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Introduction. Both increasing pop-
ulation density and intensification of the 
passenger mobility that brings together 
distant territories of Earth contribute to a 
high prevalence of acute respiratory viral 
infections and the emergence of danger-
ous epidemic situations associated with 
these infections [8, 9, 10].

The XXI century began with an ep-
idemic (November 1, 2002 – July 31, 
2003) caused by a coronavirus of Severe 
Acute Respiratory Syndrome (SARS-
CoV) (Coronaviridae, Betacoronavirus), 
which had lethality of 9,6 % (774 / 8096). 
The epidemic process began in the 
South-Eastern provinces of China after 
the penetration of SARS-CoV from the 
bats, which function as its natural res-
ervoir (Chiroptera: Microchiroptera) first 
in the population of intermediate hosts - 

Himalayan civets (Paguma larvata) and 
later in the human population [10,13,18]. 
In 2009, a pandemic (June 11, 2009–Au-
gust 10, 2010) of the so-called Swine 
Influenza A (H1N1) pdm09 began, which 
due to an application of modern vaccine 
technologies and the presence of etiotro-
pic chemotherapeutic drugs became the 
least devastating of all the influenza pan-
demics known since the beginning of the 
ХХ century [6, 9, 12]. In 2012, the Middle 
East Respiratory Syndrome Coronavirus 
(MERS-CoV) (Coronaviridae, Betacoro-
navirus) has showed its epidemic poten-
tial. Its natural foci associated with bats 
(Chiroptera) are located on the Arabian 
Peninsula, and its intermediate hosts are 
one-humped camels (Camelus drome-
darius). “Smoldering infection” of MERS-
CoV according to the World Health Orga-
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nization (WHO) at the beginning of 2020 
had the lethality of 34,4 % (866 / 2519), 
including imported cases of infection in 
27 countries around the globe. The larg-
est epidemic outbreak resulting from the 
import of MERS-CoV occurred in the Re-
public of Korea (May 11 - July 10, 2015) 
where lethality has reached the level of 
18,5 % (35 / 189) [11, 14].

The first patient with a new disease, 
named COVID-19 (Coronavirus Dis-
ease 2019), was officially registered 
in Wuhan, the administrative center of 
the Eastern Chinese province of Hubei 
on December 8, 2019. In early January 
2020, it was established that the etiolog-
ical agent of COVID-19 is a new Type 
2 Severe Acute Respiratory Syndrome 
Coronavirus (SARS-CoV-2)1 (Coronavi-
ridae, Betacoronavirus), which together 
with the previously described SARS-CoV 
and the Chinese rufous horseshoe bat 
coronavirus (RsBtCoV – Rhinolophus 
sinicus coronavirus) form subgenus 
Sarbecovirus. The natural reservoir of 
SARS-CoV-2 is bats [16]. Intermediate 
hosts have not yet been reliably estab-
lished but they appear to be pangolins 
(Pholidota) [17]. Currently, SARS-CoV-2, 
which has entered the human popula-
tion, is spreading from person to person 
by airborne ways.

March 11, 2020 World health organi-
zation has announced the beginning of 
the COVID-19 pandemic: for this date 
in all parts of the world, including im-
ported cases and related epidemic out-
breaks in 113 countries, the lethality 
for COVID-19 has reached a figure of 
3,6 % (4292 / 118319) [18].

The modern paradigm of mass differ-
ential diagnosis of acute respiratory dis-
eases is based on the indication of the 
pathogen using a polymerase chain reac-
tion [4, 7, 8, 9]. However, first, this does 
not preclude making a preliminary differ-
ential diagnosis based on clinical data. 
Second, differential clinical diagnosis 
comes to prominence during major epi-
demic outbreaks (especially in develop-
ing countries), which exceed the practi-
cal capabilities of laboratory diagnostics. 
This is the reason why diagnostic deci-
sion-making support systems are one of 
the most promising areas of digitalization 
in the medical practice.

The purpose of this work is to devel-
op a cloud service with an application of 
artificial intelligence methods to search 
for hypotheses about a possible differ-
ential diagnosis of patients with acute re-
spiratory disease with justification of the 
decisions made by the system, which is 
1The original temporary name of this virus was 
2019-nCoV (novel coronavirus).

followed by prescribing of recommenda-
tions of the possible options for clarifica-
tion of the diagnosis.

Materials and Methods. The medical 
diagnostics service is based on a soft-
ware shell that includes models of medi-
cal knowledge and data and an intelligent 
solver (decision-maker). This models of 
medical information include a terminolo-
gy model, a model of medical diagnosis, 
a model of medical history, and a mod-
el of explanation of hypoteses on deci-
sion [1, 2, 3, 5] (Fig. 1).

The terminology model is designed to 
describe all concepts used by doctors, 
called findings or observations or signs, 
which are necessary for making diag-
nosis. Such definitions include descrip-
tions of possible symptoms (complaints), 
methods of the physical examination of 
the patients, definitive and structural de-
scriptions of laboratory and instrumental 
studies. The model of medical diagnos-
tics describes the structure and cause-
and-effect relationships necessary to 
describe the clinical evidence of the dis-
eases in dynamics of the pathological 
process, as well as taking into account 
the impact of treatment measures, and 
other possible events. The medical his-
tory model describes the structure used 
in medical institutions to describe infor-
mation about a patient and includes a 
description of general data (sex and age 
of the patients, their complaints at admis-
sion, history of current disease, results of 
physical examination, etc.). The decision 
explanation model describes the struc-
ture where the intelligent solver gener-
ates a structured report using vocabulary 
of medical concepts. It not only contains 
information about the diseases either 
confirmed or rejected by the system, but 
also a detailed explanation of hypoteses 
on decision made specifying: what find-
ings of the disease are / are not included 
in the clinical evidence of  hypotheses 
about diseases, 
and if additional 
observations are 
needed for con-
firmation/rejec-
tion, the system 
tells the doctor 
what observa-
tions should be 
obtained addi-
tionally [1,2].

Results and 
D i s c u s s i o n . 
The cloud ser-
vice, consisting 
of such a soft-
ware shell and 
knowledge base, 

is implemented on the IACPaaS platform 
in the certified Data Center of the Far 
Eastern Branch of the Russian Academy 
of Sciences. IACPaaS simultaneous-
ly supports three cloud service models: 
Platform as a Service (PaaS), Software 
as a Service (SaaS), and Desktop as a 
Service (DaaS).

The medical diagnostic model has the 
following features: description of the sets 
of symptoms of the diseases, including 
categories of users and reference ranges 
for laboratory and instrumental studies; 
formation of alternative sets of symptoms 
with different approaches to identify man-
ifestations or diagnostic criteria of the 
disease that may differ across various 
medical institutions; description of the 
diagnosis taking into account etiology, 
pathogenesis, types of the course for the 
differential diagnosis of the diseases and 
selection of appropriate treatment meth-
ods; the ability to specify the measures of 
fuzziness of attributes such as modality, 
with the values “needed”, “typical”, “pos-
sible”, and a scale the probabilities of 
matching characteristics to a hypothesis 
about the diagnosis, which can be used if 
the experts have an agreement on what 
manifestations are appropriate to use 
when making decisions; consideration of 
values and characteristics of the signs, 
the effects of the events to account for 
external influences on the patient’s body 
at different stages of the disease; consid-
eration of different variations of dynamics 
of symptom values.

Formation of a knowledge base for 
the diagnosis of diseases is carried out 
by clinicians. For this purpose, the plat-
form has a medical knowledge base 
editor with an intuitive interface (Fig. 2) 
developed on its basis. More specifical-
ly, the symptoms of viral infections were 
selected according to [8, 9, 10]. Data for 
the new COVID-19 disease are taken 
from [4, 15]. About 26 disease markers 

Fig. 1. Cloud service architecture for differential clinical diagnostics of 
acute respiratory viral diseases with an application of artificial intelli-
gence methods.
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were used to describe the manifestations 
of acute respiratory viral infections. The 
periods of manifestations of these stages 
and clarification of the features of each 
symptom are identified, which allows in 
particular to differentiate SARS, MERS, 
and COVID-19 from other infections of 
the respiratory tract of viral etiology. At 
the same time, for these particularly dan-
gerous coronaviruses, it was possible 
to identify a set of markers of an early 
stage, the peak of the disease, a light 
(erased) course, a medium-severe form, 
and a severe complication in the form of 
primary viral pneumonia. To confirm the 
development of pneumonia, the following 
markers should be detected by Х-rays: 
shadows in the lungs, unilateral and bi-
lateral dense infiltrates, areas of necrotic 
changes, growth of connective tissue, fi-
brous scars, etc.

Using data that characterize several 
stages of disease development, the diag-
nostic service checks the facts from the 
patient’s medical history, comparing them 
with all variations of the clinical manifes-
tations. The results of the verification 
process may indicate confirmation of the 
hypothesis about the disease or indicate 
all the diseases that this patient might 
theoretically have.

Conclusion. The cloud service that 
was developed allows users to accumu-
late data on the clinical manifestations 
of acute respiratory viral infections (in-
cluding those associated with particularly 
dangerous coronaviruses MERS-CoV, 
SARS-CoV, and SARS-CoV-2) and to 
use artificial intelligence methods to gen-
erate solutions that can significantly fa-
cilitate and speed up the establishment 
of preliminary diagnosis. In this case, the 
service can be used globally since both 
the information collection unit and the de-
cision-making rules can be adjusted with 
consideration of specific national stan-
dards.

The research was carried out with 
partial financial support from the Russian 
Foundation for Basic Research (Projects 
18-29-03131 and 19-29-01077), and The 
Program of the Priority Research Projects 
for the Comprehensive Development of 
the Far Eastern Branch of the Russian 
Academy of Sciences (Project 18-5-060).

1.	 Грибова В.В., Окунь Д.Б., Краснов Д.А.  
Онтология базы знаний о лечении забо-
леваний. Системный анализ в медицине 
(САМ 2017): мат-лы XI междунар. научн. 
конф. Благовещенск: Амурская медицинская 
академия. 2017: 60-63. [Gribova VV, Okun DB, 
Krasnov DA. Knowledge base ontology for dis-
ease treatment. System analysis in medicine 
(SAM 2017). Materials of the XI international sci-
entific conference. Blagoveshchensk: Amur Med-
ical Academy. 2017: 60-63. (In Russ.).]

2.	 Грибова В.В. Петряева М.В., Окунь Д.Б., 
Шалфеева Е.А. Онтология медицинской диа-
гностики для интеллектуальных систем под-
держки принятия решений. Онтология про-
ектирования. 2018; 8(1): 58-73. [Gribova VV, 
Petryaeva MV, Okun DB, Shalfeeva EA. Medical 
Diagnosis Ontology For Intelligent Decision Sup-
port Systems. Ontology of Disigning. 2018; 8(1): 
58-73. (In Russ.).] DOI: 10.18287/2223-9537-
2018-8-1-58-73.

3.	 Грибова В.В., Клещев А.С., Москален-
ко Ф.М., Тимченко В.А., Шалфеева Е.А., Фе-
дорищев Л.А. Методы и средства разработки 
жизнеспособных облачных сервисов. Вестник 
Дальневосточного отделения Российской 
академии наук. 2016; 4: 133-141. [Gribova VV, 
Kleschev AS, Moskalenko PhM, Timchenko VA, 
Shalfeeva EA, Fedorischev LA. Methods and 
tools of viable intelligent services development. 
Vestnik of Far Eastern Branch of Russian Acad-
emy of Sciences. 2016; 4: 133-141. (In Russ.).]

4.	 Министерство здравоохранения Россий-
ской Федерации. Профилактика, диагностика 
и лечение новой коронавирусной инфекции 
(2019-nCoV). Временные методические ре-
комендации (версия от 03.02.2020). М., 2020. 
[Ministry of Public Health of the Russian Federa-
tion. Prevention, diagnosis and treatment of novel 
coronavirus infection (2019-nCoV). Temporary 
guidelines (version from 03.02.2020). Moscow, 
2020. (In Russ.).]

5.	 Грибова В.В., Клещев А.С., Москален-
ко Ф.М., Тимченко В.А., Федорищев Л.А., Шал-

феева Е.А. Облачная платформа 
IACPaaS для разработки оболо-
чек интеллектуальных сервисов: 
состояние и перспективы разви-
тия. Программные продукты и 
системы. 2018; 3: 527-536. [Gri-
bova VV, Kleschev AS, Moskalen-
ko PhM, Timchenko VA,  Fedo-
rischev LA, Shalfeeva EA. IACPaaS 
cloud platform for the development 
of intelligent service shells: current 
state  and future evolution. Soft-
ware & Systems. 2018; 3: 527-536.  
(In Russ.).] DOI: 10.15827/0236-
235X.031.3.527-536.

6.	 Колобухина Л.В., Мерку-
лова Л.Н., Щелканов М.Ю., [и др.] 
Пандемический грипп в России: 
отличительные особенности кли-
нического течения и отсутствие 
ранней этиотропной терапии как 

фактор риска развития тяжёлых форм за-
болевания. Терапевтический архив. 2011; 
83(9): 48-53. [Kolobukhina LV, Merkulova LN, 
Schelkanov MYu, [et al.]. Pandemic influenza in 
Russia: specific features of clinical course and the 
absence of early etiotropic therapy as a risk factor 
of severe forms of the disease. Ter. Arkh. – 2011; 
83(9): 48-53. (In Russ.).]

7.	Львов Д.К., Альховский С.В., Щелка-
нов М.Ю., [et al.]. Применение современных 
молекулярно-генетических технологий для 
обеспечения биологической безопасности. 
Вестник Российской военно-медицинской 
академии. 2014; 3: 115-127. [Lvov DK, Alk-
hovsky SV, Schelkanov MYu, [et al.] Application 
of modern molecular-biological techniques for 
provision of biological safety. Vestnik Rossiiskoi 
voenno-medicinskoi academii. 2014; 3: 115-127. 
(In Russ.).]

8.	Пульмонология. Национальное руковод-
ство / Под ред. А.Г. Чучалина. М.: ГЭОТАР-
Медиа, 2016. [Pulmonology. National guidance 
/ Ed. A.G. Chuchalin.  Moscow: GEOTAR-Media, 
2016. (In Russ.).]

9.	Руководство по вирусологии. Вирусы 
и вирусные инфекции человека и животных 
/ Под ред. Д.К. Львова. М.: МИА, 2013. [Hand-
book of Virology. Viruses and viral infections 
of humans and animals / Ed. D.K. Lvov. Mos-
cow: Med. Inf. Agency, 2013.  (In Russ.).]

10.	 Чучалин А.Г. Тяжёлый острый ре-
спираторный синдром. Терапевтический ар-
хив. 2004;  76(3): 5-11. [Chuchalin AG. Severe 
acute respiratory syndrome. Ter. Arch. 2004;  
76(3): 5-11. (In Russ.)]

11.	 Щелканов М.Ю., Ананьев В.Ю., Куз-
нецов В.В., Шуматов В.Б. Ближневосточный 
респираторный синдром: когда вспыхнет 
тлеющий очаг ? Тихоокеанский медицинский 
журнал. 2015; 2: 94-98. [Shchelkanov MYu. 
Ananiev VYu, Kuznetsov VV, Shumatov VB. Mid-
dle East respiratory syndrome: when will smoul-
dering focus outbreak ? Pacific Medical Journal. 
2015; 2: 94-98.  (In Russ.).]

12.	 Щелканов М.Ю., Колобухина Л.В., 
Львов Д.К. Грипп: история, клиника, патогенез. 
Лечащий врач. 2011; 10: 33-38. [Shchelkan-
ov MYu, Kolobukhina LV, Lvov DK. Influenza: his-
tory, clinics, pathogenesis. The Practitioner. 2011; 
10: 33-38. (In Russ.).] URL: https://www.lvrach.
ru/2011/10/15435275/

13.	 Щелканов М.Ю., Колобухина Л.В., 
Львов Д.К. Коронавирусы человека (Nidovirales, 
Coronaviridae): возросший уровень эпидемиче-
ской опасности.  Лечащий врач. 2013; 10: 49-
54. [Shchelkanov MYu, Kolobukhina LV, Lvov DK. 
Human coronaviruses (Nidovirales, Coronavi-
ridae): increased level of epidemic threat. The 
Practitioner. 2013; 10: 49-54. (In Russ.).]. URL: 
http://www.lvrach.ru/2013/10/15435832/

14.	 Щелканов М.Ю., Ананьев В.Ю., Куз-
нецов В.В., Шуматов В.Б. Эпидемическая 
вспышка Ближневосточного респираторно-
го синдрома в Республике Корея (май-июль 
2015 г.): причины, динамика, выводы. Тихоо-
кеанский медицинский журнал. 2015; 3: 25-29. 
[Shchelkanov MYu, Ananiev VYu, Kuznetsov VV, 
Shumatov VB. Epidemic outbreak of Middle East 
respiratory syndrome in the Republic of Korea 
(May-July, 20015): reasons, dynamics, conclu-
sions. Pacific Medical Journal. 2015; 3: 25-29. 
(In Russ.).]

15.	 Chinese National Committee on Public 
Health and Traditional Chinese Medicine. Pro-
gram for the diagnosis and treatment of pneumo-
nia associated with a new coronavirus infection. 
4-th edition. Bejing, 2020. (In Chinese)

16.	 Lu R, Zhao X,  Li J, Niu P, Yang B, Wu H, 
Wang W, [et al.] Genomic characterisation and 

References

Fig. 2. Fragment of a symptom description in the medical 
knowledge database editor.



2’ 2020 47

epidemiology of 2019 novel coronavirus: im-
plications for virus origins and receptor bind-
ing. The Lancet. 2020; 395(10224): 565-574. 
DOI: 10.1016/S0140-6736(20)30251-8.

17.	 Liu P, Chen W, Chen JP.  Viral Metage-

nomics Revealed Sendai Virus and Coronavirus 
Infection of Malayan Pangolins (Manis javani-
ca). Viruses. 2019; 11(11): E979. DOI: 10.3390/
v11110979.

18. World Health Organization. Coronavi-

rus disease 2019 (COVID-19). Situation Re-
port-40 (29 February 2020). URL: https://www.
who.int/docs/default-source/coronaviruse/situa-
tion-reports/20200229-sitrep-40-covid-19.pdf?s-
fvrsn=849d0665_2 (accessed 06.03.2020).

MICROBIOLOGICAL CHARACTERISTICS
OF STREPTOCOCCUS PNEUMONIAE 
STRAINS ISOLATED IN YAKUTSK

Pneumococcus and pneumococcal infections are still among actively discussed problems, 
while there is a lack of information about the population structure in the North-East of Russia.

Objective: the identification of microbiological and molecular genetic characteristics of S. 
pneumoniae strains found during nasopharyngeal carriage in Yakutsk.

Materials and methods: we studied S. pneumoniae isolates, obtained from the discharges of 
nasopharynx in 69 patients from the age of 6 months to 85 years living in Yakutsk and undergoing 
a survey for acute and chronic diseases of the ENT organs (rhinitis, sinusitis, otitis), repeated 
acute respiratory viral infections and nasopharyngitis. Identification of the isolated cultures was 
performed using the time-of-flight mass spectrometry method on a Vitek MS analyzer. For un-
certain results, we used test systems to detect S. pneumoniae DNA on PCR-RV. Identification of 
sensitivity to antimicrobial agents was determined by the disk diffusion method with an interpre-
tation according to the EUCAST recommendations and the Clinical recommendations for deter-
mining the sensitivity of microorganisms to antimicrobial agents (version 2018-03). The microbi-
ological analyzer Vitek II Compact was used to specify the phenotype of sensitivity / resistance.

Confirmation of species identification was carried out by amplification of the autolysin gene 
(lytA). Identification of serological types of the isolated S. pneumoniae strains was carried out 
using multiplex PCR. We were determining presence of genetic determinants of resistance to 
macrolide antibiotics erm, mef and msr as well as genes associated with the pathogenicity island 
PPI1 (per, npIT, FtsW).

Results: more than 80% of S. pneumoniae strains circulating among the population of Ya-
kutsk are represented by serotypes 6A and 19F. In 50% of pneumococci 6A and 100% of sero-
type 19F pneumococci were detected all 3 genes associated with the pathogenicity island PPI1. 
Macrolide resistance was observed in all isolates of serotype 6A, while 80% of serotype 6A and 
100% of serotype 19F showed the ermB resistance gene (MLSB phenotype) and 20% of sero-
type 6A pneumococci had the mef gene (M phenotype).

Conclusions: obtained data indicate the prevalence of virulent antibiotic resistant strains of 
S. pneumoniae among the population of Yakutsk and dictate the need for further epidemiological 
and microbiological studies of this problem.

Keywords: pneumococcus, nasopharyngeal carriage, virulence, resistance.

Introduction. Despite the insertion of 
mass vaccination, pneumococcus (Strep-
tococcus pneumoniae) is one of the main 
causative agents of acute bacterial infec-
tions in children, especially under the age 
of 5 years [2-4].

The high incidence of pneumococcal 
infections is combined with a steady in-
crease of the pneumococcus resistance 
to the antibacterial drugs that are most 
widely used in clinical practice. β-lactams 
and macrolides are the drugs of choice 
in the treatment of pneumococcal infec-
tions, therefore, the increase in S. pneu-
moniae resistance to these antibiotics be-
comes a significant clinical problem [4].

The resistance of S. pneumoniae to 
penicillin and other β-lactam antibiotics is 
due to a change in penicillin binding pro-
teins (PBPs), enzymes that participate in 

the final stages of cell wall synthesis [13].
The resistance to macrolides is me-

diated by two main mechanisms, which 
include changes in the binding target and 
antibiotic efflux from a bacterial cell. The 
first mechanism is due to the modification 
of the macrolide binding site with 23S-rR-
NA as a result of its methylation, which 
disrupts the interaction of the antibiotic 
with the target. The methylation is carried 
out by the methylase enzyme, which is 
encoded by the erm gene (erythromycin 
ribosome methylation) and causes a high 
level of resistance to macrolides. About 
20 varieties of erm are described, how-
ever, the ermB variant plays the great-
est role in the formation of resistance in 
pneumococcus. Most pneumococci with 
ermB demonstrate cross-resistance to 
all macrolides, as well as to lincosamides 
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