interquartile range expanded and shifted
towards lower values, which was reflected in the statistically
significant difference in VAS scores between years 1 and 2
after surgery: 85.0 (62.5; 100.0) in year 1 vs. 85.0 (50.0;
95.0) in year 2 (р = 0.004*).
Importantly, the crosswalk index and the VAS score were
well-correlated at all time points of measurement: before
surgery (rs = 0.8246; p < 0.001*), 1 year after surgery (rs = 0.8909;
p < 0.001*) and 2 years after surgery (rs = 0.9161; p < 0.001*).
In other words, the results generated by these two scales were
in good agreement with each other (Fig. 5).
DISCUSSION
After hernia repair, median values of quality-of-life indicators
improved significantly in both groups. However, the effectiveness
of paracolostomy hernia repair is determined not only by an
improvement in the quality of life but also by the proportion of
patients without recurrent herniation [25].
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Recurrence

43
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Fig. 6. Effectiveness of paracolostomy hernia repair
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ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ

The analysis of differences in the crosswalk index measured
before surgery and 1 year after it (effect 1) and differences in
this parameter measured 1 and 2 years after surgery (effect 2)
showed that the effect of the delivered treatment was statistically
significant (Fig. 6) in both groups 1 year after (effect 1; р = 0.004*)
and 2 years after surgery (effect 1; р = 0.028*).
In terms of prevention of hernia recurrence, hybrid
intraperitoneal hernia mesh repair in the experimental group had
a significantly stronger effect (90% (74; 97)%) than the classic
Sugarbaker technique in the control group (57% (39; 73)%);
(p = 0.009*; Yates-corrected χ2). The difference between the
crosswalk indices before and after treatment allows assessing
the effectiveness of the proposed surgical treatment based on
the grading scale for effectiveness. Our findings may be useful
for the planning of further studies and development of practical
recommendations.
Our findings suggest that a follow-up abdominal CT scan
might not be necessary in the late postoperative period after
colostomy hernia repair. In a clinical setting, using the modified
EUROQOL 5D-5L questionnaire may help to avoid a costly CT
procedure. If the questionnaire shows that the patient’s quality
of life has not improved significantly after surgery and hernia

ХИРУРГИЯ

recurrence is suspected, then a follow-up CT scan should be
ordered.
In the late postoperative period, recurrent herniation was
observed in 3 patients in the experimental group (10%; 95%CI:
3–26%) and 13 patients in the control group (43%; 95%CI:
27–61%; р = 0.01; Yates-corrected χ2). The rate of recurrence
in the experimental group was quite high. This raises the need
for further refinement of the surgical technique and for new
effective methods of parastomal hernia prevention [26–28].
The limitation of our study was a small sample size due to
stringent inclusion criteria.
CONCLUSIONS
Parastomal hernia repair is a challenging surgical procedure
without a clear standard of optimal surgical approach.
Data collected by means of the modified EUROQOL 5D-5L
questionnaire suggest that hybrid intraperitoneal hernia mesh
alloplasty is an effective surgical treatment for patients with
paracolostomy hernias that significantly improves the patient’s
quality of life. This technique can be recommended as a surgical
treatment option for parastomal hernia.
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Investigation of the efficacy of collagen membranes used in the full-thickness hyaline cartilage defect surgery is extremely urgent from the point of view of everyday
healthcare. However, there is no information about the collagen membrane transformation timeframe, patterns and type of tissue the membrane transforms into,
nor on the quality of the newly formed cartilage, which hinders the use of collagen membranes in clinical practice. This study aimed to investigate the biological
potential of collagen membranes and their capacity to transform into cartilage tissue. The study involved four pigs as subjects. We induced a full-thickness cartilage
defect on their right hind limb joint and implanted an Ortokeep collagen membrane to remedy it. Two full-thickness cartilage defects were induced on the left hind
limb joints of the animals, one was treated with an implanted Chondro-Gide collagen membrane, the other remained without a membrane. The animals were
withdrawn from the experiment at 2, 3, 4, 6 months after the operation. This report contains results of the macroscopic and microscopic analyses revealing the
character of cartilage tissue regeneration at various timepoints post-surgery. The collagen membranes proved to have a high biological potential and a capacity
to transform into cartilage tissue. The cartilages were identifiable from the 3rd month of the study. Their thickness was growing significantly (p < 0.05) up to the 4th
month post-surgery, gaining 18.7% in group 1 and 12.8% in group 2; afterwards, the formed tissue "matured". We have shown that the AMIC technique allows
significant (p < 0.05) reduction of the bone tissue destruction area.
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ЭКСПЕРИМЕНТАЛЬНАЯ ОЦЕНКА БИОЛОГИЧЕСКОГО ПОТЕНЦИАЛА КОЛЛАГЕНОВЫХ МЕМБРАН
ПРИ РЕКОНСТРУКЦИИ ПОЛНОСЛОЙНЫХ ДЕФЕКТОВ ГИАЛИНОВОГО ХРЯЩА
Г. Д. Лазишвили1

, К. А. Егиазарян1, Д. В. Никишин2, А. А. Воронцов3, Д. В. Клинов4
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Изучение эффективности применения коллагеновых мембран при хирургическом лечении полнослойных дефектов гиалинового хряща крайне актуально
для практического здравоохранения. Отсутствие сведений о том, в какие сроки, как и в какую хрящевую ткань трансформируются коллагеновые
мембраны, каково качество вновь образованного хряща, сдерживает их применение в клинической практике. Целью исследования было изучить
биологический потенциал коллагеновых мембран и их способность к трансформации в хрящевую ткань. Исследование проводили на четырех свиньях.
На суставах правых задних конечностей формировали полнослойный дефект хряща и имплантировали коллагеновую мембрану Ortokeep. На суставах
левых задних конечностей формировали по два полнослойных дефекта хряща. На один дефект имплантировали коллагеновю мембрану Chondro-Gide,
на второй дефект мембрану не имплантировали. Животных выводили из эксперимента в сроки 2, 3, 4, 6 месяцев после операции. Представлены
макроскопический и микроскопический анализ характера регенерации хрящевой ткани в различные сроки после операции. Результаты показали
высокий биологический потенциал коллагеновых мембран и их возможность трансформироваться в хрящевую ткань. Хрящ выявлялся с 3-го месяца
исследования. Отмечена тенденция к статистически достоверному (p < 0,05) увеличению его толщины вплоть до 4-го месяца (в группе 1 — на 18,7%,
во группе 2 — на 12,8%) с последующим его «созреванием». Показано, что при использовании технологии AMIC статистически достоверно (p < 0,05)
уменьшается область деструкции костной ткани.
Ключевые слова: хрящ, локальный дефект, коленный сустав, технология AMIC, костно-хрящевой дефект, коллагеновая мембрана, мозаичная пластика
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In the recent years, AMIC (autologous matrix induced
chondrogenesis) has grown widely popular as a full-thickness
hyaline cartilage defect restoration technique [1–4]. The method
relies on holes made in the subchondral bone and allowing
passage of bone marrow to the defect's surface, which
delivers bone marrow stromal cells inducing regeneration.
The resulting red bone marrow "superclot" is stabilized by a
collagen membrane implanted in the cartilage defect area.
The natural cell scaffolding protects and binds progenitor cells
inside the "biological chamber", stimulating their differentiation
and subsequent cartilage repair [3, 5]
The benefits of AMIC are clear. It is a minimally invasive
single step procedure that does not require chondrocyte
culturing; it enables restoration of large cartilage defects
(≥ 6–8 cm2); it is a simple surgical technique; its efficacy in
relieving pain, restoring joint function and ensuring patient
satisfaction with treatment outcomes has been proven.
Despite the wide popularity of AMIC, many controversial
and unresolved issues remain. In particular, little is known about
the time it takes the membrane to degrade, the nature of its
transformation into cartilage tissue and the quality of cartilage
tissue formed at the membrane implantation site [6, 7].
Currently, collagen membrane is the most demanded
biological material used in cartilage tissue restorations.
Unfortunately, the high cost of imported membranes disallows
widespread introduction of AMIC into everyday clinical practice
at domestic medical institutions. At the same time, cartilage
restoration is one of the highly demanded operations. This
fact determined the need to develop a domestic analogue
that meets all the current requirements practitioners have for
collagen membranes.
This study aimed to experimentally investigate the biological
potential of collagen membranes and their capacity to transform
into cartilage tissue.
METHODS
We used two types of collagen membranes, different in
composition, structure and nature of production.

ХИРУРГИЯ

The main (tested) membrane was the Ortokeep membrane
developed by Russian scientists (Ortosoft; Russia). It is formed
by electrospinning from nanofibers (300–500 nm in diameter),
which are a mixture of bovine type I collagen and polylactide.
Both sides of the membrane have similar microrelief and
wettability. By the formation method and structure of the
nanofibers, Ortokeep is radically different from the foreign
analogues, which allows an objective comparative analysis
of their biological potential.
We selected a Chondro-Gide collagen membrane (Geistlich
Pharma; Switzerland) as a control membrane for our experiments.
Chondro-Gide is synthesized from pork collagen types I and III
through natural resorption. This membrane is the most popular
bioproduct, it is widely used to repair full-thickness cartilage
defects, which is why we took it as a control membrane.
Experiment model
The experimental animals were four White Russian breed pigs,
6 months old, weighing 68/67.4/79/73 kg. They were kept
in the subsidiary farm of the Center for Preclinical Research
(Penza), isolated from the general livestock. At the beginning
of the experiment, the animals were in a satisfactory condition,
had a light color, independently took food and water, showed
no external manifestations of a disease. Their records contained
no entries describing diseases. All animals spent 3 weeks
before the experiment in isolation, with their feeding dosed.
The animals received individually calculated doses of systemic
analgesics (xylazine, etc.) used in veterinary and clinical
medicine. The depth of anesthesia was controlled by systemic
reactions: spontaneous breathing, heart rate, blood pressure,
state of the pupil, pulse oximetry. For respiratory support, we
employed an anesthesia and respiratory device that delivered
oxygen-air (anestetic gas) mixture of oxygen (75–85%), air and
1.0–3.0 vol.% of Isoflurane (aerran) in a semi-closed circuit.
On the right hind limb joints of each animal, using a round
bur, we made one full-thickness cartilage defect (defect № 1)
of rectangular shape, measuring 1 × 0.5 cm, reaching the
subchondral bone (Fig. 1A). With a thin drill (diameter of 1.5 mm),

А

B

C

D

E

F

Fig. 1. Stages of formation of full-thickness defects and implantation of collagen membranes. 1 — defect № 1 (implantation of the Ortokeep membrane); 2 — defect
№ 2 (implantation of the Chondro-Gide membrane); 3 — defect № 3 (no membrane implantation)
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3 months

4 months

6 months

Fig. 2. Macro specimen at various timepoints post surgery. 1 — defect № 1 after implantation of the Ortokeep membrane; 2 — defect № 2 after implantation of the
Chondro-Gide membrane; 3 — defect № 3, no membrane implantation

we reamed the subchondral bone to a depth of 1 cm, thus
letting bone marrow onto the surface of the defect (Fig. 1B).
The Ortokeep collagen membrane was shaped appropriately
for the defect and attached to the subchondral bone with fibrin
glue (Fig. 1C).
On the left hind limb joints we made two defects, defect No.
2 to be covered with the Chondro Gide membrane and defect
№ 3 to remain as is for control purposes (Fig. 1D). The collagen
membrane was modeled according to the shape and size of
the defect. After reaming the subchondral bone, we applied
fibrin glue to defect № 2 and implanted the Chondro-Gide
collagen membrane (Fig. 1E). No membrane was implanted
onto the control defect № 3 (Fig. 1F).
The animals were removed from the experiment 2, 3, 4, 6
months post-surgery by anesthesia (xylazine 15 ml, zoletil
1.5 ml I.M.) followed by bloodletting (transection of the carotid
arteries). For subsequent histological examination, we collected
large bone-cartilage fragments containing the studied defects.
For the purpose of microscopic examination, one biopsy
fragment was taken from the central part of each defect.

А

B

The bone-cartilage underwent gentle acid decalcification
followed by the standard histological preparation. Histological
sections 7–8 µm thick were stained with hematoxylin and
eosin (Van Gieson's stain). Using a microscope with a
digital 12-megapixel camera attachment (Sony; Japan) we
took micrographs of at least 5 views of each histological
section, studied the inflammatory response, structure of the
tissues, their percentage ratio in the defect area, state of the
microvasculature.
The obtained data were processed with the help of Statistica
v.10 software packages (StatSoft; USA). The assessment of
normality of distribution relied on the Shapiro–Wilk test. All the
parameters described in this work had a distribution close to
normal. For each parameter, we calculated the arithmetic mean
(M) and the arithmetic mean error (m).
The significance of differences between groups
was determined with the help of Fisher's exact test and
nonparametric Kolmogorov–Smirnov test. The differences
were considered significant at 95% probability threshold
(p < 0.05).

C
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B
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D

C

D
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Fig. 3. Microscopic examination of defect № 3, control group; staining with hematoxylin and eosin, — 40 (A); Van Gieson's stain, ×40 (B). 1 — osteodystrophy;
2 — coarse fibrous connective tissue; 3 — developing "crater" defect in cartilage and bone tissues; 4 — groups of adipocytes filling the "crater" defect; 5 — bundles
of collagen fibers between islets of adipocytes
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Fig. 4. Microscopic examination of defect № 1 after implantation of the Ortokeep membrane; staining with hematoxylin and eosin, ×40 (A); Van Gieson's stain, ×40 (B).
1 — fibrin; 2 — coarse fibrous connective tissue; 3 — developing cylindrical defect, active neoosteogenesis evident at the edges; 4 — neochondrogenesis; 5 — the
defect shrunk sharply with formation of a slit cavity in the center

RESULTS
Macroscopic examination
Macroscopic examination of the control group samples (defect
№ 3, no membrane) revealed defect expansion without signs
of cartilage tissue regeneration on its surface. The situation
progressed into the 6th month post-surgery (Fig. 2).
At the same time, there was no pronounced expansion of
the defects detected in the experimental groups (defects № 1
and № 2). The bed of the defects was even, but not uniform.
Palpation revealed the bed to be elastic. Both defects were
covered with a viable stable cartilage tissue (see Fig. 2).
Microscopic examination
Microscopic examination of the control group defect (defect
№ 3) revealed progression of the bone tissue destruction
process and very weak signs of chondrogenesis, seen only in
the immediate vicinity of the intact cartilage (Fig. 3).
Examination of the histological slides of samples with the
Ortokeep membrane revealed no inflammatory process and

А

B

leukocyte infiltration at all animal withdrawal timepoints. Up
to the 4th month, the border of the intact cartilage is clearly
visible, but by the 6th month it becomes indistinguishable. The
underlying bone tissue underwent significant resorption in the
immediate vicinity of the defect. However, there were no signs
of osteodystrophy in the surrounding spongy substance (Fig. 4).
Coarse fibrous connective tissue appeared at the site of the
removed cartilage and resorbed bone tissue. The formation and
maturation of the connective tissue was first noted at the first
animal withdrawal timepoint, and by the 6th month its volume
decreased (see Table). In parallel, active reparative processes
of bone tissue — neoosteogenesis — were evident along the
edges of the bone defect. Initially, the defect had a bulbous
shape, but later it turned cylindrical and by the 6th month
became wedge-shaped. From the 2nd to the 4th months, the
defect was mainly filled with coarse fibrous tissue, and by the
6th month it was almost completely covered with bone tissue.
Chondrocytes formed actively (neochronogenesis) not only
at the edge of the intact cartilage but also in the center of
the defect (see Fig. 4). In the center of the defect there was
a deep slit cavity extending relatively deep into the spongy
substance.
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C
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Fig. 5. Microscopic examination of defect No. 2 after implantation of the Chondro-Gide membrane, stained with hematoxylin and eosin, ×40 (A); Van Gieson's stain,
×40 (B). 1 — fibrin; 2 — coarse fibrous connective tissue; 3 — emerging bulbous defect, active neoosteogenesis evident along the edges; 4 — neochondrogenesis;
5 — the bed of the bone defect filled with adipocytes
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Table. Dimensional characteristics of the histological structure of the defect's center, various types of treatment

Intact cartilage thickness, μm

Cartilage thickness at the treatment
site's center, μm

Connective tissue thickness at the site of
implantation, μm

Cortical plate thickness in the intact area, μm

Cortical plate thickness at the treatment site, μm

Bone tissue volume, %

Cartilage tissue volume, %

Connective tissue volume, %

Volume of blood vessels, %

Group

2 months
(M ± m)

3 months
(M ± m)

4 months
(M ± m)

6 months
(M ± m)

Control

734,0 ± 16,12

2247,5 ± 36,94

2359,8 ± 38,79

842,10 ± 21,23

Chondro-Gide

1118,5 ± 21,81

1230,4 ± 23,99

1291,9 ± 25,19

838,67 ± 19,12

Ortokeep

1519,0 ± 38,42

1670,5 ± 42,26

1341,3 ± 25,08

886,35 ± 10,44

Control

0

0

0

0

Chondro-Gide

0

503,9 ± 22,74

571,4 ± 29,96

252,68 ± 12,19

Ortokeep

0

534,0 ± 36,42

657,1 ± 34,46

335,94 ± 13,47

Control

1635,2 ± 187,33

1152,2 ± 124,80

1094,6 ± 118,56

2406,98 ± 178,05

Chondro-Gide

1648,2 ± 137,34

1615,2 ± 134,60

1534,5 ± 127,87

900,58 ± 72,43

Ortokeep

2072,0 ± 339,89

1968,6 ± 322,90

2905,7 ± 204,92

1688,66 ± 71,60

Control

162,9 ± 6,33

121,9 ± 7,27

134,0 ± 8,00

53,22 ± 4,08

Chondro-Gide

162,2 ± 8,37

181,6 ± 9,38

199,8 ± 10,32

102,18 ± 6,60

Ortokeep

181,0 ± 9,92

198,6 ± 10,91

226,0 ± 12,03

84,53 ± 5,15

Control

121,6 ± 7,73

96,8 ± 5,53

106,5 ± 6,08

147,54 ± 18,67

Chondro-Gide

140,4 ± 13,67

157,3 ± 15,31

173,0 ± 16,84

184,76 ± 5,48

Ortokeep

149,0 ± 11,01

164,4 ± 12,11

163,9 ± 14,81

142,66 ± 19,93

Control

18,9 ± 0,63

18,5 ± 0,62

20,4 ± 0,68

10,42 ± 0,67

Chondro-Gide

16,3 ± 028

19,2 ± 0,33

21,1 ± 0,36

17,41 ± 0,36

Ortokeep

27,0 ± 0,67

29,8 ± 0,73

27,1 ± 0,57

30,23 ± 0,34

Control

15,4 ± 0,51

22,4 ± 0,74

24,6 ± 0,82

10,64 ± 0,38

Chondro-Gide

23,1 ± 0,29

25,8 ± 0,33

28,4 ± 0,36

15,04 ± 0,72

Ortokeep

27,0 ± 0,57

29,4 ± 0,63

32,1 ± 1,88

19,99 ± 0,43

Control

53,3 ± 0,70

52,3 ± 0,69

44,4 ± 0,58

13,31 ± 1,04

Chondro-Gide

53,2 ± 0,50

40,4 ± 0,48

34,4 ± 0,41

17,03 ± 0,56

Ortokeep

43,0 ± 0,47

33,7 ± 0,47

31,2 ± 0,46

18,19 ± 0,53

Control

5,8 ± 0,16

7,1 ± 0,20

6,8 ± 0,19

8,39 ± 0,42

Chondro-Gide

7,5 ± 0,45

8,9 ± 053

8,4 ± 0,50

11,91 ± 0,42

Ortokeep

9,0 ± 0,36

9,5±0,40

10,7±0,83

12,79±0,65

Examination of the histological slides of samples with the
Chondro-Gide membrane revealed no inflammatory process
and leukocyte infiltration at all animal withdrawal timepoints.
The border of the destroyed cartilage was indistinct. In the
center of the defect area there appeared a slit cavity, and
the underlying bone tissue underwent resorption (the depth
of resorption was less than registered in the control group).
Coarse fibrous connective tissue appeared where the
resorbed bone tissue was, with bone tissue tending to form
along the edge of the defect, same as the multiple islets of
chondrocytes in the thickness of the defect. The defect had a
bulbous shape; neochondrocytes formed more actively in the
direction from the periphery to the center. There were separate
slit cavities in the thickness of the coarse fibrous connective
tissue. A rather pronounced layer of fat cells has formed
between connective tissue and bone tissue at the bed of the
defect. The neoangiogenesis processes were intense. Islets of
chondrocytes also formed in the thickness of the connective
tissue, but, in contrast to defect № 1, they were found closer to
the developing callus (Fig. 5).
Analyzing results of the measurements, we noted that in
the control group a new cartilage has never fully formed in the
in the center of the operation area (Table). The same is true
for groups 1 and 2 at the 2nd month of the study, but starting
from the 3rd month, the cartilage became detectable and its
thickness was increasing significantly (p < 0.05) up to the
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4th month, with the gain being 18.7% (657.1 ± 34.46 μm) in
the 1st group and 12.8% (571.4 ± 29.96 μm) in the second
group. However, by the 6th month the thickness decreased
significantly (p < 0.05), by 51.1% in the 1st group and by by
44.2% in the 2nd group (335.94 ± 13.47 μm and 252.68 ±
12.19 μm, respectively), which is most likely associated with
the process of "organization" of the cartilaginous tissue. This
fact underscores the efficacy of membranes.
The thickness of the connective tissue in the control group
increased by 32.1% (p < 0.05) by the 6th month, while in groups
1 and 2 it decreased (p < 0.05) by 18.5% (1688.66 ± 71.60 μm)
and 46.4% (900.58 ± 72.43 μm), respectively. Shrinking
connective tissue indicates reparative processes in the area of
operation. In group 2, the thickness of the connective tissue
was decreasing rapidly because it was replaced with adipose
tissue, which somewhat worsens the ultimate repair with bone
tissue.
By the 6th month, the thickness of the cortical plate at the
surgery site increased by (p < 0.05) by 17.6 and 24.0% in the
control and 2nd groups, respectively, while in the 1st group it was
decreasing from month 2 to month 6 (p > 0.05) by 4.3%. For
the most part, the cortical plate gained in thickness due to the
formation of the new tissue (osteoid). Subsequently, that tissue
matured, with maturation starting earlier in group 1, which
suggests the surgery site in that group offered more favorable
conditions therefor.
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The above changes at the surgery sites zones are confirmed
by the component percentage ratio data shown in the Table.
It is also worth noting the processes of neoangiogenesis.
The area of blood vessels increased significantly (p < 0.05) in all
groups, But the fastest growth thereof was registered in the 1st
group (up to 12.79 ± 0.65%), which indicates the trophism of
the surgery site tissues was best there. In group 2, the area of
connective tissue increased to 11.91 ± 0.42%.
DISCUSSION
The demonstrated poor efficacy of bone tunneling applied
without additions to the treatment casts doubt on the feasibility
of performing such operations in clinical practice, which is
confirmed in studies by other authors [1]. The high efficacy of
collagen membranes in regeneration of cartilage tissue that we
have witnessed in this study accords with the results reported
by other researchers [1–4]. Unfortunately, it is not possible to
correctly compare the digital values, since the works cited
employed different biomodels. It also seems important to
study the data describing more long-term results and set up
a study to investigate the efficacy of membranes of different
compositions.

ХИРУРГИЯ

CONCLUSIONS
Both of the tested materials (Ortokeep and Chondro-Gide
collagen membranes) showed excellent results in regeneration
of a full-thickness cartilage defect. Almost identical
macroscopic and microscopic results were registered in both
experimental groups. However, a more detailed analysis of the
histological examination data revealed the following features:
1) in both groups, the area of collagen membrane implantation
was a patch of fibrous connective tissue with inclusions of
chondrocytes; 2) at the defect sites, collagen membranes
created better conditions for reparative processes, which is
confirmed by the shortest terms of closure of the defect with
the body's connective tissue; 3) maturation of the connective
tissue took less time; 4) in the zone of membrane implantation,
chondrogenesis was "scattered", with islets of hyaline cartilage
appearing in the formed coarse fibrous connective tissue, such
islets detectable by the 3rd month of the experiment and initially
distant from each other but tending to merge at later withdrawal
timepoints; neochondrogenesis was evident not only at the
healthy tissue border but also in the thickness of the connective
tissue callus; 5) the figures reflecting bone and cartilage tissue
volumes prove the efficacy of collagen membranes.
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FLUORESCENCE DETECTION OF AMYLOID DEPOSITS IN HUMAN TISSUES USING
HISTOCHEMICAL DYES
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Recently, fluorescence microscopy becomes more available, presenting new opportunities to face several challenges of experimental biology and medicine. The
study was aimed to assess the effectiveness of fluorescence microscopy for the identification of amyloid deposits in human tissues. Post-mortem samples of the
myocardium (n = 12) and cerebral cortex (n = 8) obtained from subjects of both sexes aged 60–98 with verified amyloidosis were used as a material for the study.
The specimens were stained using 11 different histochemical dyes and subsequently analyzed by light and fluorescence microscopy. Qualitative and quantitative
analysis has shown that Thioflavin T is the most effective stain for fluorescence detection of β- and transthyretin amyloid in human tissues. Congo red staining is
highly effective for the detection of transthyretin amyloidosis, however, it is ill-suited for the identification of β-amyloid plaques. It has been found that the ability of
Congo red to exhibit fluorescence when binding to amyloid fibrils can be used for verification of amyloid deposits instead of the traditional polarized light microscopy.
As has been first noted, methyl violet can selectively bind to β-amyloid with fluorescent complex formation. In addition, methyl violet treatment effectively reduces
the autofluorescent background in the nervous tissue. This makes methyl violet staining a promising diagnostic tool for Alzheimer's-type pathology.

Keywords: fluorescence microscopy, amyloid, amyloid plaques, histochemistry, congo red, thioflavin, methyl violet

Author contribution: Guselnikova VV — literature analysis, study planning, staining specimens, analysis and interpretation of the results, manuscript draft writing;
Sufieva DA — quantitative data analysis; Tsyba DL — quantitative data analysis; Korzhevskii DE — conceptual development, study planning, manuscript editing.
Compliance with ethical standards: the study was conducted in accordance with the requirements of the World Medical Association Declaration of Helsinki
(2013) and approved by the Ethics Committee of the Institute of Experimental Medicine (protocol № 3/18 dated November 22, 2018).
Correspondence should be addressed: Valeria V. Guselnikova
Acad. Pavlov, 12, Saint Petersburg, 197376; Guselnicova.Valeriia@yandex.ru
Received: 12.07.2021 Accepted: 25.07.2021 Published online: 31.07.2021
DOI: 10.24075/brsmu.2021.034

ПРИМЕНЕНИЕ ГИСТОХИМИЧЕСКИХ КРАСИТЕЛЕЙ ДЛЯ ФЛУОРЕСЦЕНТНОГО ВЫЯВЛЕНИЯ
АМИЛОИДНЫХ СКОПЛЕНИЙ В ТКАНЯХ ЧЕЛОВЕКА
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В последнее время метод флуоресцентной микроскопии приобретает все большее распространение, открывая новые возможности для решения целого
ряда задач экспериментальной биологии и медицины. Целью настоящей работы было оценить эффективность применения метода флуоресцентной
микроскопии для идентификации амилоидных скоплений в тканях человека. В качестве материала для исследования были использованы фрагменты
миокарда (n = 12) и коры головного мозга (n = 8) людей обоих полов в возрасте от 60 до 98 лет с верифицированным амилоидозом. Препараты окрашивали
с применением 11 разных гистохимических красителей с последующим анализом методами световой и флуоресцентной микроскопии. Проведенные
качественный и количественный анализ показали, что тиофлавин Т является наиболее эффективным красителем для флуоресцентного выявления β- и
транстиретинового амилоида в тканях человека. Методика окраски конго красным обладает высокой эффективностью в отношении транстиретинового
амилоидоза, но плохо подходит для идентификации β-амилоидных бляшек. Установлено, что способность конго красного флуоресцировать при
связывании с амилоидными фибриллами может быть использована для верификации амилоидных скоплений вместо традиционной поляризационной
микроскопии. Впервые отмечено, что краситель метиловый фиолетовый обладает способностью специфично связываться с β-амилоидными
скоплениями с формированием флуоресцирующего комплекса, одновременно подавляя автофлуоресценцию нервной ткани. Это делает методику
окраски метиловым фиолетовым перспективной для диагностики патологии альцгеймеровского типа.
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In recent years, fluorescence microscopy is being increasingly
used for morphological studies. This method becoming a
research tool available together with rapid introduction of
the method into clinical diagnostic practice provide new
opportunities to face a number of challenges of experimental
biology and medicine. Improving methods for morphological
diagnosis of amyloidosis is one of those challenges.
Amyloidosis is a group of protein-conformational diseases
characterized by extracellular deposition of pathological
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insoluble fibrillar proteins, amyloids, in organs and tissues [1].
Amyloidosis is a severe condition having high mortality rate.
The most malignant forms of amyloidosis occur in individuals of
working age. Accumulation of amyloid in various organs (heart,
kidney, liver, lungs, gastrointestinal tract, etc.) results in impaired
organ function and can cause cardiomyopathy, heart and kidney
failure, hepatic vein thrombosis, etc. Accumulation of amyloid
in brain is a histopathological sign of such neurodegenerative
diseases, as Alzheimer's disease and Parkinson's disease [2–4].
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Differential diagnosis of amyloidosis is difficult due to great
diversity of clinical manifestations and lack of pathognomonic
symptoms. To date, histological examination of tissue specimens
with the use of Congo red stain, and subsequent investigation
of specimens using light and polarized light microscopy
remains the most reliable diagnosis method [5]. However,
application of such an approach often results in false positive
and/or false negative findings [6], which indicates imperfect
nature of the existing methods. This explains the urgency of
the problem of searching for new approaches to improving
the quality of amyloidosis morphological diagnosis. The use of
fluorescence microscopy can make a definite contribution to
that objective. Currently, many clinical and diagnostic centers
are equipped with fluorescence microscopes, allowing them to
use fluorescent properties of some dyes for diagnosis, including
for diagnosis of amyloidosis.
The study was aimed to assess the effectiveness of
fluorescence microscopy for identification of amyloid deposits
in human tissues.
METHODS
Samples of myocardium (n = 12) and cerebral cortex (n = 8),
obtained from patients of both sexes (4 men and 8 women, 3
men and 5 women respectively) aged 60–98 with amyloidosis
detected by immunohistochemistry, were used as a material for
the study. Inclusion criteria: immunopositive β-amyloid plaques
in cerebral cortex and accumulation of aggregated transthyretin
in myocardium. Exclusion criteria: marked postmortem autolytic
changes in brain tissue or myocardium.
Rabbit OC polyclonal antibody (Anti-Amyloid Fibrils OC
Antibody) against the conformational epitopes of amyloid fibrils
(1:1000 dilution, catalogue number AB2286, Sigma-Aldrich;
USA) and mouse monoclonal (clone TA5F4) antibody targeting
aggregated transthyretin (1:600 dilution, catalogue number
848102, BioLegend; USA) were used to verify the presence of
amyloid deposits.
Biomaterial was received from the archive of the Department
of General and Special Morphology, Institute of Experimental
Medicine. Samples were fixed in 10% formalin and embedded
in paraffin. Paraffin blocks were sectioned in order to obtain
the slices 5, 7 and 14 µm thick. Human cerebral cortex and
myocardium specimens were stained using a number of
histochemical stains in order to assess the potential of using
histochemical dyes for fluorescence detection of amyloid (Table 1).
Specimen analysis and imaging were performed using Leica
DM750 light microscope (Leica Microsystems; Germany) and
Leica DM2500 fluorescence microscope (Leica Microsystems;

ПАТОМОРФОЛОГИЯ

Germany), equipped with a set of fluorescence filters 340–
560 nm. The filter set included the following excitation filters:
ВР=340–380 nm (the first — “А”), ВР=450–490 nm (the second —
“I3”) and ВР=515–560 nm (the third — “N2.1”).
Amyloid plaques detected by various techniques were
counted in serial sections of cerebral cortex of the same case.
The plaques were counted by three different researchers under
identical conditions using the objective lens with a magnification
of ×40. Since the distribution of amyloid plaques in the nervous
tissue was very uneven, the plaques were counted across the
entire area of the slice (0.67 cm2), and after that the number
of plaques per cm2 was calculated. The number of amyloid
plaques detected by immunofluorescence assay was used as
a reference value. Mouse monoclonal (clone DE2B4) antibody
against β-amyloid (1:200 dilution, catalogue number ab11132,
Abcam; UK) was used for that purpose; biotin-conjugated Fab
fragment from a donkey anti-mouse immunoglobulin (Jackson
ImmunoResearch; USA) and Cy2-conjugated streptavidin
(Jackson ImmunoResearch; USA) were used as secondary
reagents.
Statistical analysis of the data obtained was performed
using the GraphPad Prism 9 software (GraphPad Software
Inc.; USA). The indicators were compared using the analysis
of variance (ANOVA) with subsequent pairwise comparison of
groups (Thioflavin T, Congo red, methyl violet) with the control
(immunohistochemistry) using the Dunnett's post-hoc test. The
differences were considered significant when р < 0.05. The
data were presented in the following format: mean ± standard
error of the mean.
RESULTS
Analysis of histochemical dye effectiveness for
fluorescence detection of amyloid deposits
The results of using various histochemical dyes for identification
of β-amyloid and transthyretin amyloid by light and fluorescence
microscopy are presented in Tables 2 and 3 respectively.
Three dyes are capable of binding to amyloid fibrils to
form fluorescent complexes: Thioflavin T (ThT), Congo red
and methyl violet.
When stained with ThT, amyloid plaques in cerebral
cortex are clearly visible even at low magnification (×10) of a
microscope. The deposits detected look like compact focal
lesions fluorescent in the blue range (Fig. 1A). Amyloid plaques
are characterized by morphological heterogeneity: some
plaques have a roundish intensely fluorescent dense central core
surrounded by a fibrillar peripheral halo (Fig. 1А; arrow 1), while

Table 1. List of dyes used
Dye

Manufacturer and producer country

Staining dye solution
0.1% aqueous solution

Congo red

Sigma, USA

Thioflavin T

Fluka, USA

1% aqueous solution

Alcian blue

BioVitrum, Russia

Commercially available solution

Toluidine blue

Acros Organics, USA

1% alcohol solution
0.1% aqueous solution

Methyl violet

Pr. G. Grubler, Germany

Methylene green

Ferak Berlin, Germany

0.1% aqueous solution

Eosin Y solution, alcoholic

BioVitrum, Russia

Commercially available solution

Janus green

Merck, Germany

0.1% aqueous solution

Pyronin G

British Drug Houses, UK

0.1% aqueous solution

Basic fuchsin

Serva, Germany

0.1% aqueous solution

Neutral red

National Aniline Division, USA

0.1% aqueous solution
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Table 2. Results of β-amyloid staining in human cerebral cortex
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Dye

Color of amyloid deposits when viewed in
transmitted light

Fluorescence of amyloid deposits

Congo red

Salmon pink

+

Thioflavin T

–

+

Alcian blue

Blue

–

Toluidine blue

–

–

Methyl violet

–

+

Methylene green

–

–

Eosin Y

Light pink

–

Janus green

–

–

Pyronin G

–

–

Basic fuchsin

–

–

Neutral red

–

–

other plaques look like deposits formed of nothing but fibrillar
structures (Fig. 1А; arrow 2). Fluorescence is characteristic of
amyloid plaques of both types. When stained with ThT, these
are visualized with uniform effectiveness (Fig. 1А). Analysis
of specimens revealed low background fluorescence of cell
nuclei and autofluorescent lipofuscin (pigment accumulated in
neurons during aging).
When stained with ThT, transthyretin amyloid in human
myocardium is also characterized by intense fluorescence in the
blue range (Fig. 1B). Similarly to the cerebral cortex specimens
assessment, background fluorescence of cell nuclei (Fig. 1B;
arrow head, turquise) was observed in myocardium together
with autofluorescence of lipofuscin granules (Fig. 1B, short
arrow, orange), the accumulation of which is characteristic
both of neurons and cardiomyocytes. It is important to highlight
the following: despite the fact that the color of fluorescence
in non-amyloid tissue component differs from the color of
fluorescence in amyloid fibrils bound to ThT, the presence of
additional fluorescent elements complicates identification and
quantification of amyloid deposits.
Analysis of specimens stained with Congo red using
fluorescence microscope showed that congophilic amyloid
deposits in human tissues were fluorescent in the red range
(Fig. 1C; 1D). When examining cerebral cortex specimens, it
was noted that after staining with Congo red amyloid plaques
were detected not in every studied specimen. Few congophilic
deposits in brain tissue were identified only in three cases out of
eight cases under investigation. When stained with Congo red,
maximum fluorescence intensity was observed in the dense
central core of amyloid plaque. Fibrillar peripheral halo was

poorly visualized. Plaques with no compact core were poorly
distinguishable compared to plaques with intensely fluorescent
central area. Significant background fluorescence (in the red
range) was also noted in the cell nuclei of cerebral cortex cells,
red blood cells and lipofuscin (Fig. 1C).
When examining myocardium specimens stained with
Congo red, amyloid deposits looked like fibrillar aggregates
of varying size, located in the myocardial interstitial space,
and intensely fluorescent in the red range (Fig. 1D). Lipofuscin
autofluorescence was observed, which made it difficult to
identify amyloid deposits, especially in case of accumulation of
a large amount of this pigment by cardiomyocytes.
Analysis of specimens stained with methyl violet using
fluorescence microscope showed that in that case amyloid
plaques were intensely fluorescent in the blue range (Fig. 1E).
Moreover, tissue background fluorescence was totally absent.
Only weak dark crimson staining of nervous tissue was observed,
which enhanced the contrast of the detected amyloid plaques
(Fig. 1E). Total lack of background fluorescence significantly
simplified identification of amyloid plaques. The plaques with
or without the dense central core were visualized with equal
effectiveness. It should be noted that transthyretin amyloid
in human myocardium was not fluorescent when stained
with methyl violet (in contrast to amyloid plaques in cerebral
cortex), although when the stained specimens were viewed in
transmitted light, amyloid deposits in myocardium were clearly
visible due to metachromatic (deep purple) staining (Fig. 2А).
Staining of transthyretin amyloid with basic fuchsin was an
interesting object found during the study. After application of
this dye amyloid deposits become deep read when viewed in

Table 3. Results of transthyretin amyloid staining in human myocardium
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Dye

Color of amyloid deposits when viewed in
transmitted light

Fluorescence of amyloid deposits

Congo red

Salmon pink

+

Thioflavin T

–

+

Alcian blue

Blue

–

Toluidine blue

Light purple

–

Methyl violet

Deep purple

–

Methylene green

–

–

Eosin Y

Light pink

–

Janus green

Grayish purple

–

Pyronin G

Light pink

–

Basic fuchsin

Red

–

Neutral red

Dark red

–
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E
Fig. 1. Fluorescence detection of amyloid deposits in human cerebral cortex (А, C, E) and myocardium (B, D). Thioflavin T (А, B), Congo red (C, D) and methyl violet (E)
staining. Arrow 1 points at amyloid plaque with dense central core, arrow 2 points at fibrillar amyloid plaque (no dense core), short arrow points at lipofuscin deposits,
and the arrow head points at cell nucleus. The scale bar shows 50 µm (А, B, D) and 20 µm (C, E)

transmitted light (Fig. 2B). According to our data, metachromatic
properties of basic fuchsin when staining amyloid have not
been described earlier.
Quantitative analysis of amyloid plaques detected
using various dyes
During analysis of human cerebral cortex specimens, it was
noted that the visually detected number of amyloid plaques
varied greatly depending on staining method. Therefore, the
quantitative study was performed, which included counting of
amyloid plaques in the specimens of the same case stained with
different dyes by three different researchers. The quantitative
analysis results are presented in Fig. 3. The results obtained
were compared with the results of immunohistochemical assay
for detecting β-amyloid fibrils, being the most sensitive method
for amyloid plaque identification.
As shown in the histogram, the number of amyloid plaques
detected using any histochemical dye is significantly lower
than the number of immunopositive plaques. The average
number of amyloid plaques detected by immunofluorescence
staining in the sample, collected for quantitative analysis, was
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1106 ± 76.72 per сm2 of brain tissue. The minimum quantitative
differences with the control group were observed when the
slices were stained with ThT. After application of this stain
the average number of amyloid plaques was 810.9 ± 44.49
per сm2. Maximum differences with the control group were
observed when the slices were stained with Congo red: the
number of visualized plaques was 268.1 ± 15.34 per сm2. The
average number of amyloid plaques when stained with methyl
violet was 399.0 ± 60.03 per сm2, which was the intermediate
value between the results obtained for ThT and Congo red
staining.
DISCUSSION
The ability to form fluorescent complexes when binding to
cellular and tissue structures has been previously reported for a
wide range of histochemical dyes. Thus, fluorescent properties
of eosin are used for visualization of elastic fibers [7], liver injury
assessment [8], spleen morphology evaluation [9], as well as
for assessment of periodontal structure and function [10].
Basic fuchsin also demonstrates fluorescent properties when
binding to elastic fibers [11]. Therefore, the search for new
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amyloid fibril-specific fluorescent probes among the known
histochemical dyes may contribute to development of new
approaches to the diagnosis of amyloidosis.
Staining of slices with ThT is the most well-known
technique of amyloid fluorescence detection. It has been
shown that molecules of this dye are able to specifically
integrate into the β-sheet structure of amyloid fibrils. According
to researchers, such integration blocks the rotation of the
dimethylaminobenzene ring relative to the benzothiazole ring
in the dye molecule, which leads to a significant (by thousand
times) increase in fluorescence quantum yield [12].
According to literature, upon binding to amyloid fibrils, ThT
demonstrates a dramatic shift of the excitation maximum from
385 nm to 450 nm and the emission maximum from 445 nm
to 482 nm [13]. Therefore, it is common practice to assess
fluorescence of ThT-stained amyloid deposits in the green
range (with the use of excitation filter ”I3” ВР=450–490 nm). Our
studies indicate that staining with ThT is an effective method of
β- and transthyretin amyloidosis visualization in human tissues.
It is interesting that after ThT staining of human cerebral cortex
and myocardium slices the intense amyloid fluorescence was
observed not only in green, but also in blue range (with the use
of excitation filter ВР=340–380 nm). Moreover, in this case the
color of nervous and muscle tissue autofluorescent elements
(lipofuscin, accumulating in neurons and cardiomyocytes during
aging, NADPH, contained in mitochondria, etc.) was different
from the color of ThT-stained amyloid fluorescence. This
significantly enhances the contrast when detecting amyloid.
Despite the fact that ThT can selectively interact with
proteins in the state of amyloid fibrils to form the intensely
fluorescent complex, it is much less frequently used for clinical
diagnosis than the other dye with similar mechanism of action,
Congo red. Currently, Congo red stain is the gold standard
for detection of amyloid. It is widely used in scientific research
and clinical diagnostic practice [14, 5]. Like ThT, Congo red
integrates into β-sheet structure of amyloid fibrils acquiring
the ability to rotate the plane of light polarization. Therefore,
polarized light microscopy is a traditional method used to verify
the type of congophilic deposits detected [14]. However, the
color of fluorescence in congophilic deposits viewed under
polarized light may vary greatly, which makes interpretation of
the results obtained increasingly complicated [15].
We have shown that it can be recommended to use
fluorescence microscopy instead of polarized light microscopy
for verification of amyloid deposits after staining with Congo
red. The ability of Congo red to exhibit fluorescence when
binding to amyloid fibrils was reported back in 1959 [16].
However, the use of Congo red fluorescent properties was not
widely implemented at the time. It was probably due to the
fact that fluorescence microscopes were available only to a few
diagnostic laboratories upon the time of the abovementioned
article release. The use of Congo red ability to exhibit
fluorescence when binding to amyloid may help to reduce the
number of false positive and false negative findings, resulting
from erroneous interpretation of the results due to variability
of green hue of congophilic deposits fluorescence in polarized
light. It is important to emphasize however that, according to
our studies, staining with Congo red is ineffective for detection
of β-amyloid plaques. This is evidenced by the fact that,
when using Congo red, amyloid can be identified not in every
specimen of cerebral cortex, containing β-amyloid plaques
(based on immunohistochemical assay data). Moreover, the
number of congophilic plaques in the specimen, selected for
quantitative analysis, is four times lower than the value obtained
after immunohistochemical staining.
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А

B

Fig. 2. Metachromatic staining of transthyretin amyloid in human myocardium. А.
Methyl violet stain. B. Basic fuchsin stain. The scale bar shows 50 µm

The first attempts to detect amyloid using metachromatic
dyes, such as toluidine blue, crystal violet, and methyl violet,
began at the end of the last century. According to the studies
of those years, these methods were significantly less effective
in amyloid detection compared to staining with Congo red and
ThT [17]. It should be noted that the assessment of specimens
stained with metachromatic dyes has been earlier performed
only by transmitted light microscopy. We have found that
staining with methyl violet with subsequent verification of
amyloid by fluorescence microscopy is an effective method for
detection of β-amyloid plaques. In this case, it is much easier to
identify amyloid plaques within the slice due to totally abscent
backgroung fluorescence of non-amyloid tissue components. It
has been previously shown that applying crystal violet, having
the chemical structure similar to methyl violet, to paraffin tissue
sections results in significantly reduced autofluorescence
[18]. Methyl violet probably possesses similar properties. It is
interesting that this staining method is ineffective for transthyretin
myocardial amyloidosis. In this case amyloid demonstrates
metachromasia when viewed in transmitted light. However, it
is characterized by total abscence of fluorescence. This may
indicate specific nature of methyl violet molecule binding to
amyloid fibrils of certain type.
Identification of amyloid plaques in human cerebral cortex
is an urgent challenge, since the presence of amyloid plaques
is considered one of the main histological signs of Alzheimer's
disease. During our studies, we have found that histochemical
dyes analyzed interact with amyloid plaques to form fluorescent
complexes with varying degrees of effectiveness. The observed
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CONCLUSIONS
The use of fluorescence microscopy gives rise to new
approaches to visualization of amyloid in human tissues,
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differences in the number of amyloid plaques detected using
different methods may be due to varying specificity of binding to
β-amyloid fibrils shown by the dyes. Significant differences from
immunofluorescence assays suggest that the histochemical dyes
used don’t bind to all amyloid plaques in the tissue, but only to
some of them. This may be due to structural differences between
different types of amyloid plaques. Thus, it has been found that
diffuse (immature) amyloid plaques do not have fibrillar structure.
Such plaques are the compact deposits of β-amyloid peptide
[19]. Due to lack of amylois fibrils, these plaques are unable to
interact with such dyes, as Congo red and ThT, the molecules of
which are incorporated into structures with certain conformation.
From this perspective, histochemical methods of amyloid
detection are not entirely analogous to immunohistochemical
methods, since the use of antibodies makes it possible to define
where certain protein (β-amyloid, transthyretin, etc.) is located.
In this case histochemical methods are a more effective way of
detecting conformational pathology.
In spite of the fact that quantitative data indicate lower
effectiveness of using any histochemical stain for detection of
amyloid plaques compared to immunofluorescence method,
the results obtained could be of interest for future research.
Immunofluorescence method is complicated and expensive due
to high cost of reagents and disposables required. As a result,
it can be used as a routine method in a minority of scientific,
clinical diagnostics and pathomorphological laboratories. In
contrast, histochemical methods are simple and cost-effective,
being more widely available. The problem of these methods’
lower effectiveness for amyloid detection can be partly solved
by modifying the existing histochemical dyes and developing
the analoques of those [12, 20].

ПАТОМОРФОЛОГИЯ

Fig. 3. Quantitative assessment of amyloid plaques stained using various
methods. The differences with the control group (immunohistochemistry) are
considered significant when p = 0.01 (*) and p < 0.0001 (****)

which can be successfully used to improve the effectiveness
of amyloidosis morphological diagnosis. Thioflavin Т is the
most effective histochemical dye for fluorescence detection of
β- and transthyretin amyloidosis in human tissues. Congo red
staining method is highly effective for detection of transthyretin
amyloidosis. However, it is ill-suited for identification of β-amyloid
plaques. The ability of Congo red to exhibit fluorescence when
binding to amyloid fibrils may be used for verification of amyloid
deposits instead of polarized light microscopy. Methyl violet is
able to specifically bind to β-amyloid deposits with fluorescent
complex formation, simultaneously suppressing autofluorescence
in nervous tissue. This makes methyl violet staining a promising
method for the Alzheimer’s-type pathology diagnosis.

References
1.
2.
3.
4.
5.

6.
7.

8.

Picken MM. The pathology of amyloidosis in classification:
A review. Acta Haematol. 2020; 143 (4): 322–34. DOI:
10.1159/000506696.
Cuddy SAM, Falk RH. Amyloidosis as a systemic disease in
context. Can J Cardiol. 2020; 36 (3): 396–407. DOI: 10.1016/j.
cjca.2019.12.033.
DeTure MA, Dickson DW. The neuropathological diagnosis of
Alzheimer's disease. Mol Neurodegener. 2019; 14 (1): 32. DOI:
10.1186/s13024-019-0333-5.
Dickson DW. Neuropathology of Parkinson disease. Parkinsonism
Relat Disord. 2017; 46 (Suppl 1): S30–S33. DOI: 10.1016/j.
parkreldis.2017.07.033.
Dapson RW. Amyloid from a histochemical perspective. A review
of the structure, properties and types of amyloid, and a proposed
staining mechanism for Congo red staining. Biotech Histochem.
2018; 93 (8): 543–56. DOI: 10.1080/10520295.2018.1528385.
Yakupova EI, Bobyleva LG, Vikhlyantsev IM, Bobylev AG. Congo
Red and amyloids: history and relationship. Bioscience Reports.
2019; 39 (1): BSR20181415. DOI: 10.1042/BSR20181415.
De Carvalho HF, Taboga SR. The applicability of hematoxylin-eosin
staining plus fluorescence or confocal laser scanning microscopy
to the study of collagen fibers in cartilages. Coll R Acad Sci III.
1996; 319: 991–6. PMID: 9064122.
Hamid A, Safdar A, Maryam M, Amjad A, Azra J, Abid A. Eosin
fluorescence: A diagnostic tool for quantification of liver injury.
Photodiagnosis Photodyn Ther. 2017; 19: 37–44. DOI: 10.1016/j.
pdpdt.2017.03.016.

ВЕСТНИК РГМУ | 4, 2021 | VESTNIKRGMU.RU

9.
10.

11.
12.

13.
14.

15.
16.

Jakubovsky J, Guller L, Cerna M et al. Fluorescence of hematoxylin
and eosin-stained histological sections of the human spleen. Acta
Histochem. 2002; 104 (4): 353–6. DOI: 10.1078/0065-1281-00684.
De Rossi A, Rocha LB., Rossi MA. Application of fluorescence
microscopy on hematoxylin and eosin-stained sections of healthy
and diseased teeth and supporting structures. J Oral Pathol Med.
2007; 36 (6): 377–81. DOI: 10.1111/j.1600-0714.2007.00542.x.
Pihlman K, Linder E. Fluorescence microscopical visualization
of elastic fibres using basic fuchsin. Histochemistry. 1983; 79
(2):157–65. DOI: 10.1007/BF00489778.
Sapozhnikov SP, Karyshev PB, Sheptukhina AI, Nikolayeva OV,
Avruyskaya AA, Mitrasov YN, Kozlov VA. Novel fluorescent probes
for amyloid detection. СТМ. 2017; 9 (2): 91–8. DOI: 10.17691/
stm2017.9.2.11.
Biancalana M, Koide S. Molecular mechanism of Thioflavin-T
binding to amyloid fibrils. Biochim Biophys Acta. 2010; 1804 (7):
1405–12. DOI: 10.1016/j.bbapap.2010.04.001.
Sipe JD, Benson MD, Buxbaum JN., Ikeda S-I, Merlini G, Saraiva
MJM, Westermark P. Amyloid fibril proteins and amyloidosis:
chemical identification and clinical classification International
Society of Amyloidosis 2016 Nomenclature Guidelines. Amyloid.
2016; 23 (4): 209–13. DOI: 10.1080/13506129.2016.1257986.
Howie AJ, Mared P O-C. 'Apple-green birefringence' of amyloid
stained by Congo red. Kidney Int. 2012; 82 (1): 114. DOI:
10.1038/ki.2012.89.
Cohen AS, Calkins E, Levene CI. Studies on experimental
amyloidosis. Analysis of histology and staining reactions of

61

ORIGINAL RESEARCH

PATHOMORPHOLOGY

casein-induced amyloidosis in the rabbit. Am J Pathol. 1959; 35:
971–89. PMID: 13810917.
17. Elghetany MT, Saleem A. Methods for staining amyloid in
tissues: a review. Stain Technol. 1988; 63 (4): 201–12. DOI:
10.3109/10520298809107185.
18. Buchynska L, Kashuba E, Szekely L. Immunofluorescence
staining of paraffin sections: creating DAB staining like virtual
digital images using CMYK color conversion. Exp Oncol. 2008;

30 (4): 327–9. PMID: 19112433.
19. Mott RT, Hulette CM. Neuropathology of Alzheimer's disease.
Neuroimaging Clin N Am. 2005; 15: 755–65. DOI: 10.1016/j.
nic.2005.09.003.
20. Styren SD, Hamilton RL, Styren GC, Klunk WE. X-34, a
fluorescent derivative of Congo red: a novel histochemical stain
for Alzheimer's disease pathology. J Histochem Cytochem. 2000;
48 (9): 1223–32. DOI: 10.1177/002215540004800906.

Литература
1.

Picken MM. The pathology of amyloidosis in classification:
A review. Acta Haematol. 2020; 143 (4): 322–34. DOI:
10.1159/000506696.
2. Cuddy SAM, Falk RH. Amyloidosis as a systemic disease in
context. Can J Cardiol. 2020; 36 (3): 396–407. DOI: 10.1016/j.
cjca.2019.12.033.
3. DeTure MA, Dickson DW. The neuropathological diagnosis of
Alzheimer's disease. Mol Neurodegener. 2019; 14 (1): 32. DOI:
10.1186/s13024-019-0333-5.
4. Dickson DW. Neuropathology of Parkinson disease. Parkinsonism
Relat Disord. 2017; 46 (Suppl 1): S30–S33. DOI: 10.1016/j.
parkreldis.2017.07.033.
5. Dapson RW. Amyloid from a histochemical perspective. A review
of the structure, properties and types of amyloid, and a proposed
staining mechanism for Congo red staining. Biotech Histochem.
2018; 93 (8): 543–56. DOI: 10.1080/10520295.2018.1528385.
6. Yakupova EI, Bobyleva LG, Vikhlyantsev IM, Bobylev AG. Congo
Red and amyloids: history and relationship. Bioscience Reports.
2019; 39 (1): BSR20181415. DOI: 10.1042/BSR20181415.
7. De Carvalho HF, Taboga SR. The applicability of hematoxylin-eosin
staining plus fluorescence or confocal laser scanning microscopy
to the study of collagen fibers in cartilages. Coll R Acad Sci III.
1996; 319: 991–6. PMID: 9064122.
8. Hamid A, Safdar A, Maryam M, Amjad A, Azra J, Abid A. Eosin
fluorescence: A diagnostic tool for quantification of liver injury.
Photodiagnosis Photodyn Ther. 2017; 19: 37–44. DOI: 10.1016/j.
pdpdt.2017.03.016.
9. Jakubovsky J, Guller L, Cerna M et al. Fluorescence of hematoxylin
and eosin-stained histological sections of the human spleen. Acta
Histochem. 2002; 104 (4): 353–6. DOI: 10.1078/0065-1281-00684.
10. De Rossi A, Rocha LB., Rossi MA. Application of fluorescence
microscopy on hematoxylin and eosin-stained sections of healthy
and diseased teeth and supporting structures. J Oral Pathol Med.
2007; 36 (6): 377–81. DOI: 10.1111/j.1600-0714.2007.00542.x.
11. Pihlman K, Linder E. Fluorescence microscopical visualization

62

12.

13.
14.

15.
16.

17.
18.

19.
20.

of elastic fibres using basic fuchsin. Histochemistry. 1983; 79
(2):157–65. DOI: 10.1007/BF00489778.
Sapozhnikov SP, Karyshev PB, Sheptukhina AI, Nikolayeva OV,
Avruyskaya AA, Mitrasov YN, Kozlov VA. Novel fluorescent probes
for amyloid detection. СТМ. 2017; 9 (2): 91–8. DOI: 10.17691/
stm2017.9.2.11.
Biancalana M, Koide S. Molecular mechanism of Thioflavin-T
binding to amyloid fibrils. Biochim Biophys Acta. 2010; 1804 (7):
1405–12. DOI: 10.1016/j.bbapap.2010.04.001.
Sipe JD, Benson MD, Buxbaum JN., Ikeda S-I, Merlini G, Saraiva
MJM, Westermark P. Amyloid fibril proteins and amyloidosis:
chemical identification and clinical classification International
Society of Amyloidosis 2016 Nomenclature Guidelines. Amyloid.
2016; 23 (4): 209–13. DOI: 10.1080/13506129.2016.1257986.
Howie AJ, Mared P O-C. 'Apple-green birefringence' of amyloid
stained by Congo red. Kidney Int. 2012; 82 (1): 114. DOI:
10.1038/ki.2012.89.
Cohen AS, Calkins E, Levene CI. Studies on experimental
amyloidosis. Analysis of histology and staining reactions of
casein-induced amyloidosis in the rabbit. Am J Pathol. 1959; 35:
971–89. PMID: 13810917.
Elghetany MT, Saleem A. Methods for staining amyloid in
tissues: a review. Stain Technol. 1988; 63 (4): 201–12. DOI:
10.3109/10520298809107185.
Buchynska L, Kashuba E, Szekely L. Immunofluorescence
staining of paraffin sections: creating DAB staining like virtual
digital images using CMYK color conversion. Exp Oncol. 2008;
30 (4): 327–9. PMID: 19112433.
Mott RT, Hulette CM. Neuropathology of Alzheimer's disease.
Neuroimaging Clin N Am. 2005; 15: 755–65. DOI: 10.1016/j.
nic.2005.09.003.
Styren SD, Hamilton RL, Styren GC, Klunk WE. X-34, a
fluorescent derivative of Congo red: a novel histochemical stain
for Alzheimer's disease pathology. J Histochem Cytochem. 2000;
48 (9): 1223–32. DOI: 10.1177/002215540004800906.

BULLETIN OF RSMU | 4, 2021 | VESTNIKRGMU.RU

ORIGINAL RESEARCH

PSYCHOLOGY

HARDINESS AND PERSONAL RESOURCES OF RED ZONE STAFF: PSYCHOLOGICAL ANALYSIS
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In light of the ongoing COVID-19 pandemic, it is becoming increasingly important to address the problem of resourcefulness in the healthcare personnel of COVID-19
red zones. The aim of this study was to assess hardiness and the state of vital resources in physicians continuously working in red zones and to test a hypothesis
that that long-term work in a COVID-19 red zone adversely affects the resourcefulness, reducing resistance to stress. Group 1 (n = 94) consisted of physicians with
a history of employment in a COVID-19 red zone between May 2020 and June 2021; group 2 (n = 77) comprised physicians who were not involved in managing
COVID-19 patients. The tests showed that hardiness and its components (commitment, control and challenge) were at high levels in group 2 (59.7%; 67.5%;
61.0%; 20.9%, respectively). The index of resourcefulness (RI; 1.24) reflected the prevalence of personal gains over losses in group 1 over the past year. In this
group, there were no sex differences in the results. By contrast, hardiness was significantly reduced in 31.9% of the respondents in group 1 (red zone). Working
in the red zone had a devastating effect on all hardiness components: the ratio of the percentages of high to low values was 8.5/27.7 for commitment, 9/6/34.0
for control and 10.6/35.1 for challenge. RI was reduced (0.77). The most pronounced loss of resources was observed in female physicians. The study found a
significant mutual impact between challenge and the state of personality resources in red zone staff, which may indicate activation of proactive coping strategies
and the acceptance of new professional experience.
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ЖИЗНЕСТОЙКОСТЬ И ПЕРСОНАЛЬНЫЕ РЕСУРСЫ ВРАЧЕЙ «КРАСНЫХ ЗОН» КОВИД-ГОСПИТАЛЕЙ:
ПСИХОЛОГИЧЕСКИЙ АНАЛИЗ
Б. А. Ясько1,2

, Б. В. Казарин1, В. Н. Городин1, Н. А. Чугунова3, Л. В. Покуль3,4, Л. С. Скрипниченко2, В. В. Скоробогатов2
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4

Российский университет дружбы народов, Москва, Россия
В связи с продолжающейся пандемией COVID-19 особенно актуален вопрос о состоянии психологических ресурсов у врачей, продолжительно работающих
в условиях «красных зон». Целью работы было проанализировать специфику состояния жизнестойкости и персональных (витальных) ресурсов врачей,
продолжительно работающих в «красной зоне», и проверить гипотезу о том, что продолжительная профессиональная деятельность врачей в «красной
зоне» оказывает негативное влияние на систему экзистенциальных и витальных ресурсов, сокращая потенциал стрессоустйчивости личности. Группу 1
(n = 94) составили врачи, вовлеченные с мая 2020 г. по июнь 2021 г. в «красную зону» ковид-госпиталей; группу 2 (n = 77) — врачи, не участвовавшие в
клиническом процессе с ковидными пациентами. По результатам диагостики, врачи группы 2 характеризуются высоким уровнем жизнестойкости и ее
компонентов «Вовлеченность», «Контроль», «Принятие риска» (59,7%; 67,5%; 61,0%; 20,9% соответственно). В индексе ресурсности (ИР) (1,24) отражено
преобладание персональных приобретений над потерями за прошедший год. Отсутствуют различия по полу. У 31,9% врачей «красных зон» (группа 1)
значительно сократился потенциал жизнестойкости. Разрушительному воздействию подверглись все компоненты жизнестойкости: соотношение %-долей
высоких/низких значений следующее: «Вовлеченность» — 8,5/27,7; «Контроль» — 9,6/34,0; «Принятие риска» — 10,6/35,1. ИР снижен (0,77). Наиболее
выражено сокращение ресурсов у врачей женского пола. Установлено значимое взаимовлияние принятия риска и динамики персональных ресурсов у
врачей «красной зоны», что может указывать на активизацию проактивного совладания с опорой на принятие нового профессионального опыта.
Ключевые слова: пандемия, COVID-19, пандемическое сознание, психологическое здоровье, жизнестойкость, персональные ресурсы
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ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ

The coronavirus has been rampant for over a year now. In all
corners of the world, healthcare workers have been on the
frontline of the battle against COVID-19. The losses suffered in
the strenuous battle for patients’ lives and the gains from this
experience require detailed analysis.
The first steps in studying the impact of the COVID-19
pandemic on different demographic groups have been already
made. The emotional response to the COVID threat in the early
months of the pandemic was recognized by psychiatrists and
psychologists as a mental health crisis. Prompt measures were
expected of public health agencies to deliver psychological
support to those in need [1, 2]. Today, questionnaire survey
data collected during the first phase of the pandemic are being
actively studied by psychology researchers. Their main focus
is on coping strategies, risk factors of posttraumatic stress,
and changes in the individual and collective consciousness
provoked by the ongoing pandemic. An online survey
conducted after the 2020 spring to summer lockdown revealed
how proactive coping was implemented in different age groups
[3]. Drawing on the concept of proactive coping [4], a group
of researchers established that the most resourceful coping
strategy for young people in the pandemic circumstances,
given the low level of stress, was a search for information. At
older age, proactive strategies were more diverse, regardless
of the amount of stress, suggesting that older adults had a
more stable coping system. Another research team analyzed
psychological factors contributing to COVID-19-associated
posttraumatic stress among Chinese students living in China
and abroad. The analysis revealed that students who preferred
proactive coping strategies had less pronounced symptoms
of COVID-19-related posttraumatic stress disorder than those
who resorted to passive coping [5].
The sociopsychological context of the pandemic was
analyzed in a series of surveys conducted by the leading
Russian psychologists [6]. A divide in society and in the expert
community was exposed: there were confronting groups of
COVID dissidents and COVID rigorists, which indeed disrupted
the positive effect of containment measures. These findings are
consistent with the conclusion about the lack of commitment
to vaccination among different population groups. This creates
barriers to effective communication between the doctor and
the patient [7].
A review of the literature on the psychological impact of
the pandemic reveals a paucity of data on the resourcefulness
of healthcare personnel working in COVID hospitals. Here, the
methodology of the resource-based approach that relies on the
tenets of existential psychology and psychotherapy elaborated
by Frankl, Maddi and Hobfoll [8–15] can serve as a theoretical
and methodological basis for empirical research. Hardiness is
the most important concept in the context of resourcefulness;
it is defined as an attitude that helps a person to stay engaged
and avoid the devastating effects of stress [9, 16]. According
to Maddi, hardiness provides the courage to not deny stress
and to turn stress into an opportunity [16]. A few recent studies
demonstrated that high hardiness was a resource for patients
with cardiovascular disorders [17], insomnia [18] and depression
[19]. Within the scope of our interest are publications that
unlock the potential of hardiness in resisting occupational stress
in a clinical setting. For example, a study reports a negative
correlation between low hardiness and high burnout levels in
healthcare workers [20]. Another study demonstrates a link
between hardiness and the attitude to work among healthcare
professionals [21]. As an integral personality trait, hardiness
is determined by professional engagement, satisfaction from
work and is not significantly associated with age [22].
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Foreign publications also discuss hardiness in the context
of resistance to occupational stress. For example, hardiness is
a mediator between perceived stress and happiness in nurses
[23]. Resilience and well-being of hospice staff, their view of
themselves as socially engaged and mentally healthy individuals
are significantly correlated with high levels of hardiness [24].
A study conducted on a large sample size in China reports a
strong positive correlation between hardiness and physical and
mental health in hospital nurses [25].
Apart from the concept of hardiness as an existential
resource that confers resistance to stressors, the concept
of adaptive resources is also shared by many researchers
[26–28]. According to Hobfoll, humans can draw from a variety
of means to endure stress [26]. These resources can be
broken down in 3 categories, one of them being significance
for survival. Vital resources can be grouped into fundamental
(essential for survival), secondary, which bolster fundamental
resources (e.g., social support) and tertiary (social status, etc.)
This approach was used to build a theoretical base for the
psychological counseling of individuals facing a critical loss of
resources or obstacles for their adequate repletion [28].
Based on the heuristic concepts of hardiness and adaptive
resources and the concept of mental health formulated by
WHO [29], we defined the aim of this study: to assess hardiness
and the state of vital resources in red zone staff and to test
the hypothesis that long-term (one year long) work in a COVID
red zone adversely affects the resourcefulness of an individual,
reducing their resistance to stress.
METHODS
The study was conducted on a sample of physicians from
different healthcare institutions of Krasnodar and Krasnodar
region during the COVID-19 pandemic (May 2020 – June 2021).
Two groups were formed. The main group (group 1)
consisted of physicians who had been working in COVID-19
red zones during the specified period (n = 94); the control group
(group 2) comprised physicians who had not been involved
in managing COVID-19 patients (n = 77). In group 1, 60.0%
(n = 62) of the participants were women and 34.0%
(n = 32) were men; in group 2, women made up 66.2% (n = 51),
whereas men, 33.8% (n = 26).
The following inclusion criteria were applied: physicians
with a specialty in general medicine; age under 55 years; no life
crisis accompanied by emotional distress during the specified
period; a history of working in a COVID-19 red zone for group
1 and no such history for group 2.
Exclusion criteria: age above 55 years; a serious life crisis
between May 2020 and June 2021.
The methodological principles of subjective activity and
resourcefulness concepts [9, 10, 26, 27, 30] were used as a
theoretical and methodological basis of our empirical research.
Psychological assessment was conducted using surveys
based on the theoretical constructs of hardiness [9, 10] and
human resource psychology [26–28], including the Hardiness
test [31] and the Loss and Gain of Resources test [32].
The Hardiness test is a tool for assessing 3 components
that, according to the existential concept, make up hardiness:
commitment, control and challenge. Commitment is defined as
a conviction that involvement in life results in the highest chance
to find something worthy and meaningful [31]. The lack of such
conviction breeds a feeling of rejection, a sense of being an
outcast in life. The control component shows how confident a
person is in his/her ability to change the course of events. A low
control score indicates helplessness in a given circumstance.
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Table 1. Descriptive statistics for hardiness in the studies groups of red zone physicians
Level (abs./%)

М ± SD,
% relative to max

Groups

high

medium

low

Hardiness
Group 1 (n = 94)

57.0 ± 15.9*
42.2%

9/9.6%v

55/58.5%vv

30/31.9%vvv

Group 2 (n = 77)

81.6 ± 16.07*
60.5

46/59.7%v

27/35.1%vv

4/5.2%vvv

Group 1 (n = 94)

21.1 ± 6.84**
39.1%

8/8.5%u

60/63.8%uu

26/27.7%uuu

Group 2 (n = 77)

34.2 ± 7.39**
63.3%

52/67.5%u

19/24.7%uu

6/7.8%uuu

Commitment

Control
Group 1 (n = 94)

22.0 ± 5.58***
43.1%

9/9.6%z

53/56.4%zz

32/34.0zzz

Group 2 (n = 77)

31.5 ± 7.61***
61.9%

47/61.0%z

23/29.9%zz

7/9.1zzz

Challenge
Group 1 (n = 94)

13.9 ± 4.65****
46.4%

10/10.6%Δ

51/54.3%

33/35.1%

Group 2 (n = 77)

15.9 ± 5.25****
52.9%

16/20.85%Δ

42/54.5%

19/24.7%

Note: Student’s t test: * — t = 9.99; р < 0.001; ** — t = 11.9; р < 0.001; *** — t = 9.13; р < 0.001; **** — t = 2.57; р < 0.05. Fisher’s criterion: v — φ* = 7.39;
р ≤ 0.001; vv — φ* = 3.09; р ≤ 0.001; vvv — φ* = 4.81; р ≤ 0.001; u — φ* = 15.9; р ≤ 0.001; uu — φ* = 9.65; р ≤ 0.001; uuu — φ* = 6.47; р ≤ 0.001; z — φ* = 7.56;
р ≤ 0.001; zz — φ* = 3.53; р ≤ 0.001; zzz — φ* = 4.14; р ≤ 0.001; Δ — φ* = 1.84; р ≤ 0.033.

Challenge exposes a conviction that whatever happens to
a person, it promotes personal growth through knowledge
gained from experience and the practical application of this
knowledge [31]. The Hardiness test allows assessing the ability
and willingness to be active and flexible in a difficult life situation
and vulnerability to stress.
The respondents were offered to fill out a questionnaire
that contained 45 statements describing different aspects of
hardiness. The respondents reported their attitude to each
statement by choosing one of four available options (no,
more likely no than yes, more likely yes than no, yes). Each
answer was rated on the scale from 0 to 3. Since the number of
statements describing each hardiness component was different
(18 statements for commitment, 17 statements for control and
10 statements for challenge), we compared the total score to
the maximum possible total score and expressed the obtained
value in %.
The “Loss and Gain of Resources” test [32] was used to
analyze the interplay between vital resources during a certain
time period (which in our case was from May 2020 to June
2021). The tests consisted of 2 identical lists of 30 resources
(intrapersonal, social, material). The respondents rated their
emotional response to the gain or loss of a resource on the
list on a 5-point scale. The index of resourcefulness (RI) was
calculated for each participant as a ratio of the total gain score
to the total loss score. The authors of the test propose 3 levels
of resourcefulness: low (RI < 0.8), medium (RI from 0.8 to 1.2)
and high (RI >1.2) [32].
Statistical analysis was carried out in SPSS 26.0 (An IBM
Company; USA). Both parametric and nonparametric statistical
methods were applied (means, standard deviations, Student’s
t test, Pearson’s correlation coefficient r, and Fisher’s φ*).
The decision to use parametric statistics was based on the
results of Levene’s F test for the homogeneity of variance. The
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results of the F test for the entire sample and its subsamples
corresponded to the significance level < 95.0% (р > 0.05),
confirming the homogeneity of variance and justifying the use
of parametric statistics.
RESULTS
Hardiness in Covid red zone staff (Group 1)
Of 94 respondents, high hardiness was observed in only 9
persons (9.6%). More than half of the respondents working in
the red zone showed a medium level of hardiness (58.5%; n = 55);
one-third of the red zone physicians (31.9%; n = 30) had low
ability to tolerate stress and maintain inner balance (Table 1).
The average hardiness score in group 1 was 57 points
(SD = 15.9), i.e. at the borderline between medium and low values
(42.2%). The commitment score was the lowest (39.1% relative
to the maximum on this scale). Only 8.5% of the respondents
(n = 8) showed high levels of commitment. Eighty-six
respondents had low (27,7%; n = 26) or medium (67.8%;
n = 60) levels of commitment. Control and challenge scores in
this group were in the lower part of the medium values spectrum:
43.1% and 46.4%, respectively, relative to the maximum
possible scores on these scales. Eighty-five respondents
from group 1 scored low (34.0%; n = 32) or medium (56.4%;
n = 53) on the control scale. Only 9.6% of the physicians
(n = 9) demonstrated high levels of subjective control over the
course of events in the presence of occupational stress. High
challenge scores were observed in 10 respondents (10.6%).
Other 84 doctors in this group had low (35,1%; n = 33) or
medium (54.3%; n = 51) challenge scores reflecting their level
of willingness to grow from experience by taking risks.
There is a sex difference in hardiness among red zone
physicians (Table 2).
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Table 2. Descriptive statistics for hardiness among male and female participants in group 1
Hardiness
М ± SD

Men: 71.8 ± 12.10*

Women: 54.4 ± 15.5*
Levels

high (total; %)

medium (total; %)

low (total; %)

Men

4

6.5

35

56.5

23

37.1v

Women

5

15.6

20

62.5

7

21.9v

Commitment
М ± SD

Men: 23.8 ± 5.78**

Women: 19.7 ± 6.90**
Levels

high (total; %)

medium (total; %)

Men

5

15.6

Women

3

4.8

low (total; %)

22

68.8

5

15.6vv

38

61.3

21

33.9vv

Control
М ± SD

Men: 23.5 ± 5.8

Women: 21.2 ± 5.3
Levels

high (total; %)

medium (total; %)

low (total; %)

Men

4

12.5

21

65.6

7

21.9vvv

Women

5

8.1

32

51.6

25

40.3vvv

Challenge
М ± SD

Men: 14.7 ± 5.20

Women: 13.5 ± 4.33
Levels

high (total; %)

medium (total; %)

low (total; %)

Men

5

15.6

16

50

11

34.4

Women

5

8.1

35

56.4

22

35.5

Note: Student’s t test: * — t = 5.99; р < 0.001; ** — t = 3.1; p < 0.01. Fisher’s criterion: v — φ* = 1.54; p ≤ 0.06; vv — φ* = 2.0; p ≤ 0.02; vvv — φ* = 1.85; p ≤ 0.03.

Medium hardiness scores (М ± SD) were prevalent in the
male subsample (t = 5.99; р < 0.001), whereas the female
subsample was dominated by low hardiness scores (φ* = 1.54;
p ≤ 0.06). The level of commitment also differed between the
sexes (t = 3.1; р < 0.01). The female subsample was dominated
by low commitment (φ* = 2.0; р ≤ 0.03) and low control
(φ* = 1.85; р ≤ 0.02) scores.
Hardiness in physicians not involved in management of
COVID-19 patients (group 2)

In group 2, the average hardiness score was 81.6 points
(SD = 16.07), i.e. high (60.5% relative to the maximum hardiness
score; see Table 1).
On the whole, these findings were consistent with the
results of another study conducted in physicians [33]. In that
study, physicians with over 5 years of professional experience
scored an average of 70.4 points on hardiness, and their
commitment, control and challenge scores were 33.2, 24.1
and 13.08, respectively.
In our study, there was a significant difference in the level
of hardiness between the groups (t = 9.99; р < 0.001). Of 77
respondents in group 2, 59.7% (n = 46) demonstrated a higher
level of hardiness than those in group 1 (φ* = 7.39; р ≤ 0.001).
Reduced tolerance to stress, compromising inner balance and
preventing the person from succeeding in their activities, was
observed in only 5.2% of the respondents in group 2 (n = 4); the
difference in this parameter was significant between the groups
(φ* = 4.81; р ≤ 0.001). Medium hardiness was observed in
35.1% of the respondents (n = 27) in group 2, which was much
lower than in group 1 (φ* =3.09; р ≤ 0.001). In group 2, high
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tolerance to stress was detected in 59.7% of the respondents
(n = 46), which was a significantly higher value than in group 1
(φ* = 7.39; р ≤ 0.001).
Unlike red zone doctors, doctors from group 2
demonstrated significantly higher levels of commitment and
control (see Table 1). More than half of the respondents in
group 2 (67.5%; n = 52) reported being actively involved in their
daily activities. Low commitment was detected in only 7.8%
(n = 6) of the respondents in group 2. In comparison with group 1,
individuals with high commitment prevailed in group 2; group 1
was dominated by individuals with low commitment (φ* = 15.9
and φ* = 6.47, respectively; р ≤ 0.001).
The average control score (the ability to change the course
of events) in group 2 was quite high (М = 31.5 ± 7.61; 61.9%
from the maximum on this subscale) and significantly higher
than in group 1 (t = 9.13; р < 0.001). Only 7 respondents in
group 2 (9.1%) scored low on the control scale, and 61.0%
(n = 47) thought they were able to control events in their life and
make a difference. High control scores were prevalent in group
2 (φ* = 7.56; р ≤ 0.001), as compared to group 1, dominated
by low and medium control scores (φ* = 3.53 and φ* = 4.14,
respectively; р ≤ 0.001).
The average challenge score, i.e. a conviction that every event
in life can promote personal growth, was 15.9 points in group 2
(SD = 5.25), which was significantly higher than in group 1 (t = 2.57;
р < 0.05), although both parameters fell within the range of
medium values. High willingness to take risks was observed
in 20.8% of the participants in group 2 (n = 16), which again
was significantly higher than in group 1 (φ* = 1.84; р ≤ 0.033).
However, there were no significant differences in medium and
low challenge scores between the groups.
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Table 3. Descriptive statistics for hardiness among male and female participants in group 2
Hardiness
М ± SD

Men: 81.4 ± 17.10

Women: 81.7 ± 15.70
levels

high (total; %)

medium (total; %)

low (total; %)

Men

14

53.8

10

38.5

2

7.7

Women

32

62.7

17

33.4

2

3.9

Commitment
М ± SD

Men: 33.1 ± 8.29

Women: 34.7 ± 7.49
Levels

high (total; %)

medium (total; %)

low (total; %)

Men

16

61.5

7

26.9

3

11.6

Women

36

70.6

12

23.5

3

5.9

Control
М ± SD

Men: 31.0 ± 7.55

Women: 31.8 ± 7.70
Levels

high (total; %)

medium (total; %)

low (total; %)

Men

13

50

10

38.5

3

11.5

Women

34

66.7

13

25.5

4

7.8

Challenge
М ± SD

Men: 17.3 ± 5.42

Women: 15.2 ± 5.07
Levels

high (total; %)

medium (total; %)

low (total; %)

Men

7

26.9

13

50

6

23.1

Women

9

17.6

29

56.9

13

25.5

Interestingly, there were no sex difference in the analyzed
parameters among the male and female respondents in group
2 (Table 3).

Gain and loss of resources in physicians not involved in
management of COVID-19 patients (group 2)
The average RI in group 2 was high (1.24), indicating the
prevalence of personal gains over losses in the past year. The RI
was low for 26.0% of the respondents (n = 20). More than half
of the doctors in group 2 thought that they had increased their
resourcefulness in the past year (57.1%; n = 44). All studied
parameters differed significantly between the groups (Table 4).

Gain and loss of resources in red zone staff (group 1)
The average RI in group 1 was low (0.77), indicating the
prevalence of personal losses over gains in the past year (Table 4).
The RI was low for 53 respondents (56.4%) and medium in
32 (34.0%) respondents. Only 9 doctors (9.6%) scored slightly
higher on total gains than on total losses; this was largely due
to the maximum possible rates (4; 5) given to the following
statements: I feel needed; My achievements are recognized by
close others; I get support from colleagues.
Low RI was prevalent in the female subgroup vs. the male
subgroup (61.3% and 37.5%, respectively; φ* = 2.21; р ≤ 0.013).

Correlation analysis
Strong negative and positive correlations were established between
hardiness, its constituents and the loss and gain scores (Table 5).
Most of the detected correlations were characterized by
significant (0.05 < р < 0.1) negative or positive values of the

Table 4. Descriptive statistics for resource gains and losses in the compared groups
М ± SD

RI (abs./%)

Losses

Gains

RI

low

medium

high

107.1 ± 15.5*1

79.9 ± 23.1*2

0.77

53/56.4^1

32/34.0^2

9/9.6^3

Men

107.3 ± 16.2*3^

87.8 ± 22.53

0.82

15/46.91°

13/40.6Δ1

4/12.5Y1

Women

107.0 ± 15.3*4^

75.9 ± 22.51*5

0.71

38/61.31°v1

19/30.6Δ2

5/8.1Y2

88.4 ± 18.60*1

102.05 ± 23.04*2

1.24

20/26.0^1

13/16.9^2

44/57.1^3

Men

90.8 ± 18.7*3

98.9 ± 22.7

1.17

8/30.8

4/15.4Δ1

14/53.8Y1

Women

87.2 ± 18.0*4

103.7 ± 23.3*5

1.2

12/23.5v1

9/17.6Δ2

30/58.8Y2

Group 1

Group 2

Note: Student’s t test. losses: *1 — t = 7.03; р < 0.001; *3 — t = 3.56; p < 0.01; *4 — t = 6.22; p < 0.001; gains: *2 — t = 6.24; p < 0.001; *5 — t = 6.41; p < 0.001.
Fisher’s criterion. RI levels, low: 1° — φ* = 2,21, р ≤ 0.013; ^1 — φ* = 2.41, р ≤ 0.007; v1 — φ* = 4.16, р ≤ 0.001; medium: ^2 — φ* = 2.59, р ≤ 0.004; Δ1— φ* = 2.17,
р ≤ 0.015; Δ2 — φ* = 1.61. р ≤ 0.05; high: ^3 — φ* = 7.04, р ≤ 0.001; Y1 — φ* = 3.50, р ≤ 0.001; Y2 — φ* = 6.19, р ≤ 0.001.
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Table 5. The correlation matrix (r) for hardiness, its components and gain and loss scores on the self-assessment scale
Group 1

Group 2

Total (n = 94)

Total (n = 77)

losses

gains

losses

Commitment

–0.491

0.677

Commitment

–0.661

0.74

Control

–0.508

0.597

Control

–0.624

0.701

Challenge

–0.556

0.561

Challenge

–0.128*

0.238*

Hardiness

–0.551

0.663

Hardiness

–0.641

0.75

Women (n = 62)

gains

Women (n = 51)

Commitment

–0.501

0.623

Commitment

–0.608

0.72

Control

–0.484

0.54

Control

–0.577

0.717

Challenge

–0.453

0.498

Challenge

–0.069*

0.258*

–0.516

0.602

Hardiness

–0.573

0.752

Hardiness

Men (n = 32)

Men (n = 26)

Commitment

–0.561

0.646

Commitment

–0.74

0.777

Control

–0.583

0.646

Control

–0.711

0.666

Challenge

–0.733

0.65

Challenge

–0.295*

0.273*

Hardiness

-0.665

0.723

Hardiness

-0.766

0.757

Note: * — r is below the significance threshold (р > 0.05).

r-coefficient in both samples. The established correlations were
not sex-specific. Nevertheless, in group 2 the challenge score
and the loss and gain score were mutually influential. Unlike
group 1, in group 2 gains and losses were not associated
significantly with experience acquired over the past year and
the practical application of this experience. In general, in group
2 and male and female subgroups, the correlation coefficient
was below the critical threshold for the corresponding sample
size (р > 0.05).
DISCUSSION
Our findings indicate a negative psychological effect of longterm work in a COVID-19 red zone. All studied parameters were
significantly lower in red zone staff than in healthcare workers not
involved in the management of COVID-19 patients. Work overload
and daily emotional distress undermine the ability to endure
occupational stress and maintain inner balance (hardiness). This
is most clearly manifested in reduced commitment, the feeling
of being rejected or being an outsider to life, development of
a non-constructive pandemic consciousness, i.e. a growing
conviction that it is impossible to have control over one’s own life
or influence the course of events, and helplessness in difficult life
situations and in the presence of occupational stress.
Direct consequences of low hardiness include low RI, the
lack of personal resources, the prevalence of losses over gains,
and a pessimistic assessment of personal gains.
The analysis of data generated by group 1 shows that men
are slightly more successful in preserving their commitment than
women. This is also reflected in higher RI among males, which
falls within a domain of medium values (0.82 vs. 0.71 in women).
Group 2 was characterized by better hardiness potential
and stronger vital resources. Drawing on the literature data
[33], we conclude that the discovered characteristics of group
2 could be viewed as an element in the psychological profile of
Russian physicians that enriches the psychological model of a
medical doctor’s personality [34].
The established correlations suggest a systemic link
between existential and vital resources of a medical doctor. The
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role of challenge in the perception of resource gains and losses
by red zone staff, contrary to physicians not involved in the
management of COVID-19 patients, may indicate the ongoing
pursuit of meaning in the professional activity. The search
for meaning may reflect the activation of proactive coping
strategies (transformational coping, according to Maddi) in
an effort to maintain resistance to stress. These findings are
consistent with the literature [35].
High levels of resource losses reported by red zone physicians
may be attributed to the weakness of their existential resources,
whereas high levels of hardiness and its components among other
physicians are directly associated with their optimistic assessment
of resource dynamics, with gains prevailing over losses.
CONCLUSIONS
Modern psychology, including occupational medical psychology,
is confronted with the psychosocial consequences of the
COVID-19 pandemic that require thorough and prompt analysis.
Our study has confirmed the hypothesized negative impact of
long-term (one year long) work in a COVID-19 red zone on
the system of existential and vital resources, compromising
resistance to stress. The most pronounced manifestation of
this process is significant depletion of personality resources,
reduced hardiness (ability to endure stress), reduced adaptive
potential of being involved in and having control over one’s
own life. As these tendencies progress, they may result in the
existential vacuum, a personality crisis characterized by the
lack of meaning of one’s existence. This may breed noogenic
neurosis, i.e. disruption of psychological well-being, which
is the critical component of human health. Our findings may
be used to create a roadmap for psychological counselling
of healthcare workers during the ongoing pandemic. Such
counseling should focus on the activation of commitment as
a component of hardiness, finding the meaning in professional
activities, acknowledging the significance of professional
experience, repletion of vital resource, including rest, acquiring
basic knowledge of psychophysiological self-regulation and
stress reduction, and formation of proactive coping strategies.
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