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EMERGENCE OF NEW INFECTIONS IN THE 215T CENTURY AND
IDENTIFICATION OF PATHOGENS USING NEXT GENERATION SEQUENCING

Makarov VW=, Khromov AV?, Guschin VA'3, Tkachuk AP?

" Department of Physical Measurement Methods, A. N. Belozersky Institute of Physico-Chemical Biology,
Lomonosov Moscow State University, Moscow, Russia
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Lomonosov Moscow State University, Moscow, Russia

S Translational Biomedicine Laboratory,
N. F. Gamaleya Federal Research Centre for Epidemiology and Microbiology, Moscow, Russia

Each new emerging infection may become a big challenge to the medical community. Changing environment, tropical
deforestation, melting of the Antarctic ice, growing population density and uncontrolled use of antibiotics provoke emergence
and evolution of pathogens. Epidemics caused by new strains of the influenza virus, respiratory syndromes associated with
coronaviruses, outbreaks of hemolytic Escherichia coli infections and antibiotic-resistant superbacteria are hazards to humans.
Among high-priority measures for pathogen control that are yet to be taken is development of fast and accurate techniques for
pathogen identification. Our review looks at the cases of new infections registered in the 215t century and explores feasibility of
next generation sequencing for the detection and identification of new pathogens.

Keywords: infectious agents, pathogens, techniques for identification of new pathogens, next generation sequencing,
coronavirus, influenza virus, horizontal gene transfer, resistance to antibiotics
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BO3HMKHOBEHUE HOBbIX MH®EKLWN B XXI BEKE U CNOCOEbI
X NOEHTUPUKALIN C NCMNOJIbSOBAHUEM
BbICOKOMNPON3BOAUTENIbHOIO CEKBEHUPOBAHWSA (NGS)

B. B. Makapos™, A. B. Xpomor?, B. A. T'ywmH'3, A. . Tkadyk®

1O1Aen dusndecknx metonos namepenuns, H dusnko-xmummdeckon Guonornm nvenn A. H. Benosepckoro,
MOCKOBCKWIA FOCYAaPCTBEHHbIN YHMBEPCUTET UMeHn M. B. JTomoHocoBsa, Mocksa

2 PaKynsTeT BUOMHMOPMATUKI 1 BUOVHXXEHEPIN,
MOCKOBCKUI FOCYAaPCTBEHHDBIN YHMBEpCUTeT nMenHn M. B. JTomoHocosa, Mocksa

3 [labopatopusi TPaHCSALMOHHON 61oMeavLmMHbI,
DdepepanbHbI HayHHO-MCCNeaoBaTeNbCKUA LIEHTP anaeMMonorin 1 MMKpobronoriv nmenn H. ®. famanen, Mockea

Kakgoe HoBOe MH(EKUMOHHOE 3ab0neBaHNE MOXKET OblTb CEPbE3HbLIM BbI3OBOM [AJ151 COBPEMEHHOM MeauUMHbl. 3meHe-
HME OKpY»KaroLLen Cpefpl, Bbipybka TPOMMHYECKNX NECOB, TasiHME NbAOB B AHTAPKTUKE, YBENNYEHUE MNOTHOCTM HaceneHns
N MOBCEMECTHOE WCMONb30BaHME aHTUOMOTMKOB — BCE 3TO (haKTopbl, MPOBOLMPYHOLIME MOSIBEHNE HOBbIX MAaTOrEHOB.
SnmaeMnn rpynna, Bbi3blBaeMble HOBbIMU LUTaMMaMX BUPYCa; PECTMPAaTOPHbIE CUHOPOMbI, Bbi3bIBAEMbIE HOBbLIMM KOPO-
HaBMpycamu; BCTIbILLKA NUHAEKLMNA, MPUHUHON KOTOPbLIX SABMSETCA MEMOSIMTUHECKAA KULLEYHAsd Masloyka; BO3HUKHOBEHME
PE3UCTEHTHBIX K aHTMOUOTMKaM CynepbakTepuin — MpUMeEpPbl TOrO, Kakie OMacHOCTU MOMYT MOMKMAATb YenoBEeYECTBO.
B uncno nepsooyepenHbIX Mep, KOTOpblE HEOOXOOVMMO MPEAnPUHATL AN MPOTUBOAENCTBUS HOBbIM MaToreHam, BXoauT paga-
paboTka CrnocoboB X BbICTPOW M TOYHOM MaeHTUdMKaumM. B 0630pe pacCMOTPEHDBI CrydYanm BOSHUKHOBEHUST B XXI Beke
HOBbIX MH(EKLIMOHHBIX areHTOB, a TakXKe NMpoaHanM3npoBaHbl BO3MOXXHOCTb M MEPCMNEKTVBLI UCMONb30BaHNA J15 BbIABIEHNA
N MaeHTUdVKaUMN HOBbIX MAaTOreHOB METOAOB BbICOKOMPOU3BOAUTENBHOMO CEKBEHNPOBaHWUS (next generation sequence).

KniouyeBble cnosa: I/IHCbeKLLI/IOHHbIe areHTbl, MaToreHHble OpPraH3mMbl, METOAbI BbIABNEHVA HOBbIX NMaTtoOreHoB, BbICOKOMPOn3-
BOOUTENIbHOE CEKBEHMPOBaHME, KOPOHaBNPYC, BUPYC rpunna, FOpI/IBOHTaﬂbeIVI NMepeHOoC reHos, aHTI/I6I/IOTI/IKOpe3I/ICTeHTHOCTb

®duHaHcupoBaHue: pabdoTa nogaepxaHa Poccuitckim oHaoM hyHaaMeHTabHbIX UccnefoBaHuin, rpaHT Ne 15-54-04004.
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Outbreaks of infectious diseases are a continuous threat to
global health. A lot of effort is being put into the identification
and study of new pathogens, among which are Middle East
respiratory syndrome coronavirus, Zaire ebolavirus, and South
American Zika virus. The table below lists factors that contribute
to the emergence of new pathogens. However, a considerable
proportion of epidemics are caused by known pathogens, such
as poliovirus, influenza virus, or vibrio cholerae.

Risk factors contributing to the emergence of new diseases

Pathogen-associated factors

Accumulation of mutations in the genome
Horizontal gene transfer
Multipathogen infections

Changing antigenic determinants

Host-associated factors

Susceptibility to infections

Global transport networks

Increasing population density
Religious rituals and national traditions

Bioterrorism

Environment-associated factors

Changing environmental profile
Industrial development
Climate changes

Errors in healthcare

Animal epidemics

Wars and famine

Most outbreaks are caused by purely environmental factors,
such as climate-related or geographical. However, human
impact on the environment may also be a contributing factor.
For example, some zoonotic diseases find their way into human
communities because a natural habitat of their hosts has been
destroyed. Aggravated by deforestation of mountain slopes,
flooding causes outbreaks of cholera and other infectious
diseases in populated areas. Some “anthropogenic” epidemics
are directly linked to purposeful manipulations of pathogens.
Modified in a lab, bioagents may be infectious or capable of
acquiring virulence genes horizontally and therefore pose
a serious biological threat. Mechanisms of new pathogens
emergence are shown on Fig. 1.

Unfortunately, there are no thoroughly elaborated algorithms
and ready commercial solutions to identify previously unknown
pathogens. Techniques used to study their properties will vary
in each individual case. The following review provides a detailed
description of cases of emerging infectious agents of the
21st century and prompts a discussion about a possibility of
elaborating a universal approach to pathogen detection using
novel sequencing technologies.

New pathogens of the 21st century: examples and
mechanisms of emergence

New coronaviruses
The 215t century has already seen the emergence of at least

9 new pathogens (Fig. 2). In 2002 the global healthcare was
challenged by a previously unknown atypical pneumonia agent

that came from China. In November 2002 a farmer died in the
city of Foshan (Guangdong Province). Although the cause of
death was inconclusive, it was clear that the patient had been
afflicted with an unknown dangerous disease. On November
27, 2002 the Global Public Health Inteligence Network, a
warning system developed by Health Canada in collaboration
with the World Health Organization (WHO), picked up reports of
an infection outbreak in China. Following a short investigation,
WHO requested further information from China’s authorities.
However, it was only after the epidemic crossed Chinese
borders that details became available to the public. In February
2003 an American businessman died in Hanoi hospital
after contracting pneumonia in China. The rate of disease
progression was shocking. By March 15, the term “severe
acute respiratory syndrome” (SARS) had been coined [1-3]; by
March 27, its causative agent had been identified as a new
coronavirus referred to as SARS-CoV [4-6]. From November
2002 to July 2003, a total of 8 098 patients in 25 countries
contracted SARS; 774 patients died. In some populations
[7] and age groups [8] mortality was as high as 40-55 %.
Further scattered outbreaks of the infection were reported late
in 2003 and early in 2004 in Singapore, Taiwan, Beijing and
Guangzhou. All of them were linked to the cases of laboratory
contamination and virus transmission from animals to humans
[9], after the ban was lifted to sell palm civets in wet markets
and serve palm civet dishes in restaurants imposed during the
atypical pneumonia outbreak [10].

No effective antiviral agents were available at the time of the
SARS outbreak [11], so basically, the treatment plan included
supportive care and antibiotics to fight a secondary bacterial
infection [12]. But due to the unprecedented international
response, the outbreak was successfully contained [13].
Among the measures taken were contact tracing and isolation
of people with suspected or confirmed SARS [14]. At present,
SARS-CoV no longer circulates in the human population;
however, a chance of a new epidemic remains as there are
natural reservoirs of SARS ancestors, such as bats or other
mammals [15].

Challenging as it was, researchers managed to identify the
virus. Clinical specimens collected from patients with SARS
were studied using cell cultures and molecular techniques. The
virus was isolated in cell culture and then its 300-nucleotide-
long RNA was detected by “random” polymerase chain reaction
(PCR). Genetic characteristics of the virus revealed a very
distant kinship to known coronaviruses (50 to 60 % similarity
of nucleotide sequences). Based on the identified sequences,
high sensitivity PCR- and real-time PCR-based assays were
designed for virus detection. The virus was found in the clinical
specimens of patients with SARS while the control samples
came out negative. The sputum of infected patients was also
found to contain high concentrations of viral RNA (up to 100
million molecules per 1 mL). Very low RNA concentrations
were detected in blood plasma of infected patients in the acute
phase of the disease and in their excrements by the end of
treatment [4]. In spite of the fact that SARS outbreak was
contained, SARS-CoV was not the only pathogen to threaten
humans in the 215t century.

In 2003 a 7-month old baby presented to a hospital with
obstructive bronchitis and conjunctivitis. A few tests were run
to establish the presence of respiratory viruses, but all of them
came out negative. A group of researchers headed by Lia van
der Hoek proposed a modified technique for virus discovery
based on cDNA-amplified fragment length polymorphisms
(Virus-Discovery-cDNA-AFLP, VIDISCA). This method employs
reverse transcription PCR (RT-PCR) with subsequent partial
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(A)

Rapid accumulation of mutations in the
genome of coronoviruses

Horizontal gene transfer (Enterohemorrhagic Escherichia coli,
bacteria with multidrug resistance)

Adaptation to the new host (human bocavirus, human
metapneumovirus) and reassortment (influenza virus)

Recombination and reassortment (influenza virus)

Evolution of gene functions by human-induced selection
pressure (bacteria resistant to “last-resort” antibiotics)

Fig. 1. Genetic mechanisms of emergence of new pathogens among viruses (A) and bacteria (B)

cDNA digestion by frequently cutting restriction enzymes.
The assay results revealed a certain similarity of the
discovered sequences to the sequences of the already known
coronaviruses; however the difference between them was still
sufficient to classify the studied coronavirus as new. Later, the
virus was termed “human coronavirus NL63” [16].

In January 2004, a 71-year old patient from China
presented to a hospital with pneumonia. Attempts to replicate
the virus in cell cultures, RT-PCR and direct antigen tests of
nasopharyngeal aspirates showed the absence of known
respiratory viruses in the patient. RT-PCR performed to target
a conserved region of the coronavirus polymerase gene
confirmed the presence of a coronavirus but attempts to culture
it failed. Partial sequencing of the viral genome showed that its
sequence was highly homologous to the sequences of other
BCoV viruses including HCoV-OC43, but had a different origin.
This human coronavirus referred to as HCoV-HKU1 was later
isolated from the aspirate of another female patient [17]. Shortly
thereafter, the virus was cultured in human ciliated respiratory
epithelial cells, but on the whole its replication in cell culture still
remains a difficult task. Since its discovery, HCoV-HKU1 has
been proved to occur worldwide, and the retrospective analysis
of stored nasopharyngeal swabs confirms that it can be traced
back at least to 1995 [18].

In June 2012 the world became aware of the existence of
a new strain of a human coronavirus. A 60-year old patient
was suffering from a severe respiratory infection at Dr. Soliman
Fakeeh Hospital in Jeddah, Saudi Arabia. Standard tests could
not identify the pathogen. Patient’s sputum samples were sent
to Rotterdam (Netherlands) where the virus was identified as a
new coronavirus and termed HCoV-EMC (human coronavirus
from Erasmus Medical College). The patient died later from
acute pneumonia followed by kidney failure [19]. Since the
discovery of the pathogen, a few of its isolates have been
reported in the literature, various databases or mass media
under different names. To study the virus, a research group was
formed consisting of virologists whose major interest was in
coronaviruses. To avoid confusion, the virus was given another
name: the Middle East Respiratory Syndrome Coronavirus
(MERS-CoR), which was approved by its discoverers, WHO
and Ministry of Health of Saudi Arabia [19].
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From June 2012 to February 7, 2014 there were 182
cases of MERS registered, of which 79 were lethal. According
to WHO, by June 11 2014 there had been 699 laboratory
confirmed cases; 209 people died [20]. Statistical reports
reveal a 3-fold increase in disease prevalence over 4 months
meaning that the epidemic is still raging. Mortality rates of
up to 30 % are especially high in patients with comorbidities;
patients with immunodeficiency or other primary diseases are
also susceptible to the infection [21, 22]. There is also a serious
risk of nosocomial transmission [23].

Clinical manifestations of MERS are similar to those of the
acute viral respiratory infection and include such common
respiratory symptoms as cough, fever and gastrointestinal
dysfunction [24] before the onset of pneumonia [21]. Patients
with MERS also tend to develop acute respiratory syndrome
(ARS), renal failure, pericarditis and disseminated intravascular
coagulation [24]. A risk of a pandemic is low since the virus
is unlikely to effectively transmit between humans [24] and is
transmitted only through close contact [25], between family
members [26] or medical workers [27]; nosocomial transmission
is also possible [28]. Patients with compromised immunity are
especially susceptible.

The origin of MERS is not fully understood. Perhaps, the
first transmission was from the camel to the human.

Over the past decade 4 new coronaviruses have been
discovered, of which 2 are extremely dangerous; the other 2
were discovered accidentally and their signs are hard to
distinguish from the signs of common acute viral respiratory
infections. Our brief review shows that emergence of new highly
virulent strains is very probable and only requires a couple of
nucleotide polymorphisms in the viral genome to happen.

Human metapneumovirus

A new virus was isolated from the samples of 28 patients in
the Netherlands in 2001. The symptoms of the infection were
similar to those caused by the respiratory syncytial virus (RSV).
A few patients were hospitalized; some required mechanical
ventilation. Viral isolates were cultured in tertiary monkey kidney
cells. Their cytopathic effect was pretty much identical to that
of RSV. Electron microscopy of the supernatant of the infected
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Fig. 2. Geographic distributions of emerging pathogens in the 21 century

cells detected paramyxovirus-like particles. But the use of
real-time PCR primer sets for paramyxovirus detection yielded
no results. Then a decision came to use RT-PCR assays with
random primers to obtain information on the sequence of
the unknown virus. Based on the similarity of sequences and
genomic organization, it was concluded that the studied virus
was a close relative of the avian pneumovirus. The virus was
identified as a new member of the Metapneumovirus genus
and called human metapneumovirus (HMPV) [29]. It was the
first metapneumovirus capable of infecting humans. Although
HMPV was discovered in 2001, phylogenetic analysis showed
that the virus had been circulating in the human population for
the last 50 years or so [30, 31]. From 7 to 19 % of respiratory
infections in children who received either inpatient or outpatient
care were caused by HMPV [32-34]. The literature reports that
this virus ranks second in frequency among the respiratory
viruses [35].

Human bocavirus

The first human bocavirus (hBoV) was discovered in 2005 in
nasopharyngeal aspirates of 282 Swedish patients with the
unknown infection of the lower respiratory tract. To remove all
contaminating RNA from the samples, the latter were treated
with DNAase prior to conducting RT-PCR with random primers.
Bioinformatic analysis of obtained sequences revealed the
presence of a new parvovirus in the samples that was highly
homologous to bovine and canine parvoviruses (hence the
name Bocavirus). The new virus was given a name of hBoV1
[36]. Three other strains of hBoV were discovered in 2010 and
are now referred to as hBoV2, hBoV3 and hBoV4 [37-39].
HBoV1 causes respiratory diseases and is present
everywhere across the globe accounting for about 19 % of

25
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SARS (China,
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E. coli
0104:H4 NDM-1 HCoV-HKU1
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all viral infections of the upper and lower respiratory tract in
humans [40-42]. HBoV1 effectively infects epithelial cells of
human airways and induces their cytolysis [43-45]. These
data are confirmed by clinical observations indicating that
the infection manifests as a respiratory condition. In contrast,
hBoV2, hBoV3 and hBoV4 colonize the gastrointestinal tract;
hBoV2 and possibly hBoV3 are associated with gastroenteritis
[46, 47]. Interestingly, hBoV2 is the only intestinal bocavirus
isolated from a nasal swab; therefore it may be associated with
respiratory diseases [48, 49]. Though hBoV1 is found in all age
groups, it is prevalent in infants of 6 to 24 months old [50, 51]
and rare in adults [52-56]. Generally, transmission and infection
occur throughout the year but are more often in winter and
spring [65, 57-59].

Influenza virus

Another mechanism of pathogen evolution is genome
recombination. A typical example here is a highly variable human
influenza virus (IV) with a segmented RNA-genome. When
several strains invade a host, their RNA segments may reassort
to produce new pathogenic strains. Adaptive changes occurring
in two surface proteins (hemagglutinin and neuraminidase)
of the virus determine its ability to cause pandemics.

Water birds are a natural reservoir of IV in which the virus
has evolved into its current state through several adaptation
stages. Incredible diversity of IV strains is found in anseriformes
and charadriiformes, including 17 hemagglutinin and 9
neuraminidase subtypes [60]. Transmission of the virus to land
birds and mammals has triggered its rapid evolution [61]. Some
strains of IV circulate in human populations (H1N1, H3N2), pigs
(H1IN1, H1N2), horses (H3N8, H7N7) and dogs (H3N8) [62].
Pigs have become a major reservoir for the pandemic strains
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of the virus because they have receptors for both avian and
human IV (2,3-sialic acids and 2,6-sialic acids, respectively)
[63, 64]. Pigs are effective “mixing tanks” for the virus, a source
of new reassortants that have mixed (recombinant) genomes
and can cause another pandemic [61].

Pandemics are the most severe manifestation of the
infection, with a 20-40 % global prevalence rate. One of the first
documented IV pandemics occurred in 1918 when the deadly
Spanish influenza took lives of 25 milion people worldwide
[60]. It was followed by the Asian flu (H2N2) in February 1957,
Hong-Kong flu (H3N2) in 1968, Russian flu (H1N1) in 1977 and
swine flu (H1N1) in 2009. The latter became the first and so far
the last pandemic of the 21st century. HIN1 emerged through
reassortment between the Eurasian swine influenza strain and
North American triple reassortant HIN2 [65, 66]. In comparison
with its “evil” ancestor, it is less virulent; however, it still caused
200,000 and 83,000 deaths by respiratory and cardiaovascular
complications, respectively [67].

Since the discovery of a new H7N9 strain of avian influenza
on March 30, 2013, China’s authorities have reported 135
laboratory confirmed cases of infection, with 45 deaths in
Shanghai, Anhui, Jiangsu and Zhejiang [68]. The only case
registered outside China was in Taiwan; however, the patient
contracted the virus in China [69]. Those were the first cases
of transmission of H7N9 avian influenza to humans [70, 71].
Initially, nonfatal viral infections caused by H7 strains (H7N2,
H7N3, H7N5) were observed across Europe and in the USA
[72]. The only exception in terms of fatality was a death case
of H7N7 infection reported in 2003 in the Netherlands [73, 74].
Interestingly, those outbreaks occurred at the time of the flu
outbreaks in poultry, but no such pattern was observed for
H7N9. Cases of H7N9 infection seem to be epidemiologically
unrelated, but the possibility of virus transmission between
humans remains [75]. Delayed serologic response in patients
infected with H7N9 complicates detection of the virus by
serologic tests [76]. Besides, unlike H5N1, H7N9 infection in
poultry tends to be latent, which makes identification of its
source and a route of transmission much harder and increases
a risk of a pandemic.

Shiga toxin-producing Escherichia coli

Another mechanism contributing to the emergence of new
pathogens relies on the acquisition of new properties by an
organism, such as an ability to produce toxins or resistance
to antibiotics. A consequence of such genetic transformation
was an epidemic caused by the O104:H4 strain of the
enterohemorrhagic Escherichia coli in 2011 in Germany. It was
the most severe outbreak ever registered caused by shiga toxin-
producing E. coli (STEC): in total, 3 842 cases were reported
including 2 987 cases of laboratory confirmed gastroenteritis
(with 18 deaths) and 855 cases of hemolytic uremic syndrome
(with 35 deaths) [77]. The outbreak started on May 8, reached
its peak on May 22 and was over on July 4. The outbreak may
have been halted because people had been warned against
using contaminated food; however, delivery of contaminated
products to markets may have also stopped. Allegations about
the source of the infection were publicly debunked (at first
cucumbers and cabbages were thought to be contaminated,
but that was not true) [77]. On June 10, German authorities
announced that infection had come from Egyptian sprouts of
fenugreek [78].

Epidemiologic analysis of the infection initially transmitted
through food is hard to perform once a pathogen learns to
transmit between humans. Human-to-human transmission of
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enterohemorrhagic Escherichia coli O157:H7 was observed in
about 20 % of households with an infected patient who had
contracted the virus through food [79]. Secondary household
transmission of the O104:H4 strain between adults was also
observed in France [80] and the Netherlands [81]; it became
possible due to the delayed onset of the infection compared
to the standard incubation time (7 to 9 days for O104:H4).
Secondary transmissions were observed in Hessen (Germany)
that lied outside of the epidemic area in the North [82].
Investigations proved the facts of household and nosocomial
transmissions; there was also a case of transmission between
laboratory staff.

Within a very short time, the O104:H4 strain isolated in
Germany was sequenced by a few groups of researchers. The
first sequence was obtained in the Beijing Institute of Genomics
from a sample provided by the University of Hamburg.
Expedited by the use of the lon Torrent platform, sequencing
of the bacterial genome only took 3 days. The first annotated
sequence was published by researchers from the University
of Goettingen who used the following genome sequencers:
Flex [83], lon Torrent [84] and PacBio RS [85]. A combination
approach based on the used of several next generation
sequencing techniques yielded higher assembly quality (longer
read lengths, fewer errors and missed regions, etc.). Sequence
mapping revealed a similarity between the studied strain and
4 other strains of enterohemorrhagic Escherichia coli that had
also caused infection outbreaks, including enteroaggregative
E. coli (EAEC) isolated from AIDS-stricken patients with chronic
diarrhea in the 1990s in Central Africa [86]. However, the
African strain did not contain the Stx2 prophage [84]. Mellmann
et al. proposed a model of O104:H4 evolution according to
which the progenitor strain had transformed into O104:H4
by removing or acquiring mobile DNA elements through
horizontal transfer [83]: a German variant of the pathogen had
acquired plasmids that carried fimbriae/pili genes (AAP/I) and
lost plasmids that carried the genes of TEM-1 and CTX-M-15
enzymes responsible for developing resistance to antibiotics.
Comparison of the epidemic strains also revealed extensive
rearrangements in the isolates, including deletions, insertions
and inversions, which indicated considerable genomic mobility.
Researchers also found that it was those structurally different
regions that contained fragments encoding virulence factors.

Why was strain O104:H4 so virulent? The study of genome
and virulence genes showed that this strain had an unusual
combination of SPEC virulence genes (prophage Stx2, long
polar fimbriae, tellurite resistance, iron metabolism) and EAEC
virulence genes (AAF/I, transcriptional regulator AggR, dispersin
Aap and shigella enterotoxin Set1) [87]. The latter are localized
to the pAA virulence plasmid [83]. Thus, the virulence of the
0104:H4 strain is ensured by two different mobile elements,
prophage Stx2 and plasmid pAA, which is quite unusual. It
may have been the combination of SPEC and EAEC virulence
factors that shaped this new extremely dangerous pathogen. It
causes cytotoxic damage to the intestinal epithelium facilitating
systemic absorption of shiga-toxin, which may explain the
high prevalence of hemolytic uremic syndrome in Germany.
But in spite of 2 antibiotic-resistance genes in O104:H4, the
epidemiologic situation, in particular mortality rates, could have
been worse if the virus had had resistance to a broader range
of antibiotics.

Antibiotic resistance and superbacteria

Since the first cases reported in the 1980s, strains with
multidrug resistance (MDR) have become common sources of
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nosocomial infections [88]. Many countries, including Russia,
have increasingly witnessed infections resistant to traditional
antibiotic treatments. It should be noted that major sources of
infections caused by such pathogens as methicillin-resistant
staphylococcus aureus, vancomycin-esistant enterococcus
and other gram-negative bacteria with MDR are intensive care
units [89].

Carbapenem resistance of gram-positive bacteria poses a
particular problem. Carbapenems are drugs of choice used to
treat many infections caused by gram-negative bacteria [90].
Extensive use of carbapenems promoted antibiotic resistance
in  bacteria. The most common carbopenem-resistant
microorganisms are Pseudomonas aeruginosa, Acinetobacter
baumannii and enterobacteria [91].

Pseudomonas aeruginosa causes acute invasive infections
in patients with compromised immunity or in critical condition.
Isolates of P aeruginosa obtained from patients of intensive care
units demonstrated resistance to carbopenems in 28-37 % of
cases [92, 93]. A. baumannii is also one of the major sources
of nosocomial infections. Initially this pathogen was sensitive
to imipenem treatment in most medical institutions. But soon
its strains were rapidly evolving to develop carbopenem
resistance. At the moment 50-60 % of nosocomial infections
associated with A. baumannii do not respond to imipenem
treatment [94, 95]. Many enterobacteria, a broad range of
beta-lactamase-producing E. coli and strains of Klebsiella
pneumoniae resistant to carbopenems pose a serious threat
to patients in intensive care because carbopenems are used as
last resort antibiotics [96].

The driving force of carbopenem resistance is thought to
be the extensive use of the third generation cephalosporins,
aztreonam and ipinem. Emerged in the 21t century,
superbacteria are totally resistant to any known antibiotics
and are a serious challenge to modern medicine. Emerging
pathogens are a product of both acquired resistance genes
and the activation of “hidden” resistance genes resulting from
a few significant nucleotide polymorphisms. Such genetic
modifications are typical for microorganisms. In this light, a
focus on the bacterial resistome — a sum of all resistance
genes in the entire microbial community — is a prerequisite for
effective identification and elimination of pathogens.

The resistome concept is based on the fact that soil
actinobacteria and many other microorganisms actively
produce antimicrobial compounds. It seems obvious that
in order to survive, a microorganism not only has to develop
defense against antibiotics: it also needs an ability to produce
them. As proved by some studied, many resistome components
emerged long before antibiotics were introduced into clinical
routine [97]. Metagenomic analysis of ancient DNA samples
collected in permafrost zones revealed the presence of beta-
lactam-, tetracycline-, and glycopeptide-resistance genes [98].
[t was shown that modern glycopeptide-producing organisms
harbor ancient glycopeptide resistance genes (vanHAX).
Moreover, the VanA protein, one the most important products
of glycopeptide resistance genes, has preserved its function
and 3D structure over centuries [99]. In another study, bacteria
found in caves that had had no contact with the surface for
over 4 million years proved to be resistant to 14 different
antibiotics [100]. Genotyping and biochemical assays show
that resistance genes are present in the microbial pangenome
regardless of the human-induced selective pressure [100].

Although the independent ancient origin of antibiotic
resistance genes is evident, humans have largely contributed
to the formation and transformation of the resistome in its
current state. Resistance protogenes do not form a stable

phenotype but are capable of transforming into resistance
genes when undergoing a mutation or due to contextual
changes. Mutations of the enzyme facilitating its transition from
one functional class to another are highly unlikely to occur while
the expansion of the substrate specificity range in the enzymes
with retained function is very probable. Structural studies
demonstrated the evolutionary proximity between lincosamides
and aminoglycoside nucleotidyltransferases and polymerases,
and this allows for a supposition that progenitor polymerases
were resistance protogenes that later evolved into antibiotic-
modifying genes [101].

Conserved  structural  elements and  biochemical
mechanisms detected in a similar way indicate that protein
kinases and protein acetyltransferases share common ancestors
with resistance protogenes from which aminoglycoside
resistance genes were derived [102, 103]. Moreover, resistance
genes themselves can function as resistance protogenes.
For example, aminoglycoside acetyltransferase acc(60)-la-
cr ensures resistance to quinolones [102]. The ancestral
enzyme acc(60)-la ensures resistance to kanamycin (which is
an aminoglycoside); mutations of its two amino acid residues
Trp102Arg and Asp179Tyr turned to be sufficient to extend
its substrate specificity to include a number of quinolone
antibiotics, such as ciprofloxacin, without losing aminoglycoside
acetyltransferase activity.

The frequency of resistance protogenes in the resistome
is unknown. To be considered clinically significant, these
protogenes have to undergo a series of important evolutionary
events. However, the examples above show that enzymes
have a potential to include more substrates in their “profile” and
might contribute to the emergence of new resistance genes.

Similar to resistance protogenes, silent resistance genes
cannot form a resistant phenotype in their current structural
state. Unlike protogenes, these genes can be detected in the
resistome based on the homology between their sequences
and the sequences of known resistance genes. For example,
two antibiotic-sensitive strains of Citrobacter freundii isolated
before antibiotics entered the clinical setting contain AmpC
beta-lactamase genes [103]. Mutations that trigger AmpC
expression in these strains induce resistance to broad-
spectrum cephalosporins. The wild type of Salmonella enterica
cultured in the enriched growth-supporting medium is sensitive
to streptomycin and spectinomycin. However, the same strainis
resistant to both drugs when cultured in nutrient-poor medium
due to the activation of aminoglycoside adenyltransferase gene
aadA [104]. Overexpression of aadA from a plasmid resulted in
streptomycin resistance (the minimum inhibitory concentration
of streptomycin increased). Thus, a total expression level of a
resistance gene may be critical in the formation of a resistant
phenotype.

If a mutation is seen as a driving force of evolution, then
horizontal gene transfer is a magic wand that can transform
the inactive resistance gene into a fully functional one by
increasing the number of gene copies or changing the context
that ensures gene expression under a strong promoter. Having
become a component of a mobile element, resistance genes
discover an opportunity to spread throughout the entire
microbial pangenome where they can pick up further mutations
reinforcing their function and expanding the range of possible
enzyme substrates in response to the environmental selection
pressure.

Staphylococcus aureus with its variety of genes capable
of horizontal transfer in human pangenome is a perfect
illustration of their role in antibiotic resistance: mobile
elements account for 15-20 % of its genome, including
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bacteriophages, pathogenicity islands, plasmids, transposons,
and staphylococcal cassette chromosome mec [105].
Accumulation of these mobile elements is a result of selection
pressure, but the element source is bacteria that once
co-existed with Staphylococcus aureus. While details of
interactions between pathogens and commensual bacteria
remain largely unclear, we are coming to realize that major
reservoirs of resistance genes available to pathogens are
harbored by the human microbiome [106]. Thus, metagenomic
libraries that include samples of intestinal microbiomes
of infants, children and teenagers report resistance to 14
antibiotics [107]. Moreover, all libraries report resistance to
tetracycline, trimethoprim, trimethoprim sulfamethoxazole,
D-cycloserine, chloramphenicol, and penicillin, and some of
them report resistance to aminoglycosides, glicylcyclines and
beta-lactams. About 3 % of all antibiotic resistance genes listed
in those libraries are associated with mobile elements, such
as transposons or integrons [108]. The effect of antibiotics
on intestinal microbial communities is actively studied. For
example, some antibiotics, especially metronidazole and beta-
lactam, negatively affect the variety of microorganisms in the
gastrointestinal tract [108]. If any bacterial taxon starts to
dominate the gut flora, it increases a risk of bacteremia [109].

Members of the human gut flora can acquire resistance
genes horizontally (from farm animals to humans through food).
A group of researchers discovered that 42 unique resistance
genes had been transmitted to the human microbiome by
agricultural isolates, which allows for the assumption that the
microbial flora of farm animals, as well as waste, may contribute
to the development of drug resistance in human pathogens
[109]. Mobile elements that carry antibiotic resistance genes
are widely spread in the microorganisms we consume with food
[109-113] and are a potential source of resistance genes for
the human microbiome. Unfortunately, overuse of antibiotics on
farms is not rare. Monitoring on Chinese pig farms [114] showed
that antibiotic resistance genes were found almost everywhere
in the sail, as the latter was fertilized with the manure of pigs
who had received antibiotic-containing food. Tests of pathogen-
containing agricultural samples revealed a 3-fold increase in the
number of unique resistance genes compared to the controls,
including resistance to clinically significant antibiotics, such
as macrolides (mphA and erm), cephalosporins (bla-TEM and
blaCTX-M), aminoglycosides (aph and aad) and tetracycline
(tet). The number of transposases in the genomes of pathogens
found in pig manure and soil samples was 90 000 and 1 000
times higher, respectively, than in the controls. The number
of transposases positively correlates with the frequency of
resistance genes (especially tetracycline resistance genes) in
the microbiome of agricultural products.

To sum up, all mechanisms of emergence of new pathogens
can fall into two categories:

1. host-to-host  transmission of the known pathogen
accompanied by an acute infection in the new host due to
the lack of adaptation of the latter (a good example here is a
cytokine stormy;

2. emergence of new pathogenic properties in the known
biological agents usually acquired through horizontal gene
transfer.

Identification of new pathogens using traditional
methods. Difficulties

So far, a lot of technologies and commercial applications have

been developed for pathogen detection and identification. They
can “spot” nucleic acids and antigens typical for a pathogen.
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Although many of those methods are claimed to meet the
strictest requirements for sample preparation, processing rate,
accuracy and reliability, only a few of them can be used in real life
circumstances, especially in the field [115]. Biohazard detection
systems must ensure timely identification and confirmation of
biological risk factors straight in the sample yielding as few false
positive or false negative results as possible. Such systems
must be able to detect a modified or an unknown pathogen.
Devices for biohazard detection must be portable, easy to use
and capable of detecting several or even dozens or hundreds
of factors simultaneously [115].

Currently there are a few diagnostic methods that meet
most of the listed requirements but there is not a single tool
that would meet all of them. Unlike chemical detectors capable
of scanning a sample for health-threatening amounts of
chemical compounds, low-sensitive biological detectors rarely
“spot” potentially hazardous amounts of pathogens straight
in the sample; what is more, the sample must be preprocessed
before the test. Diagnostic systems based on nucleic acid
amplification are generally more sensitive than antibody-
based systems [115]. For example, PCR assays can detect
individual molecules of microbial nucleic acids within a relatively
short time [116-118]. However, this technique still requires
thorough preparation of the sample and cannot directly detect
toxins or infectious agents deprived of nucleic acids (such as
prions) [115].

Specificity is a no less important parameter of a diagnostic
method, as there is always a need to minimize background
signals or false positive results when processing a complex mix
of organic and inorganic compounds. High levels of competitor
antigens or DNA fragments in the sample may render the test
nonspecific. High sensitivity of PCR-based assays may actually
be their drawback in the case of contaminated samples
yielding false positive results due to the presence of various
substances, including humic acids and heme, that inhibit
polymerase activity.

Another important requirement for a diagnostic method
is its reproducibility, which may be influenced by a number of
factors, including reagent stability or varying test conditions.
The impact of these factors may be reduced by introducing
standards for sample collection and subsequent analysis.

In addition to the requirements listed above, diagnostic
methods must be capable of performing a multiplex analysis,
i.e. detect more than one bioagent in a sample. Samples
often contain a mix of toxins, bacteria, viruses, etc. Besides,
there may also be genetically or antigen-modified elements,
previously unknown microorganisms or emerging strains of
well-known pathogens, all of which are extremely difficult to
detect. It should be noted that even regular bioagents are hard
to detect in contaminated samples. Human specimens (blood
or excrements), food, water, or air samples are “difficult” objects
for diagnostic systems. For example, anticoagulants, leukocyte
DNA or heme components inhibit PCR [115, 119, 120],
which leads to false negative results. Fat in food samples and
concomitant bacteria in excrements may distort immunoassay
results. Therefore, biological agents must be isolated or purified
before the analysis, which means longer tests and renders field
diagnostics impossible.

Sample composition determines conditions for its storage
and transportation. Air and water samples must be brought
to concentrations allowing preliminary detection of target
molecules. Air samples must be transformed to a liquid state
because the majority of diagnostic tests work with liquids.
Sample volumes and transportation are also important
especially when it comes to living organisms. Sometimes to
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assess the risk, the viability of a pathogen must be confirmed;
in this case standard genetic or immunological assays will be
of no use.

Over the past years, methods for detection and identification
of unknown pathogens have been actively developed and
profusely funded [115]. The most promising technology among
them is next generation sequencing.

Next generation sequencing. Basic principles

The term “next generation sequencing” (NGS) is used to
describe a group of methods for parallel sequencing of multiple
fragments that unlike Sanger sequencing allow reading
massive volumes of primary DNA sequences in one go. NGS
has become a truly universal method of describing genomes
of living organisms. Currently NGS-based applications are
actively used in scientific research, molecular systematics,
bioengineering, cellular and molecular biology, and in routine
human activities: medical practice, criminology, selection, etc.

There are two major groups of NGS types: sequencing
of multiple preamplified DNA fragments and single-molecule
sequencing.

All sequencing methods based on template ampilification
share the same principle regardless of the reagents or devices
used. First, a library is prepared by DNA fragmentation and
adapter ligation. Then, library fragments are immobilized
on beads or flow cell surface; each fragment is amplified by
emulsion bead PCR or bridge PCR, respectively. Specific
primers are then hybridized to adapter sites and sequencing
is performed. This process is accompanied by signal emission.
Signal type depends on the platform used. The signal is
registered by the device that converts it into a nucleotide
sequence.

Pyrosequencing or 454-sequencing was a pioneer NGS
variation. The idea behind it is as follows: when a nucleotide
is added to an elongating complementary sequence, light
is emitted. [121-123]. Another NGS type, semiconductor
sequencing, is based on measuring changes in pH values
caused by H* release that occurs during formation of
phosphodiester bonds as nucleotides are added to a
complimentary strand [124-127]. Another NGS variation is
sequencing by ligation: a sequencer captures a fluorescent
signal emitted during complimentary strand synthesis in a flow
cell into which a mixture of fluorescently labeled nucleotide
probes (octamers) and a DNA ligase are pumped [128]. The
most common type of NGS is sequencing by synthesis which
employs fluorophore labeled reversible terminator nucleotides.
Amplification is performed inside a porous flow cell into which
reagents for DNA synthesis are pumped [129]. After cluster
PCR amplification, clusters of clonal DNA copies are generated
to the cell surface, with each cluster corresponding to one
read. High cluster density (up to 800-900 thousand per mm2)
provides sufficient throughput in terms of the obtained data.
Clusters of DNA molecules are then sequenced according to
the principle similar to the Sanger method [130, 131].

Among the drawbacks of NGS based on the use of
preampliied DNA fragments are sequencing errors in
homopolymer regions or regions that contain single nucleotide
polymorphisms; problems related to repeat resolution;
dependence of read accuracy on GC-content of DNA
fragments, etc. [132—-134]. All of these factors dictate the need
for alternative sequencing techniques, such as single-molecule
sequencing.

One of its types is based on the use of DNA polymerase
to catalyze incorporation of a fluorescently labeled nucleotide

into the elongating strand. Incorporation is captured by a highly
sensitive CCD-camera. Once the nucleotide is incorporated,
the fluorescent label is removed and fluorescence goes back
to normal values. Then another nucleotide enters the DNA
polymerase active site and the cycle is repeated [135]. Phage
029 DNA polymerase used in this technique of can process
up to 10 nucleotides per second. This technique can be used
to sequence long DNA molecules — up to 10 000-20 000
base pairs and already has a number of practical applications
[136-142].

Another type of single-molecule sequencing uses
electrophoretic cells equipped with a nanopore membrane.
Single stranded DNA molecules are threaded into the pore;
as the molecule enters the pore, the amount of current that
passes through it changes [113]. Based on the properties of
this change, such as duration and amplitude, it is possible
to accurately identify the nucleotide that enters the pore at a
particulartime point. Sofar, this approach has beenimplemented
in one commercial sequencer (MiNION by Oxford Nanopore
Technologies, UK) distributed under the early access program
[143]. The advantage of this sequencing type is a possibility to
run long reads without having to use expensive equipment. Its
major drawback is high error rates (12-20 %) [144]. However, it
is becoming clear that nanopore sequencing is an increasingly
promising technique for metagenomic studies, sequencing
of short genomes, identification of viral and bacterial agents.
Nanopore sequencing has been successfully used as a
diagnostic test to detect Ebola and Chikungunya viruses. It is
also a good technique for conducting metagenomic research
of bacterial resistome and sequencing large-scale genomes
[145-147].

NGS-based strategies for pathogen identification

The main group of pathogens that pose the biggest threat to
humans includes bacteria and viruses. Other pathogens such
as fungi or protists are no less dangerous but do not normally
require a genetic analysis to be identified. At present, the major
technique for describing a diversity of microorganisms in the
sample is metagenomic analysis. It has become possible and
even routine due to NGS. The diversity of microorganisms
found in the sample can be described using two different
strategies: targeted sequencing of selected marker regions and
large-scale (whole) metagenome sequencing.

The first method is simple, cheap and takes less time
for sample preparation, sequencing and data processing.
However, it has its limitations and can only be used to detect
the presence of different organisms in the sample. In contrast,
the second method vyields a full profile of the microbial
community, including the description of its genetic properties.
Usually regions of the 16S rRNA gene of prokaryotes and 18S
rRNA gene of eukaryotes are recommended as marker regions
for processing metagenomic samples; for fungi samples ITS
regions are recommended [148-150]. However, the task may
dictate the use of other markers. For example, for generating a
resistome profile, regions of antibiotic resistance genes should
be selected.

The second method is costly and time consuming.
However, whole genome sequencing provides a basis for
further assembly of a reference genome [148]. These are three
ways to analyze the obtained data (fragments of microbial
DNA contained in the studied metagenomic sample). The first
method involves comparison of marker sequences with known
sequences obtained from databases that describe genomes
of similar organisms [151-153]. The second method involves
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clustering of all reads into taxon groups (based on their similarity
to known whole genome sequences, etc.) [154-157]. The third
method is based on the assembly of the obtained contigs into
genes or even genomes de novo [158, 159]. Whole genome
sequencing and methods of data interpretation are highly
useful tools for pathogen identification as they help to identify
individual genes in the sample.

Both approaches have their own drawbacks and
advantages. Sequencing of individual regions is fast and cost-
effective and gives a general idea of the genetic diversity of
the sample, while whole metagenome sequencing provides
full information on pathogen determinants (metaresistome etc).
Most of the obtained data will not be of any particular value but
what is important is that sequencing will yield a comprehensive
list of genetic elements that determine epidemiologic properties
of pathogens contained in the sample. It might be possible
to use a reagent kit instead of conducting whole genome
sequencing that consists of several hundreds of oligonucleotide
sequences complementary to important epidemiologically
significant determinants. The use of the kit would speed up
metagenomic processing and cut its costs. Then total/whole
genome sequencing could be used in some difficult cases
following preliminary pathogen detection to provide a detailed
genetic profile of a mixed sample or isolated pathogen.

Specific aspects of NGS-based identification of viruses
and bacteria

State-of-art NGS techniques are ideal when there is a need
to analyze, identify and describe genomic sequences of
isolated prokaryotic organisms. NGS certainly holds promise
as an effective tool for identification of unknown pathogens in
mixed samples. However, there may be a difficulty in detecting
horizontal transfer factors in samples containing prokaryotic
organisms; drawing up accurate genomic profiles for individual
members of such microbial communities may also be an issue.
To minimize these issues when working with chromosome-
bearing genetic elements, a better coverage of chromosome
sequences of individual metagenomic components by single
reads is required.

Quality of data obtained through sequencing is largely
determined by sample preparation. Its significance becomes
obvious once we take a closer look at the aspects of virus
identification. Identification of new viruses is a challenging task:
viral nucleic acids are very hard to isolate from junk nucleic
acids. Extraction of nucleic acid from virus particles obtained
through ultrafiltration of large DNA viruses results in sample
contamination by the so-called gene transfer agents: nonviral
DNA packed in viral capsids [160]. Identification of small
highly variable RNA viruses is complicated by the presence of
contaminating amounts of rRNA in nucleic acid samples. There
are certain difficulties with primer selection: primers need to be
universal and allow amplification of at least genus-specific viral
cDNA [161]. One of the popular techniques used to identify
emerging viruses relies on a modified PCR assay (VIDISCA)
followed by NGS (Fig. 3) [162]. Below is a brief description of
the technique.

First, the sample is selectively enriched with viral nucleic
acid; as part of the procedure, the sample is centrifuged to
remove residual cells and mitochondria. The sample is also
treated with nucleases to remove interfering chromosomal and
mitochondrial DNA and RNA from lysed cells. Adding RNAsa
to the sample causes degradation of cellular RNA, but the
viral nucleic acid remains intact, because it is packed inside a
capsid. Then nucleases are inactivated and viral nucleic acids
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are extracted from the sample. RNA is reverse transcribed into
cDNA and a complementary strand is synthesized from viral
RNA or genomic DNA [163]. Double stranded DNA is then
digested by frequently cutting restriction enzymes (HinP1-1 and
Mse-I). The cleaved DNA is then ligated to Hinp1-I and Msel
adaptors with complementary overhangs. Target molecules
are amplified using primers specific to each adaptor. For
further selective amplification primers with a supplementary
base (G, A, T or C) are used. In total, 16 combinations of
primers are used; each sample is compared to the negative
control (uncontaminated serum or plasma and supernatant
of noninfected cultures). PCR products specific for infected
samples are then cloned and Sanger-sequenced.

This technique is quite difficult to perform and its throughput
is relatively low; reproducibility may also be an issue [163].
Currently, a modification of the method is attempted based
on a combination of PCR with NGS. The amplified fragments
are conjugated to nanoparticles and sequenced by massive
parallel sequencing. The original method was based on the
pyrosequencing technology; the license for it was acquired by
Roche. But a serious problem arouse related to a low number
of clean reads due to the presence of ribosomal RNA (rRNA ) in
the sample. Therefore, the method yielded poor results. There
are a few approaches that can help to reduce the amount of

l Viral RNA

Isolation of nucleic
acid fraction

l Synthesis of cDNA

Complementary strand synthesis

Endonuclease cleavage

Adapter ligation

Preamplification

Emulsion PCR-based
clonal amplification

Fig. 3. Identification of new viruses using VIDISCA and next generation sequencing
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contaminating rRNA in the samples such as the use of specially
designed primers that do not anneal to rBNA, low-frequency-
cleavage restriction enzymes and specific oligonucleotides
for blocking cDNA synthesis on rBNA [163]. Although these
“patches” significantly reduce the number of amplified rRNA
fragments, the obtained result is still far from being perfect, as
viruses are detected in only 50 % of contaminated samples.
However, if the problem of rRNA removal from the samples
is fully solved, the technique will certainly be one of the most
time-saving and accurate tools ever used for the detection of
previously unknown viruses.

CONCLUSION

Emergence of new bacteria and viruses that pose a serious
threat to global health is inevitable and dictated by evolution.
Viruses and bacteria are highly adaptive due to a number of
molecular mechanisms at their disposal, such as recombination,
reassortment and horizontal gene transfer. Coupled with a
capacity to produce abundant progeny and human-induced
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GENETIC POLYMORPHISM OF STAPHYLOCOCCUS EPIDERMIDIS STRAINS
IN PATIENTS OF THE NEONATAL INTENSIVE CARE UNIT
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Staphylococcus epidermidis is a member of the normal bacterial flora of humans capable of causing potentially dangerous
diseases in neonates with very or extremely low birth weight. The number of genes responsible for virulence and antibiotic
resistance may vary in different S. epidermidis strains. We sequenced isolates of S. epidermidis to explore genetic diversity of
14 strains circulating in the Neonatal Intensive Care Unit of Kulakov Research Center for Obstetrics, Gynecology and Perinatology.
Among the studied strains, 8 sequence types were identified, the most frequent being ST2 and ST59, both of which belong to
the clonal complex CC2. Of 14 studied strains, 10 were of CC2 type. The studied strains revealed a variety of genes responsible
for antibiotic resistance. We found 15 genes that provided resistance to aminoglycosides, beta-lactam antibiotics, fusidic acid,
macrolides, lincosamides, streptogramin B, tetracycline, and trimethoprim. We identified a number of genes associated with
virulence (aae, atlE, aap, embp), whose frequency in the studied isolates was varied. The insertion element IS256 was detected
in 9 strains, and 7 strains revealed the presence of the ica-operon responsible for the biosynthesis of the biofilm matrix proteins.
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FEHETUHECKUA NOJIMMOP®UN3M MOCMUTANIbHbIX LULTAMMOB
STAPHYLOCOCCUS EPIDERMIDIS, BbIAENEHHbLIX' Y HOBOPOXAEHHbIX
OTAENEHNSA PEAHUMALUN N UHTEHCUBHOW TEPAMUU

A. B. Topoees'™ J1. A. JTlobacosckas', tO. B. Pogyerko!, [. B. dy6onenos’, M. C. Mykocelr?, T. O. KoyeTkosa?, /. B. HukutunHa®,
O. B. VMoHog?, B. B. 3ybkog®, [1. FO. Tpodumor?, T. B. MpunyTHeBMY'

1OTAENn MUKPOBMONOrM 1 KIMHUHYECKON (hapMakonorim,
Hay4HbIN LIEHTP akylLepcTBa, MMHEKONorn 1 NepuHaToNnor nMeHn akagemmnka B. . Kynakosa, Mockea

20Taen KIMHUHECKOW 1 MONEKYNSPHOM reHETUKN,
Hay4HbIN LeHTp akylLepcTBa, MMHEeKONorm 1 NepuHaTonoru nMeHn akagemunka B. . Kynakosa, Mockea

30Then HeoHaToNoOrMK 1 NeAMaTpUK,
Hay4HbIn LeHTP akyLepcTBa, MMHEKONorn 1 NepyHaTonorim nMeHn akagemunka B. /. Kynakosa, Mocksa

Staphylococcus epidermidis — npeacTaBUTENb HOPMaNBHOM MUKPOMIOPbI YeTOBEKA, CMOCOOHIN Bbi3blBATb ONACHbIE 3a-
60oneBaHVsa y HOBOPOXXAEHHbBIX C O4EHb HU3KOWM U SKCTPEMASTbHO HU3KOM MacCoW Tefa npu POXAEHWN. Pa3nnyHble LTaMMbl
S. epidermidis 0bnanatoT pPas3HbIM CMEKTPOM MEHOB, aCCOLMMPOBAHHbBIX C UX PE3UCTEHTHOCTBIO K aHTUMMKPOOHbBIM Mpena-
partam 1 MaToreHHOCTLIO. [10 pe3ynsratamM aHanmMsa OaHHbIX MOMHbIX FEHOMHbIX CEKBEHMPOBaHWIM YeTbipHaaLaTV LUTaMMOB
S. epidermidis n3y4eHo reHeTUHeCKoe pPasHoobpasme LUTaMMOB, LIMPKYIMPYIOLLMX B OTAENEHUN PEaHNMALMM 1 MHTEHCUBHOW
Tepanun HoBopoXkaeHHbIX HLIATMM nm. B. V1. Kynakosa. BbisiBneHa nprHaa/ieXKHOCTb LUTAMMOB K BOCbMU CUKBEHC-TUMAM,
N3 KOTOPbIX Yallle BCTpedanmcb ST2 n ST59, npuHagnexalpme K eaMHoMy KnoHanbHoMmy komminekcy CC2. K gaHHOMy Ko-
HaNbHOMY KoMMekcy oTHocunvcb 10 13 14 wramMmoB. [oka3aHo, YTo 1M3y4eHHble LUTaMMbl 06rafani LMPOKUM CMEKTPOM
reHOB PE3UCTEHTHOCTU K aHTUMUKPOBHBLIM MpenapaTtam. OBHapy»xeHo 15 pasnmnyHbIX reHOB, 0OYCNaBAMBAIOLLIMX PE3UCTEHT-
HOCTb LUTaMMOB K aMVHOIMKO31aaM, beTa-nakTaMmHbIM aHTUBNOTUKaM, y3MANEBON KUCNOTE, MaKponnaam, IMHKO3aMmnaaMm,
CcTpenTorpamMuyHy B, TeTpauvKnHy 1 TpUMETONpUMY. BbisiBAEHb! MeHbl, aCCOLMMPOBaHHbIE C MATOreHHOCTLIO (aae, atlE, aap,
embp), BCTpEHaOLLMECS B FEHOMaX U3Y4EHHbIX LUTAMMOB C Pa3HOM 4acTOoTON. B reHoMax OeBaTY LWTaMMOB Obiil OBHapYy>KeH
WNHCEPLIMOHHBI 31eMeHT IS256, a B reHOMax CeMM LLITaMMOB — eHbl iCa-0nepoHa, OTBEYAIOLLIErO 3a CUHTE3 BEMNKOB MaTpuKca
BO1OMMEHOK.

KnioyeBble cnoBa: nosmmMopdusM, MosIHOFrEHOMHOE CEKBEHMPOBaHME, MaTOreHHOCTb, PE3VCTEHTHOCTbL, Staphylococcus
epidermidis, HOBOPOXXAEHHbIE, CUKBEHC-TUM
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Staphylococcus epidermidis is a member of the normal flora
inhabiting human skin and mucosa [1, 2]. Still it can cause life-
threatening diseases, such as pneumonia, sepsis and catheter-
related infections, in neonates with low and extremely low body
weight. The pathogenic potential of these bacteria varies over
a very wide range, from virulence to commensalism. In spite
of advances in our understanding of pathogenic mechanisms
used by S. epidermidis, they still remain understudied.

S. epidermidis strains have different genetic properties.
A method of multilocus sequence typing (MLST) has been
developed and is actively used to classify bacterial strains
into sequence types. Although the number of S. epidermidis
sequence types is quite big, the majority of the nosocomial
strains from around the world can be grouped to form a single
clonal complex (CC2) that comprises closely related sequence
types [2, 3]. Many of S. epidermidis strains circulating in the
hospital environment are resistant to methicillin; this type
of antibiotic resistance is associated with mobile genetic
elements referred to as staphylococcal cassette chromosome
mecs (SCCmec) [1, 4]. Resistance to methicillin is mediated by
the mecA gene that encodes an alternative penicillin-binding
protein with reduced affinity to methicillin (oxacillin). Methicillin
resistance is a pressing clinical issue due to the fact that
mecA of staphylococcal strains confers resistance to all beta-
lactam antibiotics (penicillins, including protected penicillins,
cephalosporins and carbapenems). Gene sets contained
in SCCmec elements may vary and include genes encoding
resistance to other antibiotics, as well as insertion sequences,
such as /15431, plasmids, such as pT787, and transposons,
e. g. Tn554.

Nosocomial strains of S. epidermidis also tend to be
resistant to aminoglycosides and macrolides and, to a lesser
degree, to tetracycline, chloramphenicol, vancomycin and
clindamycin [5]. According to some researchers, methicillin
(oxacillin) resistance is observed in over 70 % of S. epidermidis
nosocomial strains [6, 7]. Antibiotic resistance genes are
often found in mobile genetic elements of S. epidermidis. On
the whole, bacterial strains demonstrate a strong correlation
between the presence of resistance genes and resistance
phenotypes [1, 8].

S. epidermidis strains harbor a few virulence determinants
in their genome, i. e. genes encoding synthesis of proteins
that promote infection and sustain bacterial viability. Although
some works report the association between bacterial virulence
and virulence factors, it is currently impossible to identify
markers that could be used to accurately differentiate between
pathogenic and harmless strains [1]. Perhaps, advances
in this field depend on the study of complex interactions
between bacteria and the immune system of humans. Some
virulence factors are part of the core genome and can be
found in all strains of S. epidermidis. Other factors associated
with pathogenicity are harbored by few strains. One of the
approaches used to identify genetic features of microbial
strains relies on high-throughput whole-genome sequencing
that allows performing a comprehensive analysis of genetic
properties of selected strains and also detecting a large number
of genes or their variants by conducting a bioinformatic analysis
of the obtained assemblies. Here, in Kulakov Research Center
for Obstetrics, Gynecology and Perinatology we study genetic
diversity of various microbial strains that circulate in the hospital
environment [2, 9].

The aim of this work was to study genetic diversity of
nosocomial strains of S. epidermidis isolated from patients of
the Neonatal Intensive Care Unit of Kulakov Research Center
for Obstetrics, Gynecology and Perinatology.
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METHODS

We isolated 14 strains of S. epidermidis from patients of the
Neonatal Intensive Care Unit of Kulakov Research Center
for Obstetrics, Gynecology and Perinatology. Strains 3, 7,
8, 13, and 14 were isolated from tracheobronchial aspirates
of 5 neonates; strains 1, 5, and 9 were isolated from stool
samples of 3 neonates; strains 4 and 10 were isolated from
oropharyngeal swabs of 2 patients; strains 2 and 11 were
isolated from blood samples of 2 neonates; strain 12 was
isolated from eye discharge of 1 patient; strain 6 was isolated
from the lung tissue of one neonate postmortem. All neonates
had signs of infection (pneumonia, sepsis, conjunctivitis) at
the time of sample collection; autopsy of the dead neonate
confirmed pneumonia. All neonates had low or extremely low
body weight.

Specimens were inoculated into Columbia agar base (Bio-
Rad, USA) supplemented with 5 % sheep blood (Eco-Lab,
Russia) and mannitol salt agar (Liofilchem, ltaly). Plates were
incubated in the thermostat at 36-37 °C for 48 hours.

Isolates were identified to a species level using matrix-
assisted laser desorbtion/ionization time-of-flight mass
spectrometry (MALDI-TOF MS). Sample preparation is
described below. One-day old microbial cultures (1-2 colonies)
were applied onto a stainless steel target plate, allowed to dry
for 1-2 minutes, and then covered with 2 pL saturated matrix
solution (a saturated solution of alpha-cyano-4-hydroxycinnamic
acid by Bruker Daltonics, Germany, in 50 % acetonitrile and
2.5 % trifluoroacetic acid). All reagents including water were
either analytical or mass spectrometry grade. Crystals were
exposed to air for 5-10 min to dry. Humidity and temperature
were not controlled. Two replicates were run for each sample.
Mass spectrometry was performed using MALDI-TOF mass
analyzer Autoflex Il (Bruker Daltonics, Germany) equipped
with a nitrogen laser of 337 nm wavelength. All measurements
were performed in linear mode with positive ion detection. To
accumulate mass spectra, laser power was set to a minimum
threshold sufficient for sample desorbtion/ionization. Mass
analyzer settings were optimized for the m/z range of 2,000
to 20,000. External calibration was performed using reference
masses of known Escherichia coli proteins. The sample was
applied onto 3 steel targets; the spectrum was recorded as
a sum of 10 measurement runs, with 50 laser bursts per run.
To record, process and analyze the spectra, flexControl 2.4
(Build 38) and flexAnalysis 2.4 (Build 11) software by Bruker
Daltonics, Germany, was used. Mass accuracy was + 2 Da.
Cluster analysis and comparison of the obtained mass spectra
with the values retrieved from mass spectrometry reference
databases were performed using Biotyper 1.1 software (Bruker
Daltonics, Germany).

Antibiotic sensitivity tests were performed on the automated
microbial identification system Vitek 2 Compact (bioMérieux,
France) according to the manufacturer’s protocol. The samples
were tested for their sensitivity to benzylpenicillin, cephoxitin,
gentamycin, clindamycin, erythromycin, vancomycin and
fusidic acid. Results were interpreted using the software
supplied by the manufacturer based on the interpretation
criteria recommended by EUCAST in 2015.

Genomic DNA was extracted from freshly grown cultures
using lysozymes and protein kinase K. DNA was further purified
by phenol-chloroform extraction. To obtain DNA libraries, we
used lon Xpress Plus Fragment Library Kit and lon Xpress
Barcode Adapters (Thermo Fisher Scientific, USA) following
the manufacturer’s protocol. Quality of the libraries was tested
on Agilent 2100 Bioanalyzer system using HighSense DNA Kit
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(Agilent Technologies, USA) according to the manufacturer’s
protocol. Emulsion polymerase chain reaction (PCR) and
enrichment of ion sphere particles were performed using lon
OneTouch Template Kit (Thermo Fisher Scientific) according to
the manufacturer’s protocol. Sequencing was performed on the
lon PGM Torrent platform using lon Sequencing Kit and 316 v1
chips (Thermo Fisher Scientific) according to the manufacturer’s
protocol. Short reads were assembled into longer sequences
(contigs) using MIRA 3 software with the following parameters:
job = genome, de novo, accurate.

Sequence typing was performed using MLST 1.8 software
[10]. Polymorphism analysis of 7 loci (arcC, aroE, gtr, mutS,
pyr, toi and yqil) of the assembled contigs was conducted.
Antibiotic resistance genes were identified using ResFinder 2.1
software [11]. The minimally acceptable degree of similarity
was 90 %, the minimal overlap length was 70 %. Virulence-
associated genes and loci were identified by comparing
their sequences to the corresponding nucleotide sequences
obtained from the GenBank database [12] using BLAST
software [13].

RESULTS

We isolated 14 strains of S. epidermidis from the patients of
the Neonatal Intensive Care Unit of Kulakov Research Center
for Obstetrics, Gynecology and Perinatology. Whole-genome
sequence was run for each strain followed by sequence typing,
identification and analysis of genes associated with virulence
and antibiotic resistance. Results of genome assembly are
shown in Table 1.

Sequence typing identified 8 sequence types among the
strains. The most frequent types were ST2 and ST59 (each
detected in 4 strains). The rest 6 strains belonged to types
ST19, ST22, ST87, ST173, ST210, and ST218. All strains
belonged to known sequence types.

A summary of antibiotic resistance genes identified in
S. epidermidis is presented in Tables 2 and 3.

S. epidermidis strains were found to harbor amynoglycoside
resistance genes, namely aacA-aphD, aadD and aphA. The

most frequent of them was aacA-aphD detected in 12 strains
(strains 1-12). Gene aadD was also present in the genomes
of 5 strains (strains 1, 2, 4, 9, and 10), gene aphA — in the
genomes of 2 strains (strains 3 and 7). These genes are
believed to form a phenotype resistant to some antibiotics of
the aminoglycoside family. According to the recent studies (8],
locus aacA-aphD forms a phenotype resistant to amikacin,
gentamycin, kanamycin and tobramycin. Gene aadD mediates
resistance to amikacin, kanamycin, neomycin and tobramycin,
while gene aphA mediates resistance to kanamycin and
neomycin. A gentamycin resistance phenotype was observed
in thirteen studied strains carrying resistance genes.

The studied strains were found to carry 2 beta-lactam
resistance genes. The blaZ gene that encodes beta-lactamase
and is capable of cleaving penicillins was present in the genomes
of all studied strains. Phenotypically all strains were resistant
to benzylpenicillin. Resistance to methicillin in staphylococci
is determined by the mecA gene that encodes an alternative
penicillin-binding protein with low affinity to methicillin [1, 14].
Gene mecA responsible for methicillin resistance was found in
13 of 14 strains (strains 1-12 and 14). Phenotypically, all strains
demonstrated resistance to methicillin (cephoxitin), i. e., were
methicillin-resistant.

Of 2 known genes that mediate resistance to fusidic
acid, only one — fusB — was detected in the studied strains
(strains 2, 4-6, 9, 19). Gene fusC was absent. Of 14 strains,
10 exhibited phenotypic resistance to fusidic acid.

Some researchers demonstrated that staphylococci can
harbor vanA genes mediating resistance to vancomycin [8].
However, the strains studied in our experiments did not carry
vancomycin resistance genes (vanA, vanB and vanZ), and none
of the strains had a vancomycin-resistant phenotype.

Phenotypic resistance to lincosamides (clindamycin) was
demonstrated by 7 strains. We identified 2 genes associated
with lincosamide resistance. Gene Inu(A) was present in 4
strains (strains 1, 3, 8, 14) while gene vga(B) was found in strain
5 only. Gene vga(A) that can mediate resistance to lincosamides
was absent in the studied strains.

Among the studied strains, there were 10 with phenotypic
resistance to macrolides (erythromycin). Genomes of strains 6,

Table 1. Genome assembly of S. epidermidis strains based on whole-genome sequencing data

Strain ID Number of contigs Ger:icl)lzgi Is-npg);.th, N50, b. p. GC-composition, %
1 249 2.6 96 722 32.03
2 312 2.8 126 592 31.86
3 186 2.5 116 897 32.05
4 291 2.8 97 452 31.89
5 162 2.5 73775 32.16
6 166 2.7 140 749 31.82
7 178 2.5 105 269 32.14
8 147 2.5 62617 32.08
9 442 2.7 121229 32.04
10 529 2.8 138 397 31.80
11 192 2.6 104 362 32.03
12 183 2.6 103 850 32.02
13 110 2.5 229 537 31.94
14 211 2.6 122 737 31.96
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Table 2. Antibiotic resistance of S. epidermidis strains

Strain /sample type/
1 2 3 4 5 7 8 9 10 1 12 13 14
g B g g s 3 £ £
Antibiotic S, |8 g S g S o S g Sg Sg
2 | 8| g |s8|8| £ SE o8 | 3| =8| 8 5 St | g%
§ 13| 88|85|8| 2| 88| 85| % |85|3| % 35 | 83
Benzylpenicillin R R R R R R R R R R R R R R
Cephoxitin R R R R R R R R R R R R R R
Gentamycin R R R R R R R R R R R R R S
Clindamycin S R S R R S R R S R S S R S
Erythromycin R S R S R R R R S R R R S R
Vancomycin S S S S S S S S S S S S S S
Fusidic acid R R S R R R S R R R R R S S
Note. R — resistant strain, S — sensitive strain.
Table 3. Resistance genes in S. epidermidis
Strain /sample type/
1 2 3 4 5 6 7 8 9 10 11 12 13 14
| g |z o | 2] % 3 5 | £ | £
Resistance gene g - g% °_ g 2 g% 2% © °_ - § §€€ %%
8 g | g |8S| 38| £ | 55| 85| 8|88l 8| & | 55| &85
E ° | 88 |g% = | 2| 88| 88| @ |g° 9| 3 | 28| ¢
aacA-aphD + + + + + + + + + + + + - -
aadD + + - + - - - - + + - - - -
aphA - - + - - - + - - - - - - -
blaz + + + + + + + + + + + + + +
mecA + + + + + + + + + + + + - +
fusB - + - + + + - - + + - - - -
fusC - - - - - - - - - - - - - -
vanA - - - - - - - - - - - - - -
vanB - - - - - - - - - - - - - -
vanZ - - - - - - - - - - - - - -
Inu(A) + - + - - - - + - - - - - +
vga(A) - - - - - - - - - - - - - -
vga(B) - - - - + - - - - - - - - -
msr(A) - - - - - + + - - - + + - -
mph(C) - - - - - - + - - - + + - -
erm(A) - - - - + - - - - - - - - -
erm(B) - - - - - - - - - - - - - -
erm(C) + - + - - - + + - + - - - +
vat(B) - - - - + - - - - - - - - -
tet(M) - - - - - - - - - - - - - -
tet(K) + - - - - - + + - - - - - +
dfr(G) + - + - - - - - - - - - - -
dfr(K) - - - - - - - - - - - - - -
Sequence-type ST210 ST2 ST59 | ST2 | ST87 | ST2 ST59 ST218 | ST22 | ST2 | ST59 | ST59 ST19 ST173

Note. Symbols + and - represent the presence and absence of the resistance gene in the strain genome. Gene aacA-aphD mediates resistance to
amikacin, gentamycin, kanamycin, and tobramycin; gene aadD mediates resistance to amikacin, kanamycin, neomycin and tobramycinl; aphA mediates
resistance to kanamycin and neomycin; blaZ — to penicilins; mecA — to beta-lactam antibiotics; fusB and fusC to fusidic acid; vanA, vanB, and vanZ to
vancamycin; Inu(A), vga(A), and vga(B) — to licosamides (clindamycin); msr(A) and mph(C) — to macrolide antibiotics (erythromycin); erm(A), erm(B),
and erm(C) — to macrolide antibiotics and lincosamides; vat(B) — to streptogramin B; tet(M) and tet(K) — to tetracycline; dfr(G) and dfr(K) — to trimethoprim.
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7,11, and 12 harbored the msr(A) gene, genomes of strains 7,
11, and 12 harbored the mph(C) genes. Those genes mediate
bacterial resistance to macrolides, including erythromycin.

Of 3 genes responsible for resistance to both macrolides
and lincosamides [8, 11], 2 were carried by the studied strains.
Gene erm(C) was present in strains 1, 3, 7, 8, 10, and 14; gene
erm(A) was present in one strain (strain 5). Gene erm(B) was
absent in the studied genomes.

For an adequate therapy of S. epidermidis-associated
infections, phenotypic resistance of its strains to antibiotics
must be tested. In our work we attempted to identify genes
that mediate resistance to different groups of antibiotics. Of
particular interest are genes that determine bacterial resistance
to drugs that have not been included in treatment regimens so
far. First, there is a chance of horizontal gene transfer of mobile
genetic elements and plasmids between S. epidermidis and
other bacteria. Second, the presence or absence of resistance
genes in the genome of the studied strain makes it possible to
assess its genetic characteristics.

The vat(B) gene that mediates resistance to streptogramin
B and possibly lincosamides [8] was observed in only one strain
(strain 5). Of 2 genes conferring tetracycline resistance, only
one gene tet(K) was detected in the studied genomes (strains
1,7, 8, and 14). The other gene tet(M) was not observed in the
studied strains. Strains 1 and 3 carried gene dfr(G) associated
with trimethoprim resistance. Another trimethoprim resistance
gene dfr(K) was not present in the genomes.

Results of virulence-associated gene search in S. epidermidis
are shown in Table 4.

DISCUSSION

In spite of sequence type diversity observed in the studied
strains (8 variants were detected), 10 strains of 14 belonged
to the major clonal complex CC2. These strains belonged to
ST2, ST22, ST59 and ST87 sequence types. According to the
literature, ST59 and ST22 are the most common sequence
types of S. epidermidis circulating in the hospital environment
[2, 3]. Sequence type ST2 is an progenitor source for one
of 2 major clusters (cluster |) of the CC2 clonal complex.

Table 4. Genes associated with virulence in S. epidermidis

A multicenter study carried out by Miragaiet et al. in 2007
in 18 countries demonstrated worldwide dissemination of
S. epidermidis clonal lineages in the hospital environment
[3]. Similar results were obtained in Russia in 2013 [2]. This
prompts a supposition that types belonging to the CC2 clonal
complex have certain genetic characteristics that allow them
to circulate and persist in hospitals for a long time, such as
increased resistance to antibiotics or a special combination
of antibiotic resistance genes in chromosomal elements,
increased ability to form biofilms, etc. Further in-depth research
is required aimed to analyze genetic properties of CC2 strains
isolated from clinical samples.

The studied staphylococcal strains carry a varying range
of genes conferring resistance to antimicrobial drugs. As
confirmed by other studies [1, 6, 7, 14], different strains have
different sets of resistance genes. Penicillin resistance genes
were detected in all 14 strains (100 %); methicillin resistance
genes were detected in 13 (93 %) strains; aminoglycoside
resistance genes — in 12 strains (86 %); macrolide resistance
genes —in 10 strains (71 %); lincosamide resistance genes —in
7 strains (50 %); fusidic acid resistance genes — in 6 strains
(43 %); tetracycline resistance genes — in 4 strains (29 %);
trimethoprim resistance genes — in 2 strains (14 %). None of
the strains carried vancomycin resistance genes. Some strains
carried a set of 1 (strain 13) to 8 (strains 1 and 7) antibiotic
resistance genes.

It should be noted that the presence of a resistance gene
does not imply its expression in the amount sufficient to form a
phenotype. However, a nucleotide sequence can either directly
form a resistance phenotype or serve as a source for further
evolution that will ultimately yield phenotypic resistance.

On the other hand, resistance genes are not the only
source of phenotypic antibiotic resistance. Resistance may be
associated with modifications or inactivation of native enzymes
triggered by mutations in the native genes. For example,
staphylococcal resistance to methicillin may be associated
not only with the presence of cassette chromosome mecs
but also with modifications of the penicillin-binding protein.
Besides, reduced sensitivity to antibiotics may be a result of
increased activity of efflux pumps that pump antibiotics out of
the cell. There are other known types of antibiotic resistance

Gene
Strain ID
icaA icaD 1S256 aap embp atle aae
1 - - + - + + +
2 + + + + - + +
3 - - - + + + +
4 + + + + - + +
5 - - + - + + +
6 + + + + - + +
7 - - - + + + +
8 + + + + + + +
9 + + + - + + +
10 + + + + - + +
11 - - - + + + +
12 - - - + + + +
13 - - - + + + +
14 + + + + + + +

Note. Symbols + and — represent the presence and absence of a resistance gene in the strain genome.
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mechanisms. In this work, we did not aim to analyze nucleotide
sequences or their localization, detect mutations capable of
affecting gene expression or evaluate gene expression levels.
The presence of resistance genes positively correlated with
phenotypic resistance to antibiotics in penicillin, lincosamides,
and macrolides. Phenotypic resistance to other antibiotics was
demonstrated by those strains that carried resistance genes
and those that did not, meaning that bacteria can employ
different resistance mechanisms. Therefore, our research is
going on.

To sum up, nosocomial strains isolated from patients of the
Neonatal Intensive Care Unit of Kulakov Research Center for
Obstetrics, Gynecology and Perinatology carry a wide range of
antibiotic resistance genes.

The number of virulence-associated genes found in
S. epidermidis strains is fairly large. However, the majority
of these genes can promote both pathogenicity and
commensalism. Therefore, the presence of such genes in
S. epidermidis does not allow us to conclude whether the strain
is pathogenic or harmless [1, 14, 15]. However, we did observe
a correlation between the presence of virulence factors and
pathogenicity of nosocomial strains [16-18].

All 14 strains carried genes aae and atlE. Both of them
encode bifunctional proteins that can act as autolysins and
adhesins and participate in biofim formation. These genes
were very common for the studied S. epidermidis strains. Other
genes associated with virulence were found only in some of
the studied strains. The studied strains carried genes aap and
embp and genes icaA and icaD of the ica-operon. Gene aap
encodes protein Aap, which is the most important factor of
protein-dependent biofilm formation. Gene embp participates
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POLYMORPHISM OF THE DTXR GENE IN THE CURRENTLY EXISTING
STRAINS OF CORYNEBACTERIUM DIPHTHERIAE
Chagina IA", Perevarova YuS?, Perevarov VV?, Chaplin AV2®, Borisova OYu'?, Kafarskaia LI?, Afanas’ev SS', Aleshkin VA'

'G. N. Gabrichevsky Research Institute for Epidemiology and Microbiology, Moscow, Russia
2Pirogov Russian National Research Medical University, Moscow, Russia

The pathogenic mechanism used by Corynebacterium diphtheriae is attributed to the ability of the diphtheria toxin to disrupt
protein synthesis in human cells. Diphtheria toxin production is regulated by the DtxR protein. The latter is involved in the iron-
mediated repression of the toxin gene and coordinates activities of other genes essential for the survival of C. diphtheriae. The
DtxR-encoding gene occurs in both toxigenic and non-toxigenic strains; therefore it can be used to analyze the population
structure of the species. In our work we have studied 45 strains of C. diphtheriae isolated in the Russian Federation in
2010-2015. These strains were analyzed to reveal that gene dtxR is a highly conservative region of C. diphtheriae genome that
can be found in all members of the studied species. The majority of the discovered polymorphisms were synonymous (16 of
18 single nucleotide polymorphisms identified). In spite of the low phylogenetic signal, the allelic variant of dixR was associated
with the strain’s phenotype (biovar, toxigenicity). The obtained data indicate the presence of aggressive negative selection
aimed to maintain the existing protein sequence in the population. Based on the results, we recommend dixR polymerase chain
reaction as an additional technique for pathogen identification, which is especially relevant considering the increasing prevalence
of the disease associated with non-toxigenic C. diphtheriae strains.
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NOJINMMOP®UN3M N'EHA DTXRY COBPEMEHHbIX LULTAMMOB
CORYNEBACTERIUM DIPHTHERIAE

V. A. HaruHa', KO. C. Mepesaposa?, B. B. Mepesapor?, A. B. HannmH?==, O. HO. Bopucosa'?, J1. U. Kadapckas?,
C. C. AdpaHackes', B. A. AneLukuH'

"MOCKOBCKUI Hay4HO-MCCNEA0BATENBCKUA HCTUTYT SNUAEMUONONMN 1 MUKpobronorm nmenn I H. fabpudesckoro, Mocksa
2POCCUNCKININ HaLWMOHabHBIV MCCNEAoBaTENbCKMA MEAVLIMHCKII YHBEpCUTET UMeHn H. . Miuporosa, Mocksa

Cuuraetcs, 4to natoreHed Corynebacterium diphtheriae ocHoBaH Ha BO30ENCTBIN AMDTEPUIAHOrO TOKCMHA Ha CUHTE3 6enka
B KreTKax YenoBeka. Perynsaums crvHTesa TOKCUHA HaxoamTcs nof, KoHTponem Genka DixR. JaHHbin 6enok ocyLlecTBNsSeT
YKENe300MocpeoBaHHYO PENPECCUIO reHa ANTEPUIRHOIO TOKCKHA, a TakKe KOOPAVHUPYET paboTy MHOXECTBA APYruX re-
HOB, HEOOXOAMMbIX [N HopManbHOW Xun3HenesTensHoct C. diphtheriae. TeH, kogmpytoLmin DtxR, MOXXHO MCMonb30BaTh Ans
aHanmMsa nonysUMOHHONM CTPYKTYPbI BUAA, Tak Kak OH MPUCYTCTBYET B FEHOME Kak TOKCUMEHHbIX, Tak Y HETOKCUMEHHbIX LUTaM-
MoB. B paboTe 6bino nsydeHo 45 wrtammoB C. diphtheriae, BbloeneHHbIX Ha TeppuTopun Poccuinckon ®enepaupm B 2010—
2015 rr. AHanm3 3TUX LUTaMMOB Mokasall, YTO reH dixR 0BHapYXXMBaeTCs y BCEX NPeACcTaBUTeNel Biaa 1 SBNSETCS BbICOKO-
KOHCepBaTVBHbIM y4acTkoM reHoma C. diphtheriae. BONbLUMHCTBO BbISBNEHHBIX MOAMMOPU3MOB Oblni CUHOHUMUYHBI (16 13
18 ogHOHYKNEOTUAHBIX 3amMeH). HecMOTPS Ha HU3KUIN YpOoBEHb (OMNOreHETUHECKOro curHana, annenbHbii BapuaHT dtxR Gbin
accouMmMpoBaH C BUONOMMHECKUMI NPpU3HaKam1 LiTamma (61oBap, TOKCUreHHOCTb). [onyyeHHble faHHble CBUAETENbCTBYIOT
0 BbICOKOW aKTVBHOCTM OTpULATENbHOMO 0TOOPA, HanpaBeHHOro Ha Noaaep»KaHue B MOMynsaummn CyLLLEeCTBYHOLLIEN NOCNeaoBa-
TenbHOCTY Benka, 1 NO3BONAOT PEKOMEHA0BATL HapaboTKy dhparMeHTOB reHa dixR MeTO40M MOMMEPa3HON LIEMHOM peakLn
B Ka4eCTBe [OMOHUTENBHOrO METOAA MAEHTUDMKALMN BO3OYAUTENS, YTO OCOOEHHO aKTyallbHO B YCIOBUSIX PACTYLLEro Ymcna
3aboneBaHul, acCoLMMPOBaHHbIX C HETOKCUIeHHbIMK WiTammamu C. diphtheriae.

Kntouesble cnosa: andtepusi, Corynebacterium diphtheriae, dtxR, MynsTUNOKYCHOE CUKBEHC-TUMMPOBaHME,
METaIOPENYATOPHbIE BENKIM

®durHaHCUpoBaHue: 1CCnefoBaHVe BbINONHEHO B paMkax OTpacneBoi Hay4YHO-MCCNeaoBaTensCckor MporpaMmel PocnotpebHanaopa Ha 2016-2020 rr. «[1pob-
NIEMHO-OPVEHTUPOBaHHbIE Hay4Hble MCCRefoBaHKs B 06MacTV aMMAEMMONONMHECKOro HaaA30pa 3a UHAEKLIMOHHBIMM 1 NapasnTapHbIMK 60Ne3HIMM» MO MPo-
ektam Ne A16-116021550311-2 «/13y4eHne ponm MUKPOBMOLIEHO30B POTOMIOTKM 1 KPOBYW HYenoBeka Mpu AUTepum, KOKIIoLWeE W APYrX MHMDEKLMOHHO-BOC-
nanuTenbHbIX 3abonesaHusx» 1 Ne AAAA-A16-116101810127-7 «PagpaboTka MONeKynapHO-reHeTUHECKX METOAOB TabopaTopHOM AvarHoCTUKL AuddTepun 1
KOKJTIOLLIa».
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In spite of successful vaccination strategies, sporadic cases of
diphtheria still occur, and the infection remains a serious health
issue. Virulence of Corynebacterium diphtheriae is associated
with its ability to produce a diphtheria toxin encoded by the
tox gene [1]. lts pathogenic mechanism is based on ADP
ribosylation of the elongation factor 2 that disrupts protein
synthesis in human cells [2]. It should be noted that the
presence of the tox gene in the C. diphtheriae genome does
not necessarily confer toxigenicity. There are nontoxigenic
tox-bearing strains (NTTB strains) that have lost their ability
to synthesize a fully functional toxin following a series of
mutations [3, 4].

Although tox is a part of the phage genome, iron-mediated
regulation of toxin expression is exerted by the iron-sensing
regulator DtxR, the product of the chromosomal gene dtxR.
Thus, tox transcription directly depends on iron homeostasis,
as low iron levels trigger tox expression followed by synthesis
of the diphtheria toxin [5].

The dtxR gene is present in both toxigenic and nontoxigenic
strains [6] meaning that it has functions other than regulation
of diphtheria toxin synthesis. The DtxR regulon is reported
to contain 20 more loci, including genes responsible for
iron metabolism. To date, the DtxR protein of C. diphtheriae
is known to regulate siderophore synthesis, a high-affinity
transport system (CiuABCDEFG) and transcription of 3 loci
involved in heme-monooxygenase (hmuO) activity [1, 7]. DtxR
may also have a role in regulating bacterial virulence [7].

Microorganisms need large amounts of iron which is not so
easy to acquire. However, iron excess stimulates production
of toxic reactive oxygen species. Mammals have developed a
mechanism of nonspecific defense against infections that relies
on reducing the levels of unbound iron by specific iron-binding
proteins [8, 9].

Therefore, survival and dissemination of the pathogen in
the host depends on its ability to acquire different metal ions
from protein complexes. For that, the pathogen employs
various uptake mechanisms. Gene expression is controlled by
metalloregulatory proteins - highly conserved transcriptional
regulators [10, 11]. Once they bind to a specific metal ion,
these regulators change their conformation and trigger or
repress binding of the active site to the gene operator [12].

DtxR is a typical example of a metalloregulatory protein.
Crystallography demonstrates that in its inactive state DtxR is
a monomer that consists of two domains. A large conserved
N-terminal domain contains two binding sites for iron ions and
a helix-turn-helix motif that can bind to DNA; a smaller, less
conserved C-terminal domain resembles the SH3 domain of
eukaryotes. Ferrous ions bind to the binding sites rendering the
repressor active. Once it is activated, dimerization occurs [13].

The two DtxR domains are linked by a proline-rich peptide
segment. When the repressor is inactive, this segment binds
to the SH3-resembling domain resulting in the formation of
a prolylpeptide-SH3 complex (Pr-SH3) and stabilizing the
repressor in its inactive state. After ferrous ions bind to the
N-terminal domain triggering DtxR activation, the Pr-SH3
complex dissociates and the proline segment stabilizes helical
segments of the N-terminal domain, which leads to dimerization
of two protein subunits [14].

Considering the role of DixR in C. diphtheriae survival,
the dtxR gene must be studied to evaluate the pathogenic
potential of C. diphtheriae, elucidate dynamics of circulating
strains and assess feasibility of dixR as a target for the PCR-
based diagnosis of diphtheria or other infections associated
with nontoxigenic C. diphtheria strains. The aim of this
work was to identify genetic polymorphisms of DtxR and to

analyze the population structure of C. diphtheriae strains
circulating in Russia.

METHODS

We studied genotypic characteristics of 45 strains of
C. diphtheriae (bv. gravis and bv. mitis) isolated in 2010-2015.
The study was conducted at the Reference center for Measles,
Parotitis, Rubella, Pertussis, and Diphtheria of Gabrichevsky
Moscow Research Institute of Epidemiology and Microbiology.
C. diphtheriae strains were obtained from bacterial laboratories
of the institutions for disease prevention and centers for
hygiene and epidemiology located in 14 different regions of
Russia, where the strains had been isolated for diagnostic
or preventive screening or for the purpose of epidemiological
research. The following collection strains were used:
C. diphtheriae (State Research Center for Applied Micro-
biology & Biotechnology, Obolensk, Russia) and C. diphtheriae
PW 8 (Therapeutic Products Regulatory Research Center,
Moscow, Russia). Besides, the following strains were used
as PCR negative control, 1 strain per species: C. ulcerans,
C. pseudotuberculosis, C. amycolatum, C. glucuronolyticum,
C. xerosis, C. afermentans subsp. afermentans, C. afermentans
subsp. lipophiium, C. coyleae, C. pseudodiphtheriticum,
C. macifaciens, C. simulans, and C. durum from the collection
of Gabrichevsky Research Institute.

The strains were isolated following the guidelines of
the Laboratory Diagnosis of Diphtheria manual (Guidelines
4.2.698-98 and 4.2.3065-13). The isolates were seeded
onto the solid tellurite blood agar base containing 2 % agar
(Microgen, Russia), 10 % bovine blood (LeiTran, Russia), and
0.02 % potassium tellurite (State Research Center for Applied
Microbiology & Biotechnology, Russia). Then the cultures were
thermostated for 24-48 h at 37 °C. Morphological, toxigenic
and biochemical profiles of the grown cultures were prepared
according to Guidelines 4.2.698-98 and 4.2.3065-13
mentioned above using the biochemical test system DS-DIPH-
CORYNE (Diagnostic Systems, Russia).

Chromosomal DNA was extracted by boiling from a freshly
grown 24-hour old C. diphtheriae culture. A culture sample
was picked up with a sterile loop and suspended in 100 pl of
deionized water, incubated for 20 min at 95 °C and centrifuged.
The supernatant was used for the PCR assay.

PCR amplification of the ditxR gene of C. diphtheriae
was performed using a pair of primers to cover the
entire region of the studied gene: a previously proposed
F1  5-GGGACTACAACGCAACAAGAA-3 [15] and Ri1
5’ -TCATCTAATTTCGCCGCCTTTA-3'  designed by the
PerlPrimer application, v1.1.21 [16]. Specificity of primers
was checked using BLASTn by comparing their sequences to
similar sequences of other Corynebacterium species obtained
from the NCBI Nucleotide database.

The reaction mix contained a PCR buffer with 10 mM Tris-
HCI (pH 8.3), 50 mM KCI, 1.5 mM MgCl,, 0.2 uM of each
primer, 200 pM of each dNTP, 1 pL of the DNA solution, and
1 unit/50 pL Tag DNA polymerase (Fermentas, Lithuania).
Amplification was performed in the Tertsik amplifier (DNA
Technology, Russia) operated in the automatic mode The
amplified fragments were analyzed by 1.5 % agarose gel
electrophoresis. Sequencing of the obtained fragments was
performed by Evrogen, Russia.

C. diphtheriae strains were genotyped by multilocus
sequence typing (MLST) according to the international
protocol [17] using fragments of sequences of 7 housekeeping
genes, namely atpA (encodes the a-subunit of ATP synthase),
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dnaE (encodes the a-subunit of the DNA polymerase |l
holoenzyme), dnaK (encodes the Hsp70 chaperone), fusA
(encodes elongation factor G), leuA (encodes 2-isopropylmalate
synthase), odhA (encodes components E1 and E2 of the
2-oxoglutarate dehydrogenase complex), and rpoB (encodes
the B-subunit of RNA-polymerase). Allelic profiles were
identified for each strain.

The obtained sequences were compared to the nucleotide
sequences published in GenBank. The sequence of the ditxR
gene of C. diphtheriae PW8 was used as a reference (Genbank
NC_016789.1).

Nucleotide sequences were aligned using the MUSCLE
algorithm [18]. Polymorphisms were mapped to the protein
structure based on the PDB data. Queries to the NCBI
Nucleotide database were run using BLASTn. To identify alleles
of the housekeeping genes, the PUbMLST software was used.
To estimate selection pressure on the dixR gene, we applied
the Nei-Gojobori method and calculated the K /K, ratio, where
K, is the number of nonsynonymous substitutions per site and
K, is the number of synonymous substitutions per site [19].
Fisher’'s exact test was performed on contingency tables using
the AS159 algorithm [20] and R 3.3.2. Phylogenetic trees were
reconstructed by neighbor-joining based on the comparison
of ditxR nucleotide sequences and included sequences
of C. diphtheriae PW8, C. diphtheriae NCTC 13129 and
C. diphtheriae 178-01 (Genbank NC_016789.1, BX248353.1
and NZ_JZUJ01000001.1). Evolutionary distances were
computed using the Maximum Composite Likelihood method
[21] and scaled as units of substitutions per site. Evolutionary
analysis was performed by MEGA7 v.7.0.21 [22]

RESULTS

PCR ampilification revealed the presence of the dixR gene in
all studied toxigenic and nontoxigenic strains of C. diphtheriae.
Besides, PCR results came out negative for all allied species.
The samples of 45 C. diphtheriae strains were sequenced
and the obtained sequences were compared to the ditxR

ORIGINAL RESEARCH | EVOLUTION OF INFECTIONS

sequences retrieved from GenBank revealing polymorphisms
at 18 positions: 66, 126, 225, 273, 358, 402, 440, 474,
504,507, 516, 558, 564, 579, 639, 640, 654 and 685 (Table 1).

The majority of substitutions relative to the reference
sequence were synonymous. Specifically, the most frequent
single nucleotide substitution at position 273 of the dixR gene
did not affect the protein sequence. This substitution was
observed in 14 strains.

Polymorphisms at positions 440 and 640 that resulted in
A147V and L2141substitutions, respectively, seemed to have
no significant effect on the DtxR function. According to the 3D
protein structure published in PDB (ID 2QQ9), amino acid at
position 147 is found in the unstructured proline-rich (Pr) region.
Since this segment participates in protein dimerization, we
cannot rule out a possible effect of the amino acid substitution
on DtxR activation. It appears that substitution of leucine for
isoleucine at position 214 of the C-terminal domain does not
have any effect on protein folding because these amino acids
have similar properties. Thus, nonsynonymous substitutions
are very likely to produce no effect on the DtxR function.

Many of the identified sequence variants are well known
and were described previously by other researchers. However,
we were able to identify a new single nucleotide polymorphism
at position 358 that also has no effect on the amino acid
sequence. A nucleotide query to the NCBI Nucleotide database
performed by BLASTn returned no results.

We observed various combinations of polymorphisms
in the dtxR gene relative to the reference sequence. Based
on the discovered combinations of nucleotide sequences,
C. diphtheriae isolates were distributed into several groups
(Table 2).

More than a half (55 %) of identified nucleotide sequences
differed from the reference sequence. It should be noted
that the new substitution at position 358 was observed
in one strain only (group 5) that had the least number of
substitutions compared to the reference sequence, including
nonsynonymous polymorphisms.

Based on the alignment of dtxR sequences, we constructed
a phylogenetic tree (see the Figure).

Table 1. Frequency of nucleotide substitutions in the dtxR gene of the studied strains of C. diphtheriae relative to the strain PW8

Position of nucleotide in the dtxR gene Nucleotide substitution Encoded amino acid Amino acid substitution Number of strains
66 A-T 22 - 5
126 C-T 42 - 5
225 T-C 75 - 6
273 C-T 91 - 14
358 T-C 120 - 1
402 T-A 134 - 1
440 C-T 147 Alanine (A) - Valine (V) 6
474 C-T 158 - 6
504 T-A 168 - 6
507 C-T 169 - 6
516 T-C 172 - 6
558 C-T 186 - 2
564 T-A 188 - 6
579 C-T 193 - 2
639 C-T 213 - 4
640 C-A 214 Leucine (L) - Isoleucine (1) 2
654 T-C 218 - 2
685 C-T 229 - 1
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Table 2. Combinations of polymorphisms of the dtxR gene in C. diphtheriae strains

Group of strains o'\flus?:sii; Position of nucleotide in dtxR nucleotide sequence

(n=45) 66 | 126 | 225 | 273 | 358 | 402 [ 440 | 474 | 504 | 507 | 516 [ 558 | 564 | 579 | 639 | 640 | 654 | 685

1 20 (44 %) B « N N « * B . B * « B B « N B N *

2 5 (11 %) B T « N « . B « « x . * B « « B « B

3 9 (20 %) « « « T « « « « « x « « « « « « « «

4 5 (11 %) « N c T « « N « « N « « N N T « « «

5 12 %) * * o] * C A T T A T o] T A T T A C T

6 12 %) T * * * * * T T A T (¢} T A T T A (¢} *

7 49 %) T * * * * * T T A T (¢} * A * * * * *
eforence - Alc|T|c|T|Tt|c|lec|t|lc|T|lc|T]c|c|c]|T]|C

Note. * — a match with the reference; T, A — polymorphism with amino acid substitution.

The branching order is an approximation to some extent,
due to the similarity of the analyzed sequences and hence a
weak phylogenetic signal. The tree in the dendrogram is not
rooted due to the lack of possibility to select an appropriate
outgroup.

We also analyzed correlations between group composition
and toxigenicity, biovars and sequence types (ST) determined
by MLST (Table 3). Profiles of NTTB strains were previously
described in [23].

Based on the distribution of toxigenic and nontoxigenic
strains of different biovars with regard to the allelic variants
of dtxR, Fisher's exact test was performed. The test was
performed on 2 x 7 contingency tables to examine the
association between a biovar type and the allelic variant of dtxR
(p =0.00078) and on 3 x 7 contingency tables to examine the
association between toxigenicity and the allelic variant of dtxR
(p = 2.8:10°. The obtained results prompt us to conclude
that the associations between a biovar type/toxigenicity and
the allelic variant of dixR are not accidental and implicate a
phylogenetic signal — a sum of associations between the allelic
variant of the gene and biological characteristics of the strains.
Distribution of sequence types was nonuniform, identical
sequence types were rarely found in one group.

To assess selection pressure on the dixR gene, we
calculated the K /K ratio (0.0526). The obtained value (K/K,
< 1)indicates a strong negative selection, i.e., selection pressure
is aimed at maintaining the current protein sequence [24].

DISCUSSION

Our study confirmed the essential role of DixR in the viability
of toxigenic and nontoxigenic strains of C. diphtheriae. The
observed polymorphisms provide new information of the
variability of its strains in Russia. dixR-related nucleotide
and amino-acid substitutions were studied previously under
various conditions with regard to diphtheria dissemination
[25-27]. This work was conducted against the background of
sporadic incidence. We performed a comprehensive analysis
of nucleotide sequences and assessed their correlation with
strain toxigenicity, biovars and sequence types. This approach
allowed us to better understand the structure of the population
of currently circulating C. diphtheriae strains.

The hypothesis about the significant effect of horizontal
gene transfer on the structure of C. diphtheriae population
was discussed earlier [17]. There are works describing transfer
mechanisms for genes conferring antibiotic resistance [28] and
virulence [29]. Components of the DixR regulon may vary in

different strains of C. diphtheriae due to the loss, acquisition,
or partial deletion of genes responsible for iron provision and
hence tox expression [1, 30]. The discovered correlation
between a sequence type and the allelic variant of dtxR proves
the idea that homologous recombination in C. diphtheriae
does not completely block the phylogenetic signal [17]. At the
same time, the analysis of the population structure did not
reveal any direct correlation between a biovar and the dtxR
allele meaning that there is no phylogenetic basis for such
classification, which is mainly determined by the frequency of
horizontal gene transfer [31].

Less than a half (45 %) of the studied sequences were
found to be identical to the reference sequence. Of 13
polymorphisms, only 1 was identified as new (position 358),
but it did not affect the amino acid sequence. The most
frequent was the synonymous polymorphism at position 273
observed in 14 strains. Our work demonstrates that Russian
strains carry a smaller range of variants of the primary DixR
structure [26, 27].

It should be noted that although dixR affects bacterial
resistance to oxidative stress, under normal conditions it is
not a critical gene for C. diphtheria [32], as was proved in
the experiment with the mutant DtxR-defective strain [33].
However, we did not observe any significant changes in
the studied sequences that could result in the synthesis of

Group 1

Group 5

178-01
NCTC 13129

0.0020

The phylogenetic tree of C. diphtheriae strains based on the dtxR gene
sequences

The tree is scaled to 0.1 substitutions per 200 b. p.; branch lengths correspond
to the evolutionary distances used to construct the tree. Sequences within
groups are identical.
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Table 3. Group composition according to polymorphism combinations in the dtxR gene of C. diphtheriae strains
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Group Number qf substitutlions in dixR Number of strains Biovar ) Toxigenicity. Sequence type
relative to strain PW8 (number of strains) (number of strains)
notoxigenic (15) *
1 - 20 mitis (18), gravis (2) NTTB strains (3) 76
toxigenic (2) 5, 46
2 1 5 mitis NTTB strains 40
3 1 9 gravis (1), mitis (8) toxigenic (8) 25
notoxigenic (1) 123
4 3 5 mitis toxigenic 28, 67
5 15 1 mitis notoxigenic -
6 12 1 gravis toxigenic 8
7 7 4 gravis toxigenic 8

Note. * — MLST non performed, — — ST not found in the database.

a functionally inactive protein. There were two nucleotide
polymorphisms that did result in amino acid substitutions,
but the analysis of PDB data showed that those substitutions
did not affect protein folding. Perhaps, functionally important
polymorphisms of the dixR gene may impair strain adaptation
to the mammalian host limiting distribution of alleles that lead to
the synthesis of the defective protein among the C. diphtheriae
population. The value of the K /K ratio proved that DtxR is
controlled by the stabilizing selection.

The pathogenic potential of C. diphtheriae does not always
depend on strain’s ability to produce the diphtheria toxin. For
example, nontoxigenic strains of C. diphtheriae are becoming
an increasing source of severe infection causing endocarditis
[34], arthritis [35] and osteomyelitis [36]. Nontoxigenic strains
are especially dangerous for patients with compromised
immunity [37, 38]. This necessitates a more comprehensive
approach to C. diphtheriae identification as currently existing
methods are aimed at detecting toxigenic strains only.

Our findings confirmed the presence of the ditxR gene
in both toxigenic and nontoxigenic strains of C. diphtheriae
proving the feasibility of PCR-based identification proposed
earlier [39]. Sequencing demonstrated that polymorphisms
occurred mainly in the C-terminal domain of DtxR [15].
However, nucleotide substitutions were also observed in other
gene regions (positions 66, 126, 225, 273, and 358). One
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AMINOPYRIDINE- AND AMINOPYRIMIDINE-BASED SERINE/THREONINE
PROTEIN KINASE INHIBITORS ARE DRUG CANDIDATES FOR TREATING
DRUG-RESISTANT TUBERCULOSIS

Maslov DA, Bekker OB, Alekseeva MG, Kniazeva LM', Mavletova DA, Afanasyev II?, Vasilevich NI?, Danilenko VN'22
" Laboratory of Bacterial Genetics, Department of Genetics and Biotechnology,

Vavilov Institute of General Genetics of RAS, Moscow, Russia
2Novie Nauchnie Tekhnologii Ltd., Moscow, Russia

Tuberculosis (TB) is the world’s deadliest bacterial infection. Its causative agent Mycobacterium tuberculosis evolves into
rapidly spreading multidrug-resistant and extensively drug-resistant (MDR and XDR) strains, which complicates the treatment.
Therefore, the use of novel target-specific chemical compounds is crucial for the development of effective antituberculosis
agents. Serine/threonine protein kinases (STPKSs) of M. tuberculosis are currently considered as attractive drug targets. In turn,
aminopyridines and aminopyrimidines that have not been used for TB treatment so far exhibit inhibitory activity towards STPKs.
In this study we screened 192 aminopyridine- and aminopyrimidine-based compounds using the Mycobacterium smegmatis
aphVIlil+ test system designed to screen for active STPKs inhibitors. First, we selected 53 compounds with subinhibiting
concentrations of up to 100 nmol/disk. Of them, 22 showed STPKs-inhibiting activity in the test system, which was confirmed
in vitro on the M. tuberculosis PknA protein with a maximum of 26.9 + 6.1 %. Toxicity testing was performed in vitro on human
embryo fibroblasts using the MTT-assay. Ultimately, 3 relatively active and relatively non-toxic STPKs inhibitors were selected
for further research as drug candidates for MDR-TB treatment.

Keywords: tuberculosis, multidrug resistance, serine/threonine protein kinases, aminopyridines, aminopyrimidines, inhibitors,
Mycobacterium tuberculosis, Mycobacterium smegmatis, aphVIll
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MHTMMBUTOPbLI CEPUH-TPEOHNHOBbIX MPOTEUHKNHA3 KITACCOB
AMUHoONnMPMAnNHOB U AMMHONMNPUMUWONHOB — KAHOWUOATDI

B MPEMAPATbI AJ19 NEYEHUA NEKAPCTBEHHO-YCTONYMBbIX
®OPM TYBEPKYJIE3A

0. A. Macnos', O. b. bekkep', M. I. Anekceesa', /1. M. Knagesa', [1. A. MaenetoBa', /. 1. AcdaHacees?, H. . Bacunesu+?,
B. H. daHnneHko™

" NabopaTopust reHeTVKN MUKPOOPraHn3aMoB, OTAeN reHeTUHECKMX OCHOB BUOTEXHONOT M,
VIHCTUTYT 06LLein reHeTnkn nmenn H. 1. Basunosa PAH, Mocksa

2000 «HoBble Hay4Hble TexHomnornm», Mocksa

Tybepkyne3 — camasi CMepTOHOCHas bakTepuanbHas MHEKUMS U3 N3BECTHBIX YEIOBEKY, MNP 3TOM €€ NeHeHNEe OCIOXKHE-
HO MOSABIEHMEM U ObICTPbIM PACAPOCTPAHEHMEM LUTAaMMOB BO30yauTens, Mycobacterium tuberculosis, ¢ MHOXXeCTBEHHOW
1 LUMPOKOW NekapCTBEHHOM ycTom4mBocTbio (MJTY 1 LLIJTY). B pesynsraTe rmasBHbIM TpeboBaHeM K pa3pabdaTbiBaeMbiM MPO-
TVBOTY6EPKYNE3HBIM MpenapaTam SBASETCSA NCMOMb30BaHVE HOBbIX KIACCOB XMMNYECKIX COEAVNHEHNI, MOPaXKAIOLLMX HOBbIE
Brommenn. CepuH-TPEOHMHOBbIE NPOTeNHKMHA3b! (CTTK) — nepcnexkTBHbIE MULLIEHW, & aMUHOMPUAMHBI I aMUHOMPU-
MUOMHbI, PaHee He MPVYMEHSBLUMECS B Ka4eCTBEe MPOTUBOTYOEPKYE3HbIX MPENapaToB, UMEKOT NMPEeAcKa3aHHy aKTUBHOCTb
B oTHoweHun CTIIK. B nanHom pabote B TecT-cucteme Mycobacterium smegmatis aphVill+, npegHasHa4eHHOM ons otbopa
HrMbutTopos CTTK Ha KNETOYHOM YPOBHE, Obli MPOBEAEH CKPUHVHE 192 coeaVHEHMI ABYX yKa3aHHbIX knaccos. CHavana
oTobpann 53 coeaHeHVs C CyOUHIMBMPYIOLLEN KOHLIEHTpaurern 0o 100 HMonb/anck. M3 Hux 22 coegmHeHrst MposiBuam
aKTVBHOCTb B TECT-CUCTEME Kak UHrMbuTopbl CTIK, koTopas bbina noaTeep)xaeHa in vitro Ha 6enke PknA M. tuberculosis
(HavBbICLLIEE 3HAYEHME NoKa3aTensd HMobMpoBaHa — 26,9 + 6,1 %). Takke 0TobpaHHbIE COEAVHEHNSA TECTUPOBAIN Ha TOK-
CW4HOCTB /N Vitro Ha kneTkax (hubpobnacTtoB amMOproHa YenoBeka ¢ ncrnonb3osaHnem MTT-TecTa. B pe3ynsraTte ana ganbHen-
LLUINX VCCNENOBaHNIN B KAYECTBE HOBbIX MpenapaTtoB Ans 60pbbbl ¢ MITY-Ty6epkyne3om bbinm 0Tobparbl 3 Hrbutopa CTIK
C OTHOCUTENBHO BbICOKOW aKTUBHOCTBIO U1 OTHOCUTENBHO HU3KOW TOKCUHHOCTBIO.

KnioueBble cnoBa: TyOepKynes, MHOXECTBEHHAs IEKAPCTBEHHAA YCTOMYMBOCTb, CEPUH-TPEOHWHOBbIE MPOTEVHKNHA3bI,
aMUHOMVPUAVHBI, aMUHOMMPUMUANHBI, MHIMOUTOPBI, Mycobacterium tuberculosis, Mycobacterium smegmatis, aphVIil
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At present, tuberculosis (TB) is one of the deadliest infections
accounting for 1.4 million deaths and 10.4 incident cases every
year [1]. Its treatment is seriously complicated by increasingly
emerging multidrug-resistant (MDR) strains of its causative
agent Mycobacterium tuberculosis, i. e. strains resistant to
the most effective and lowly toxic first-line drugs rifampicin
and isoniazid [2]. This necessitates the use of more expensive
and toxic second-line drugs [3]. A particular case of MDR is
extensive drug-resistance (XDR), i. e. MDR aggravated by
resistance to at least one of fluoroquinolone antibiotics and
any of the second-line injectables (amikacin, kanamycin or
capreomycin) [3]. Recently, there have been reports in Iran,
India and South Africa of M. tuberculosis strains resistant to all
known first- and second-line drugs (referred to as totally drug-
resistant forms) [4—6]. Russia and former Soviet republics are
among countries with the highest MDR-TB burden [7]: MDR is
observed in one in every five incident cases, and every second
patient with previously treated TB has MDR [1].

The era of antibiotics, i.e. the last 50 or 60 year, is marked
directional selection of drug-resistant M. tuberculosis strains.
Given that normal rate of random mutations is 1010 per
cell division, it should be highly improbable for MDR to develop,
considering the use of combination therapy. However, there
are a number of factors that contribute to MDR development:
monotherapy resulted from poor drug supply, inadequate
or ineffective chemotherapy regimens, and patient’s non-
compliance with the treatment [8]. Repeated and prolonged
use of the same drugs also has its impact: bedaquiline is the
first new anti-TB drug introduced in clinical routine over the
past 40 years [9].

Advances in TB treatment depend on the discovery of new
drugs capable of affect new biotargets to circumvent current
resistance mechanisms. Serine/threonine protein  kinases
(STPKs) are attractive targets as they are universal regulators
of the cell cycle in pro- and eukaryotes. In particular, these
enzymes regulate growth, cell division, virulence, persistence,
and intrinsic antibiotic resistance in mycobacteria [10-14].
An ability to selectively inhibit STPKs has been shown for
aminopyridine- and aminopyrimidine-based compounds [15];
they have not been used for TB treatment before, therefore there
are no mutant strains with resistance to these compounds.

Previously we have developed and valdated a
Mycobacterium smegmatis aphVlll+ test system aimed
to screen for active inhibitors of mycobacterial STPKs, in
particular PknA of M. tuberculosis [16]. This work aimed to
select active STPK inhibitors from a number of aminopyridine-
and aminopyrimidine-based compounds as potential drugs
candidates for MDR and XDR-TB treatment.

This article was crafted from a PhD dissertation in biology
defended by one of the authors in December, 2016 [17].
The results presented in the dissertation have not been
previously published elsewhere, and the authors believe they
are quite important and should be shared with the scientific
community.

METHODS

Bacterial strains and growth conditions

Strains used in this work were Escherichia coli BL21 (DE3)
pLysS and M. smegmatis mc? 155 E. coli were cultured in LB
media (Amresco, USA); M. smegmatis were cultured in Lemco-

Tw media (5 g/l Lemco Powder, 5 g/I NaCl, 5 g/l bacto peptone,
0.05 % Tween-80). Cultures in liquid media were incubated in

BULLETIN OF RSMU |1, 2017 | VESTNIKRGMU.RU

OPUIMHANBHOE VCCIELOBAHME | 9BOIOLNA NHOEKLIIA

the Multitron incubator shaker (Infors HT, Switzerland) at 37 °C
and 250 rpm. Solid culture media contained 2.0 % agar. The
culture medium used in the test system was M290 Soyabean
Casein Digest Agar by HiMedia, India.

Protocol for testing compounds in M. smegmatis aphViil+ test
system

M. smegmatis aphVlll+ culture was diluted 1 : 9 : 10 (culture :
water : M290 medium) and seeded over the base agar layer
on Petri dishes. The culture medium was supplemented with
50 pg/ml of hygromycin and 10 ng/ml tetracycline. The dishes
were allowed to dry; then paper discs were placed inside
the dishes, impregnated with either a studied compound or
kanamycin or a combination of both. The dishes were then
incubated at 37 °C until the bacterial lawn was formed. Then
growth inhibition halos were measured. All experiments were
conducted in 3 to 5 replicates [16].

Purification of M. tuberculosis PknA and AphVIll proteins

Synthesis of the M. tuberculosis pknA gene was performed by
Evrogen (Russia). For more efficient expression in E. coli, the
gene was codon-optimized. pknA was synthesized and cloned
into pET-32a expressing vector. Plasmid DNAs containing pknA
and aphVIll (pET16b-aphVIll) genes [18] were transformed
into the E. coli BL21 (DES3) plLysS strain by calcium chloride—
mediated transformation [19]. Overnight expression of the gene
was induced by 1mM isopropyl-B-D-thiogalactopyranoside
(IPTG; Anatrace, USA). Proteins were purified using the Ni-NTA
Fast Start Kit (Qiagen, USA).

In vitro kinase assay

Inhibiting activity of aminopyridine- and aminopyrimidine-based
compounds against PknA and AphVIll was assessed by the
kinase reaction using Kinase-Glo Plus Luminiscent Kinase
Assay Kit (Promega, USA) and the Biomek 3000 workstation
(Beckman Coulter, USA); the technique applied was previously
described by Baki et al. [20]. Substrate-level phosphorylation
was estimated indirectly by measuring luminescence of
residual ATP. Oligopeptide IVDAELTGEIPIl was used as a PknA
substrate, and kanamycin was used as an AphVIIl substrate.
Reaction was performed overnight in the working solution
containing 15 mM HEPES (pH 7.4), 20 mM NaCl, 10 mM
MgCl,, 0.5 mM EDTA, 0.02 % Tween-20, and 0.1 mg/ml BSA.

The reaction mix (45 pl) for PknA kinase assay contained
3 g protein, 5 uM ATP, and 50 ug substrate.

The reaction mix (45 pl) for AphVIII kinase assay contained
50 ng protein, 10 uM ATP, and 5 g substrate.

Cytotoxicity of compounds

Cytotoxicity of aminopyridine- and aminopyrimidine-based
compounds was estimated by the MTT assay using human
embryonic fibroblasts derived from fetal skin and muscles
(HEF-4). Cell viability was estimated by color development
accompanying tetrazole reduction to formazon by
mitochondrial dehydrogenases. Measurements were recorded
on the Beckman Coulter DTX 880 Multimode Detector (a plate
reader by Beckman Coulter, USA) at excitation wavelength of
595 nm. Absorbance from the wells of cells cultured with the
control media was taken as 100 % [21].
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RESULTS

Screening for active STPK inhibitors in the M. smegmatis
aphVill+ test system

Using the disc method, we selected a number of aminopyridine-
and aminopyrimidine-based compounds that exhibited STPK-
inhibiting activity in the M. smegmatis aphVlll+ test system
validated earlier.

The test system employs the following principle:
STPK MSMEG_5513 phosphorylates APHVIII  protein in
M. smegmatis cells enhancing their resistance to kanamycin.
After an MSMEG_5513 inhibitor is added to the system,
APRVIII phosphorylation decreases and the activity of the
enzyme diminishes reducing resistance of bacterial cells to
kanamycin. The intrinsic antimicrobial activity of the inhibitor is
determined by its ability to inhibit another STPK: MSMEG_0030
(ortholog of M. tuberculosis PknA), a vitally important protein
for mycobacteria, and possibly some other targets. In our
experiment reduced resistance to kanamycin was expressed
as a larger growth inhibition halo around the disc impregnated
with a combination of kanamycin and an active STPK inhibitor,
compared to the halo around the disk treated with kanamycin
only (Fig. 1) [16].

One of the selection criteria for compounds in the
M. smegmatis aphVlll+ test system was their subinhibiting
concentration. For 53 compounds it was as low as 100 nmol/
disc or less, while the rest of the compounds did not have any
antibacterial effect on M. smegmatis at this concentration. The
selected compounds were tested in the test system. STPK
inhibitor LCTA-1389 (11b) [22, 23] was used as a positive
control. BisV, the inactive analog of standard STPK inhibitors
from the indolyl maleimide family [24], was used as a negative
control.

For 22 studied compounds, in solid media a bacterial
growth inhibition halo around the discs treated with both
kanamycin and an STPK inhibitor was significantly larger than
around the discs treated with kanamycin only. The following

20
18
16
14
12

10

Growth inhibition halo diameter, mm

N EN o
| | 1
——

“hit” compounds were selected for further testing of their
potential as mycobacterial STPKs inhibitors (Fig. 2): 18, 198,
1e11, 1g11, 1h11, 1a12, 1c8, 2f4, 2c3, 2¢6, 2a3, 2a4, 2a7,
2h11, 2h12, 2d3, 2d11, 2b4, 2b5, 2e12, 2g12, 2h12.

Inhibiting activity of selected compounds against
M. tuberculosis PknA protein in vitro

The above listed compounds were tested for their ability to
inhibit M. tuberculosis STPK PknA in vitro at concentrations
of 200 uM (inhibitor : target molar ratio of 154 : 1). LCTA-1389

Kan®

;

APRVIII

STPK inhibitor

MSMEG_0030
(PknA

Kan®

Cell death

Fig. 1. Principle of Mycobacterium smegmatis aphVlil+ test system

Kan® — increased resistance to kanamycin, Kan® — reduced resistance to
kanamycin, STPK — serine/threonine protein kinase. Detailed description is
provided in the article.
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km350

11b 400+Km
BisV 2+Km
1a6 10+Km
1a11 10+Km
1a4 100+Km
1a12 100+Km
1b2 100+Km
1b5 100+Km
1¢8 100+Km
1c12 100+Km
1d2 100+Km
1d4 100+Km
1d5 100+Km
1d6 100+Km
1d10 100+Km
1e11 100+Km
1f8 100+Km
198 100+Km
1g11 100+Km
1h5 50+Km
1h11 50+Km
2F11 5+Km
2H11 5+Km
2A3 10+Km
2C11 10+Km
2D11 10+Km
2E4 10+Km
2E6 10+Km
2E11 10+Km
2B12 10+Km
2G5 10+Km
2G11 10+Km
2H4 10+Km
2A12 20+Km
2C3 20+Km
2C5 20+Km
2G2 20+Km
2G3 20+Km
2F2 20+Km
2F3 20+Km
2F4 20+Km
2A4 25+Km
2A5 25+Km
2E2 25+Km
2A7 50+Km
2B4 50+Km
2B5 50+Km
2C6 50+Km
2D3 50+Km
2D4 50+Km
2D12 50+Km
2E12 50+Km
2G6 50+Km
2G12 50+Km
2H12 50+Km

Samples
Fig. 2. Diameter of bacterial growth inhibition halos around discs impregnated with aminopyridine- and aminopyrimidine-based compounds

The compounds were tested in the Mycobacterium smegmatis aphVill+ test system at subinhibitory concentrations (nmol/disc; specified near the sample name) that
do not produce a bacterial growth inhibition halo. Error bars represent standard deviation. Selected compounds are shown in red.
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(11b) and BisV were used as positive and negative controls,
respectively. Results are shown in Fig. 3. All compounds
exhibited inhibiting activity similar to that of a positive control or
higher, as in the case of two compounds: 1H11 (26.9 + 6.1 %)
and 2G12 (23.2 + 2.0 %).

All of these compounds were tested at the same molar ratio
(inhibitor : target) for their ability to inhibit phosphotransferase
activity of APHVIII in vitro to make sure their activity in
M. smegmatis aphVill+ system was selective. Results were
negative in all cases, i. e. activity of the compounds in the
test system was determined by their ability to inhibit STPKs of
M. smegmatis only and not the APHVIII protein.

Cytotoxicity of selected compounds

Cytotoxicity of the selected compounds was tested on HEF-4
cells. Based on the results, the compounds were divided into
three groups: highly toxic (< 10 pg/ml; 1F8, 1G11, 2D11, 2F4,
2C3, 2A83, 2H11); moderately toxic (10-50 ug/ml; 1E11, 1G8,
1H11, 2D3, 2E12, 2G12, 2A4, 2A7); and low toxic (> 50 pg/
ml; 2C8).

DISCUSSION

In the age of emerging antibiotic resistance of M. tuberculosis
strains, effective drugs for TB treatment must meet two basic
requirements: a novel mechanism of action and low toxicity.

In the past 15 years, development of antibacterial
drugs, including antimycobacterial agents, was based on
the biochemical targeted selection of compounds inhibiting
essential bacterial enzymes. This concept had certain limitations
when applied to M. tuberculosis: the overwhelming number of
the compounds that were supposed to have anti-TB potential
did not have any effect on the bacterial cell for a number of
reasons, such as poor permeability of the bacterial cell wall
[25]. So researchers went back to using a rapidly growing
M. smegmatis in screening tests because its cellular wall is
similar to that of M. tuberculosis in terms of permeability. This is
how bedaquiline was discovered [26]. However, this approach
dictates a need for further validation of a drug target [27].

The M. smegmatis aphVlll+ test system was designed to
select candidate compounds based on their antimycobacterial
effect and target specificity [16]. The latter was confirmed
in vitro for the compounds selected in our experiment. However,
a limitation of our study is the lack of possibility to determine
a half maximal inhibitory concentration IC,,, which might be
related to the low activity of the purified thioredoxin fusion PknA
protein. A large amount of protein in the reaction mix dictated
a need for the analysis of maximal soluble concentrations of
the tested compounds. However, the inhibiting activity of
the selected compounds that was similar or even superior
(TH11 and 2G12) to that of the positive control [22, 23] and

a previously demonstrated inhibiting activity of aminopyridine-
and aminopyrimidine-based compounds against STPKs [15]
allow us to hypothesize that these compounds may be used
as effective STPK inhibitors.

Based on screening results, we have selected three
compounds as potential drug candidates that exhibited the
highest activity in the M. smegmatis aphVill+ test system,
on the PknA protein in vitro, and the lowest toxicity against
human cell culture (Fig. 4). The most active compounds 1H11
and 2G12 were classified as moderately toxic. However, it
should be noted that our screening was only the first step in
the selection of “hits”, which could be further optimized to
enhance their effect or reduce toxicity. Their activity must be
tested on M. tuberculosis; acute and chronic toxicity must be
assessed in vivo. These compounds must also be tested on
human STPKs to make sure their activity is selective.

CONCLUSIONS

We have demonstrated feasibility of developing a new
aminopyridine- and aminopyrimidine-based drugs for MDR
and XDR TB treatment. Further tests of the selected “hits”
(1E11, 2C6, 2G12) are required to assess and optimize their
antimycobacterial activity against M. tuberculosis and reduce
toxicity.
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Fig. 3. Inhibition of phosphorylating activity of Mycobacterium tuberculosis PknA
in vitro by compounds selected by the Mycobacterium smegmatis aphVill+ test
system

Error bars represent standard deviation. Positive control is shown in green. The
most active compounds are shown in red.
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Fig. 4. Chemical structures of aminopyridine- and aminopyrimidine-based compounds selected as potential antituberculosis agents
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MIRU-VNTR GENOTYPING OF MYCOBACTERIUM TUBERCULOSIS
CLINICAL ISOLATES FROM MOSCOW REGION

Shur KV, Maslov DA, Bekker OB, Danilenko VN =

Laboratory of Bacterial Genetics, Department of Genetics and Biotechnology,
Vavilov Institute of General Genetics of RAS, Moscow, Russia

Antibiotic selection pressure, genetic polymorphism as well as diversity of the immune status of the host and other selection
factors continuously prompt Mycobacterium tuberculosis, the tuberculosis causative agent, to evolve. Significant or insignificant
mutations shape new (sub)lineages of the pathogen whose evolution can be understood only through analyzing and monitoring
its genotypic diversity and properties of its lineages. In our study we used a set of 46 M. tuberculosis clinical isolates from
Moscow region. The samples were typed using the standard 24-loci MIRU-VNTR technique. Beijing family isolates were shown
to prevail in the collection (60.9 %), as well as Beijing-B0/W148 subtype (60.7 % of total Beijing type samples); most of them
(88,2 %) were multidrug-resistant resistant. The applied technique allowed us to detect one case of a mixed-strain infection.
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FEEHOTUMNPOBAHWUNE KITMHUYECKNX U30JTATOB MYCOBACTERIUM
TUBERCULOSIS, BblOEJIEHHBIX B MOCKOBCKOM PEIMMOHE,
METOAOM MIRU-VNTR

K. B. LLyp, . A. Macnos, O. b. Bekkep, B. H. Jarunerko =

JlabopaTtopust reHeTVIKM MUKpoopraHnamMos, OTAEN reHeTUHECKX OCHOB BUOTEXHONOT K,
VIHCTUTYT 06Lein reHeTnkn nmenn H. 1. Basnnosa PAH, Mocksa

Mop BO3OENCTBYEM Pa3NYHbIX CENEKTUBHBIX (DAaKTOPOB (MPUMEHEHNE aHTUONOTUKOB, MEHETUHECKUIA MOMMMOPGU3M 1 pas-
HoO6pa3ne MMMYHHbIX CTaTyCOB X03saMHa 1 Ap.) BO3OyauTens Tybepkynesa Mycobacterium tuberculosis MOCTOSIHHO 9BOSTHO-
LMOHNPYET. BO3HMKAOT HOBbIE NIMHNW 1 CYBRMHIM, XapakTepU3ytoLLmecst HAOOPOM 3HAYUMbIX U HE3HAYUMBIX MyTaLmin. AHanma
N MOHWUTOPVHI NPEeACTaBAEHHOCTY Pa3IyYHbIX SIMHUA U X OCODEHHOCTEN SBMSETCS BaXKHbIM 451 MOHMMAaHNS 3BOSIHOLMM
natoreHa. B gaHHon paboTte 6bla ncnonb3oBaHa KOMnekumst n3 46 KIMHUHECKUX M3onaToB M. tuberculosis, BblOENEHHbIX
B MOCKOBCKOM pervioHe. bbina onpefeneHa nx reHoTMnnyeckast MPYHaANEXXHOCTb K PasIYHbIM JIMHUSAM U CYONIMHUAM TU-
nuposaHuem no 24 nokycam MIRU-VNTR. Bbino nokasaHo npeobnapaHue n3onatos nuHum Beijing B konnekuun (60,9 %)
1 n3onatoB cybnmHnm Beijing-BO/W148 (60,7 % BHyTpu nmHnm Beijing), XapakTepu3ayoLLmMXCS MHOXXECTBEHHOW NEKapCTBEH-
HOW YCTOM4YMBOCTHIO (88,2 % M30MSTOB B O@HHOW BbIOOPKE). TakKe MCMOb30BaHHbI METOL, MO3BOMNA OMPEQENUTL OaMH
npegnonaraemMblii Cyyam CMeLIaHHON MHDEKUMN.

KnroueBble cnoBa: Mycobacterium tuberculosis, reHoTUNMpoBanHne, punoreHeTrka, snaemnonorus, Beijing, MIRU-VNTR

®duHaHcupoBaHue: paboTa BbiNonHeHa B pamkax ABYCTPOHHEro npoekTa Poccuiickoro doraa pyHaameHTanbHbix ccnenoanunii (Ne 13-04-91444 «ToKCUHbI-
aHTUTOKCUHBI 1 RPSA B NEKapCTBEHHOWM YCTONHYMBOCTI U MEPCUCTEHLMN MUKODaKTEPUI TyBepKynesa»).

BnaropapHocTu: aBTOpbl HGMarofapsT KOMMEKTUB OTAeNa MUKPOOMONorin LIeHTpanbHOro Hay4HO-UCCNeRoBaTENsCKOro MHCTUTYTa Tybepkynesa (Mocksa)
1, B 4aCTHOCTW, A. 6. H. Jlapucy YepHoycoBy 3a NMOMOLLb B CO30aHWN KOMNEKLMM KITMHUYECKMX 13onaToB M. tuberculosis.

><1 Ans koppecnonaeHumn: [daHnneHko Banepwin Hikonaesmy
yn. IybkuHa, a. 3, . Mockea, 119333; valerid@vigg.ru

Cratbsi nonyyeHa: 01.02.2017 CtaTbs npuHsATa K nevatu: 24.02.2017

Drug resistance of Mycobacterium tuberculosis, the causative
agent of tuberculosis, is a major issue in the treatment of this
infection. In Russia its annual incidence is estimated as 80
cases per 100,000 population (or a total of 115,000 cases per
year). In 20 % of new cases and 50 % of relapses reported
in Russia, patients are infected with multidrug-resistant (MDR)
strains [1]. Therefore, improvement of treatment strategies

largely relies on the identification and study of the most prevalent
M. tuberculosis strains circulating in the country.

M. tuberculosis population can be divided into a number
of major lineages; each lineage is geographically associated
[2] and carries certain phylogenetic markers that shape the
phenotype of the strain [3]. Members of the Beijing family are the
most prevalent lineage in Russia; they are highly transmissible
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and virulent, have a higher mutation rate and other properties
contributing to their dissemination [4].

Recent research conducted in Russia [5] identified a
Beijing-B0/W148 variant of the Beijing lineage. These strains
exhibit increased virulence in comparison with the progenitor
Beijing family and are multidrug-resistant (there are almost
no drug-sensitive strains within this sublineage). Mokrousov
et al. called Beijing-BO/W148 “a successful clone” of
M. tuberculosis [5].

The lineage of the M. tuberculosis strain/isolate can be
determined using a variety of genotyping methods, such as
the IS6110-based restriction fragment length polymorphism
(RFLP) analysis, spoligotyping [6], differentiation based
on the use of single nucleotide polymorphisms (SNPs) of
housekeeping genes [7] and type Il toxin—antitoxin systems [8].
These methods are different in terms of labor intensity, cost
and their discriminatory power. One of the fastest and cheapest
methods that nevertheless has a good discriminatory ability is
molecular genotyping based on the variable number tandem
repeat analysis targeting mycobacterial interspersed repetitive
units (MIRU-VNTR) [9].

Previously we analyzed a collection of 64 M. tuberculosis
isolates from patients of the Central Research Institute for
Tuberculosis, Moscow. Spoligotyping revealed that 70.3 % of
the isolates belonged to the Beijing lineage [10]. To estimate the
proportion of “successful clones” (Beijing-B0/W148) among
Beijing strains and to identify the phylogenetic structure across

NJ-Tree, MIRU-VNTR [24): Categorical (1), Spoligo: Categorical (1)
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the collection, we genotyped 46 DNA samples using 24-loci
MIRU-VNTR. Results are presented below.

METHODS
Collection of DNA samples of M. tuberculosis clinical isolates

We used a collection of DNA samples of M. tuberculosis
clinical isolates previously described by Maslov et al. [10].
We have previously spoligotyped the isolates and prepared
their drug-resistance profiles using 8 first- and second-line
antituberculosis drugs. Then the isolates were distributed into
two groups: 1) isolates resistant to any of the antituberculosis
drug used in the study (n = 41); 2) controls — drug-sensitive
isolates (n = 23). In total, 46 isolates were analyzed (23 from
each group).

Genoptyping of M. tuberculosis clinical isolates

Genotyping was performed based on 24 MIRU-VNTR loci
according to the standard protocol [11]. PCR primers were
synthesized by Syntol, Russia. Amplification was performed in
0.2 ml 96-well plates (Bio-Rad, USA) using the Amplification Kit
(Dialat, Russia) according to the protocol described in [9] in the
T100 Thermal Cycler (Bio-Rad). The obtained fragments were
separated by 2 % agarose gel electrophoresis in the 1x Tris-

SpolDB4 MIRU
Ne type  type 24-loci MIRU-VNTR profile
13-3292 1 BENING 936632 2 4 2 2 3 3 3 62 64 4426163363823
13-3537 1 BEIING 934432 2 4 6 2 3 3 3 62 6 44 4261633632823
13-3538 1 BENING 934432 2 4 6 2 3 3 3 62 64 4426163363823
13-2432 1 BEJING  94-32 2 4423336286444d42¢61633¢63823
13-3390 1 BEJING  94-32 2442333628644 4d2¢6163363823
13-4177 1 BEIING  94-32 2 4423336286444d44d2¢61633©63823
13-3387 1 BEIING 9343-32 2 4 4 2 3 4 3 6 2 6 4 4 4261633632823
13-3134 1 BEIING 96-196 2 4 4 2 3 3 3 6 1 6 4 4 4261633633823
13-1780 1 BENING 106632 2 4 4 2 3 3 3 62 644 4261633638623
13-2243 1 BEIING 1065133 2 4 4 2 3 3 3 6 2 6 4 4 41 61 63363623
13-3629 1 BENING 99-3%2 2 4 4 2 3 3 3 62 642 426163363723
13-2078 1 BEIING 10977-32 2 4 4 2 3 3 3 6 2 6 44 426173363123
132392 1 BENING 106632 2 ¢4 4 2 3 3 3 62 64442617 33638623
13-2674 1 BENING 108632 2 4 4 2 3 3 3 62 644426 173363¢623
13-1871 1 BEINING 10032 2 4 4 2 3 3 3 62 6 44 426173363723
13-1965 1 BENING 10032 2 4 4 2 3 3 3 62 64442617 3363723
13-2041 1 BEIING 10032 2 4 4 2 3 3 3 62 6 44 42617 3363723
18-2078 1 BENING 10032 2 ¢4 4 2 3 3 3 62 64442617 3363723
13-2253 1 BENING 10032 2 4 4 2 3 3 3 62 64442617 3363723
13-2385 1 BEINING 10032 2 4 4 2 3 3 3 62 6 44 426173363723
13-2459 1 BENING 10032 2 4 4 2 3 3 3 62 64442617 3363723
13-2836 1 BEJING 10032 2 4 4 2 3 3 3 62 64442617 3363723
13-3318 1 BEIING 10032 2 4 4 2 3 3 3 62 6 44 426173363723
13-3435 1 BENING 10032 2 4 4 2 3 3 3 62 64442617 3363723
13-3742 1 BENING 10032 2 4 4 2 3 3 3 6264442617 3363723
18-3917 1 BEIING 10032 2 4 4 2 3 3 3 62 64 4426173363723
13-4064 1 BENING 10032 2 4 4 2 3 3 3 62 64442617 3363723
13-4152 1 BEIING 10032 2 4 4 2 3 3 3 62 64 4426173363723
13-4781 1 BENING 10032 2 4 4 2 3 3 3 62 64442617 3363723
13-2292 -18 21322332263422¢6163333S322
13-2566 -85 2 3423236223421 6163233822
13-3114 8 TI 3-26 23424312131 422¢6163333€622
13-3632 118 T2 -6 232143122334d22¢61¢63333322
13-3539 118 T2 2-18 23424312222422¢616333€48322
13-3582 118 T2 -164 2342431223832422¢61633386¢60]1
13-3617 118 T2 -8 23423312222422¢61634386¢622
13-4189 -8 234243122334226143338¢622
13-3896 1282 T 3-26 24424332163 422¢6163333622
13-3594 -8 23323434262442614333383 32
13-3055 127 H4 -16 23422 1N232244d44d426113323@83 2
13-3147 282 H4 -8 24626813224442¢611332¢6732
13-2978 42 LAMS 8d2-62 1422643322241 261633228%622
13-3158 42  LAM9 1391661 1 4 2 2 4 4 23222441 26163322¢8622
13-3208 42 LAM9 19672-82 1 4 2 2 4 4 3 3 2224126163322422
13-3935 766 TI -8 1422443322241 26163322¢622
13-3086 -8 1422443322241 261863322¢%8622
13-4178 264 TI N418-61 1 3 2 2 6 6 3 3222 41286163322¢622

NJ phylogenetic tree of M. tuberculosis isolates from the Moscow region. The tree was constructed using the 24-loci MIRU-VNTR profile of each phylogenetic group.

Beijing-BO/W148 is shown in red
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acetate-EDTA (TAE) buffer (40 mM Tris-acetate, 1 mM EDTA,
pH 7.6). Results were analyzed using the MIRU-VNTRplus web
tool [9, 12].

RESULTS

According to the MIRU-VNTR profiles prepared using the
MIRU-VNTRplus web tool, 60.9 % of isolates belonged
to the Beijing lineage, 13.0 % — to LAM, 13.0 % — to T1
and T2, 4.3 % — to URAL, 2.2 % — to Cameroon, S and
NEW-1 (one isolate per each lineage). One isolate’s lineage
could not be identified. Isolate 13-2078 was found to have
two allelic variants of the QUB26 locus (1 and 7), which may
indicate a mixed-strain infection [13].

Based on the MIRU-VNTR profiles, we constructed a
dendrogram (see Figure). It clearly shows a cluster of 17
B0O/W148 isolates (isolate 13-2078 is a combination of two
strains, but both of them belong to the BO/\W148 sublineage)
accounting for 60.7 % of all Beijing strains. It should be noted
that all of those strains were drug-resistant (group A); 15 of
them (88.2 %) were multidrug-resistant, of which 3 (20.0 %)
exhibited extensive drug resistance (XDR).

DISCUSSION

In our previous work [10] we genotyped isolates of
M. tuberculosis by spoligotyping. Based on the obtained
results, the isolates were distributed into 6 groups: 60.9 %
belonged to Beijing family, 21.7 % —to T1 and T2, 6.5 % —to
LAMY, 6.5 % — to H4 (proportions are specified for 46 isolates
studied in this work). Five isolates had a unique genotype [10].
[t might be due to accidental spacer deletions or insertions,
which are quite typical for the studied gene region due to its
high variability.
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MANAGEMENT OF THE HIV-POSITIVE PREGNANT PATIENT WITH MARKED
IMMUNODEFICIENCY AND MULTIPLE COMORBIDITIES

Chernyavskaya OA =

Department of Infectious Diseases with Epidamiology and Tropical Medicine, Medical Faculty,
Volgograd State Medical University, Volgograd, Russia

Increasing HIV prevalence among women and growing numbers of HIV-positive patients who choose to become pregnant
prompt a discussion of management strategies applied to such patients. In this work we analyze a case of a pregnant HIV-
positive woman with marked immunodeficiency who started seeking medical advice only after she had developed severe
life-threatening secondary conditions. We look at the progression of comorbidities that led to the death of the patient and
her baby and evaluate the chosen treatment plan. We also propose recommendations for the management of patients with
similar pathologies that include psychological care, vigilance against possible atypical progression of a comorbidity, such as
tuberculosis, and extensive diagnostic evaluation.
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BEOEHWUE BEPEMEHHOW NAUMEHTKN C BU4-UMH®EKLIMEN
N MHO>XECTBEHHbIM BTOPUYHbIMWU 3ABEOJIEBAHNAMA
HA ®OHE BbIPAJ)KEHHOIO UMMYHOAE®ULINTA

O. A. HepHsickas =

Kadbenpa NHeKumoHHbIX 60Me3HEN C aNMAEMUONONEN N TPOMMYECKON MeONLIMHON, NevebHbIi (hakynsTeT,
Bonrorpagckunin rocyfapCTBeHHbIN MEANLIMHCKNIA yHUBEpCUTET, Bonrorpan,

BospacTatoLee Konm4ecTBO XeHLLMH, 60MbHbIX BNY-MHMekumen, 1 pocT vncna 6epemMeHHOCTEN 1 POOOB CPean HMX obyc-
JIOBMMBAIOT aKTyallbHOCTb M3YHEHMS HETUMYHBIX CNyYaeB BEAEHMS TakUxX MauUMeHToK. B HacTosLWwen cTatbe npoaHanmanpo-
BaHbl MPUYMHDBI, MPUBEALIME K BOSHUKHOBEHMIO CUTyaLumn, koraa BepemMeHHas »keHumHa ¢ BAY-uHdeKumen 1 BblpaXeHHbIM
VMMyHOOEeMUMTOM  obpatunacb 3a MEAULIMHCKON MOMOLLBIO TOSIbKO MPY BO3HUKHOBEHUM TSPKESbIX, OMACHbIX OIS dKU3-
H BTOPUYHbIX 3aboneBaHn. PaccMOTPeHbI OCOBEHHOCTM TEHEHVS COHETAHHOM C BEPEMEHHOCTBIO MaTONOrM, MPUBEALLEN
K mmbenv pebeHka n matepu. [laHa oLieHKa TakTUK1 BeaeHust 601bHOM, paspaboTaHbl peKoMeHaaumy Mo BEAEHNIO MaUMEHTOK
C MOA0GHBIMU MaTONOMUSIMU, & UMEHHO: 00A3aTeIbHOE MCUXONOMMHYECKOE COMPOBOXKAEHWE, HACTOPOXKEHHOCTb B OTHOLLIEH
BO3MOXHOIO aTUMMYHOIO TEYEHWST MHOMMX 3ab0oneBaHui, B YaCTHOCTU, TyOepKynesa, MakcManbHOe pacluMpeHre anar-
HOCTUYECKOro Movcka.

KntoueBble cnosa: BUY-nHpeKLMSA, BEPEMEHHOCTb, BbIPXKEHHBIA MMMYHOOEPULAT, BTOPUHHbIE 3a60neBaHus, TybepKynes

BnaropgapHocTu: Tamape KyBLUMHOBOW 13 Bonrorpafckor 06nacTHOM KIMHUHECKON MH(EKLMOHHOM 6onbHMLBI Ne 1 11 ropto MantoxkeHko 13 Bonrorpagckoro
obnacTHoro LeHTpa no npodunaktrke 1 6opsde co CML n MHPEKUMOHHbIMM 3a6oneBannsaMu 3a NPefoCTaBNEHHbIE AaHHbIE.

D<) Ons koppecnoxaeHuun: HepHasckas Onbra AnekcaHaposHa
yn. 3aropckas, 4. 1, k. 43, r. Bonrorpag, 400065; chermnyavolga@yandex.ru

Cratbsi nonyyeHa: 04.02.2017 Ctatbs npuHsTa K nevatun: 11.02.2017

In recent years, Russia has seen an increase in the number
of HIV transmissions in heterosexual sexual contacts, and
therefore the share of HIV-positive women grows. In this
connection, the problem of pregnancy and HIV combined in
one body becomes more urgent: more and more pregnant
women from well-off families bear children and more and more
HIV-positive women decide against abortion [1-3].

Treating such patients presents certain difficulties. Doctors
need to reduce the risk of transplacental transmission of HIV
and to keep the expectant mother relatively healthy. Moreover,
the woman needs not only to give birth to a healthy baby
but also to be able to bring it up. Therefore, women with HIV

undergo highly active antiretroviral treatment with the most
advanced, effective and safe drugs and methods [1, 4-6].
Pregnancy is a difficult period in life of any woman, both from
physiological and psychological points of view. This is when
a woman is emotionally vulnerable and helpless and needs
special care and support from others. HIV adds a number of
mental state peculiarities and motives to safe the pregnancy
to the mix [7]. In particular, research shows that HIV-positive
pregnant women treat themselves negatively, believe their
social role is low and have conflicting identities that make up the
self-concept [8]. In addition, pregnancy in the presence of HIV
often results in complications such as preeclampsia, chronic
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intrauterine fetal hypoxia, anemia, threatened miscarriage, fetal
growth retardation syndrome. For example, a research led by
Yatsenko [9] shows that despite ongoing antiretroviral therapy
(ART) such conditions were observed in 23.5, 55.0, 23.7,
20.0 and 7.0 % of cases, respectively. HIV-positive women
also often deliver preterm and suffer from labor abnormalities.
Surgical abdominal delivery, while reducing the likelihood of
intrapartum HIV transmission to the child, significantly increases
the risk of postpartum sepsis and boosted HIV development
in mother's body [10]. Secondary diseases pose special
problems. If a woman has a profound immunodeficiency, such
diseases threaten both the life of the child and that of her own.
Secondary infections are hard to treat, since the drugs chosen
need to have the least negative impact on the fetus [11-14].

All in all, treatment strategy for HIV-positive pregnant
women is well developed [1, 5, 6, 15, 16]. Its most cases,
application of this strategy leads to the birth of a healthy child
without harming the mother's health [1, 17]. But there are some
complex cases that do not necessarily work out well. Below is
a description of one of such cases.

Case description

Patient U., 31 years old, was admitted to hospital infection ward
on May 28, 2016, complaints: fever up to 39 °C, weakness,
malaise, cough with little phlegm, shortness of breath, loss of
appetite, weight loss (6 kg per month), sweating.

Anamnesis shows the acute stage began in late April: fever,
body temperature up to 39 °C, dry cough. The patient tried
treating the condition with symptomatic drugs, to no effect.
May 20-24 2016, patient was treated in hospital following
the "community-acquired pneumonia" diagnosis: ceftriaxone,
2 g per day, intramuscularly and pathogenetic therapy. The
treatment resulted in a slight improvement but the fever
persisted. The patient left the hospital without permission. After
2 days, she started suffering from shortness of breath, fatigue
and malaise became worse and May 28 the patient once again
came to the hospital and was hospitalized.

Through the g&a session is became clear that patient
was pregnant, 14 weeks, but she was not registered with the
women consultancy. It was the first pregnancy, desired and
in a marriage. In addition, in 2005 the patient was diagnosed
with HIV, but, according to her, the hospital staff treated her
dismissively and rudely so she reacted negatively and has
grown afraid of medical care. Thus, she did not come monitoring
examinations all these years and did not receive treatment. In
2015, before the marriage, the patient underwent HIV testing
anonymously. According to her, the result was negative, but
the report read "Reference value: "negative "; result of HIV RNA
PCR: 104,607 copies/ml." That means the patient interpreted
the results erroneously. She also had 4 surgeries for congenital
abnormalities (cleft palate and lip), the last of which happened
in 2005.

The patient's epidemiological
aggravations.

When admitted to the hospital, her condition was
considered moderately grave. The body mass was short
(height — 169 cm, weight — 42 kg, BMI = 14.7 kg/m?).
Pale skin, mucous oropharyngeal hyperemia, granular back
wall. Lymph nodes (submandibular, cervical, axillary, inguinal)
enlarged to 0.7 cm, painless, mobile. Respiratory system:
sounds from lungs (percussion), hard breathing (auscultation),
weak in lower sections, no wheezing. Muffled heart sounds.
Coated tongue. Abdomen increased in size (due to pregnancy).
Other organs and systems - no abnormalities. CBC revealed

anamnesis shows no
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signs of inflammation: neutrophilia (92 %), lymphopenia
(6 %), high erythrocyte sedimentation rate (75 mm/h). Blood
chemistry analysis revealed hypoproteinemia, small-scale
hypertransaminasemia. UA revealed mild case of proteinuria
(hereinafter, test results are shown on the figure). The diagnosis:
"Viral infection, unspecified, moderately grave. Community-
acquired pneumonia? lliness caused by HIV, with manifestations
of infectious diseases. Stage 4B, progression without ART.
Generalized lymphadenopathy. Cachexia. Pregnancy —
14 weeks." Patient received ceftriaxone 2 g per day
intravenously and pathogenetic treatment (incl. infusion).

On May 30, patient's condition deteriorated, she suffered
from aggravated shortness of breath, weakness. Liver size
increased 2.5 cm. Glucocorticosteroids (dexamethasone 8 mg
per day) were added to the treatment plan.

Next day, May 31, brought no alleviation: the patient was
short of breath even at rest, suffered from rare dry cough and
pains in the left part of the chest. Her condition was regarded
as grave. Based on the chest radiograph, the diagnosis was
bilateral polysegmental lower lobe pneumonia. Clarified clinical
diagnosis was 'lliness caused by HIV, with manifestations
of bacterial and fungal infections. Stage 4B, progression
without ART. Bilateral community-acquired polysegmental
pneumonia (pneumocystis?), severe course. RF1. Cachexia.
Orofacial candidiasis. Pregnancy — 14 weeks." Changes in the
treatment plan: ceftriaxone canceled, prescribed: amoksiklav,
vancomycin, levofloxacin, increased doses of corticosteroids,
oxygen support, salbutamol inhalations, expectorants
(Fluimucil), intensified infusion therapy (dosage and methods
of administration are hereinafter shown on the figure).
Additional tests were ordered, including sputum collection (no
success). Through the day, the patient's condition continued to
deteriorate: SpO, — 73 %, heartbeat — 145 BPM, urine output
decreased to 500 ml/day. Aggravating cardiopulmonary failure
brought the patient to intensive care unit.

June 1: patient complains about weakness and cough;
condition remains grave but the trend is positive. June 2: body
temperature normalized at 36.4 °C. Immunity and virus tests
returned as follows: CD4* T-lymphocytes — 4 cells/uL, CD8*
T-lymphocytes — 116 cells/uL, CD4/CD8 — 0.03; HIV RNA
PCR — 1615358 copies/uL. Tests for markers of viral hepatitis
returned negative. Additional consultations given by obstetrician-
gynaecologist ("Pregnancy, 14 weeks. No indications for
abortion") and phthisiologist ("More data supports bilateral
nonspecific pneumonia"). Prescribed: tuberculin skin tests and
sputum collection to find Mycobaterium tuberculosis (3 times).
On June 3 the patient was transferred to the infectious disease
ward. Sputum study was not performed due to lack of material.

On June 9 patient began complaining about cough and
weakness again. Vital signs were normal, including body
temperature. Repeated chest radiograph was the basis for
diagnosed bilateral polysegmental lower lobe pneumonia at
the resolution stage. Oxygen support was canceled. The next
day, following the request of the patient she was transferred to
outpatient clinic (with improvements).

On June 14 U. was examined by an infectiologist at the
AIDS control and prevention center. The patient complained
of dry cough, weakness and body temperature up to 38.5 °C
from June 11. Gynecologist confirmed the patient was 16—
17 weeks pregnant. CBC revealed thrombocytopenia,
leukopenia, lymphopenia and neutrophilia. The patient was
prescribed ART (figure). On June 15, her body temperature rose
to 40 °C. U. was re-hospitalized at infectious disease ward.

Her condition was regarded as grave when she arrived
there. Conditions found at the moment: tachycardia and
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Admission of patient to hospital

20.05
Diagnosis: community-acquired pneumonia
| Treatment: ceftriaxone (2 g/day, i. m.)
The patient left the hospital without permission
24.05
Tests results Admission of patient to infectious diseases ward
“ — 20 0 — 88 . — 130 % — 90/60 28.05 Diagnosis: viral infection, unspecified, moderately grave;
. HIV, Stage 4B, progression without ART
neutrophils — 92 % ; ) .
‘ lymphocytes — 6 % Treatment: @ ceftriaxone (2 g/day, i. v. drip);
ESR — 75 mm/h @ pathogenetic treatment (including infusion)
‘ protein — 50 g/I Tests results Deterioration of health
ALT — 0.1 mmol/th - mL) ". 22 @ 87 . 125 00 Treatment: @ dexamethasone (8 mg/day)
= protein — 0.5 g/I | '
Tests results 31.05 Deterioration of health. Grave condition. Transfer to ICU

0N—26 @ —e0 @ —12¢4 g —11070 Lungs radiography
] | Diagnosis: bilateral polysegmental lower lobe pneumonia
End of the day: @) —73 @) —145 Treatment: © ceftriaxone

Tests results TG0 % amoxiclav (1.2 g/day, i. v. drip)
: vancomycin (1.0 g x 2 t/day, i. v. drip)
-2 @ —90 @ —110 T — 120060 | @ levofloxacin (500 mg/day, i. v. drip)
Tests results 02,06 % grednisolr?ne (30(219 %3 tZ/?}d)
. examethasone (8 mg x
MN—22 @ —22 @ —s T —10060 @ oxygen support
Q® CD4—cells/ul  CD8— 116 cells/ul  CD4/CD8 — 0,03 @ fluimueil
I
@ pathogenetic treatment
Tests results A~ Transfer to infectious diseases ward
N—18 @O —93 @—s2 T—10060 ,
Repeated lungs radiography
‘ erythrocytes — 3,45 x 10" hemoglobin — 91 g/l 09.06

neutrophils — 94 % lymphocytes — 5 % Diagnosis: bilateral polysegmental lower lobe pneumonia at the resolution stage
ESR — 61 mm/h |

Treatment: © oxygen support

Patient was transferred to outpatient clinic (with improvements)

10.06
Tests results I Examination at the AIDS control and prevention center
14.06
platelets — 82 x 10° lymphocytes — 4 % Antiretroviral therapy: @ lamivudine (ZTS) (150 mg x 2 t/day)
leukocytes — 3,8 x 10° neutrophils — 94 % @ stavudine (d4T) (30 mg x 2 t/day)
@ kaletra (LPV/g) (2 tablets x 2 t/day)
Tests results et Re-hospitalization to infectious disease ward. Transfer to ICU
“ — 24 . — 128 % —90/60 Treatment: @ ceftriaxone (1.0 g x 2 t/day)
@ amoxiclav (1 tablet (875 mg + 125) x 2 t/day)
erythrocytes — 3,0 x 102 lymphocytes — 4 % @ clindamycin (200 mg x 2 t/day)
hemoglobin — 72 g/l ESR — 66 mm/h @ fluconazole (200 mg, i. v. drip)
neutrophils — 94 % @ dexamethasone (8 mg)
%© CD4 (abs.) — 1 cel/uL CD8 — 36 cel/uL  CD4/CD8 — 0,03 @ pathogenetic treatment
Tests results ialgi
resu oE Precordialgia
“—20 @—94 .—108 %—norm .
21,06 Aggravation of precordialgia
’ Diagnosis: bilateral community-acquired pneumonia, severe;
endocarditis, severe;
HIV, stage 4B, progression with ART
o Transfer to cardiology department

-
“ respiration rate, per min clinical urinalysis Patient violates ART regimen

%@ - | Diagnosis: pericarditis; left-side pleural effusion

@ partial pressure of O,, %
Intrauterine fetal death

. heart rate per minute @ drug prescribed 27.06
[5[% blood pressure, mm Hg @ drug canceled 29.06 M
@ cinicai biood analysis @ dosage increased 30'06 Transfer to TB dispensary
‘ blood chemistry i. m. — intramuscular ) Diagnosis: pulmonary tuberculosis; exudative pleurisy
i. v. — intravenous
TB treatment:
rifampicin + isoniazid + ethambutol + pyrazinamide
Antiretroviral therapy: © kaletra (LPV/r)
@ efavirenz
Tests results 2707 Continued treatment at TB dispensary
erythrocytes — 3,79 x 102 leukocytes — 7,2 x 10° :
hemoglobin — 97 g/l lymphocytes — 9,3 % _ Patient gone for treatment to another region (Moscow)
platelets — 175 x 10° ’
QP D4 (abs) — 9 cells/ul.  CD8 — 281 cells/uL  CD4/CD8 — 0,03 A Patient died

Diagnosis: generalized tuberculosis
Brief clinical record of U., 31, female, pregnant, HIV-positive
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low blood pressure; 2 cm liver protrusion from under the
costal arch; decreased urine output; anemia, neutrophilia,
lymphopenia; increasing lab immunodeficiency. The patient
was transferred to the intensive care unit. Prescribed
antibiotics — ceftriaxone, amoxiclay, clindamycin, antifungal
fluconazole, dexamethasone, pathogenetic drugs. In the
following days, the body temperature returned to normal, vital
signs were stable, partial oxygen pressure was normal.

June 20: patient started feeling pains in the left part of
her chest, body temperature increased again (38.2-38.6 °C).
Electrocardiogram revealed sinus tachycardia. The next day,
the pains in the chest became stronger. Chest radiograph
was the basis for diagnosed bilateral polysegmental lower
lobe pneumonia at the resolution stage. Diagnosis: "Bilateral
community-acquired pneumonia, severe course. RF1. Infective
endocarditis, severe course. Cardiopulmonary failure, stage
[-I. lliness caused by HIV, with manifestations of bacterial, fungal
infection, stage 4B, progression with ART in the background.
Generalized lymphadenopathy. Cachexia. Expressed lab
immunodeficiency. Hypochromic anemia. Pregnancy —
16-17 weeks." On June 22, the patient was transferred to
cardiology department of somatic ward where the diagnosis
was clarified: "HIV-infection, stage 4B, progression with ART
in the background. Generalized lymphadenopathy. Bilateral
polysegmental pneumonia, severe course. Pericarditis.
Left-side pleural effusion. Body mass deficiency over 30 %.
Cachexia. Expressed lab immunodeficiency. Hypochromic
anemia. Thrombocytopenia. Pregnancy — 16-17 weeks."
The patient continued ART course but complained about poor
tolerance and was lax with the schedule.

On June 27, ultrasound revealed the fetus was dead. On
June 29, the pregnancy was terminated (17-18 weeks). The
patient continues to suffer from fever, leukocytosis increases in
the blood because of stab cells.

Diagnosis of June 30: "Pulmonary tuberculosis. Pleural
effusion." The patient was transferred to TB dispensary where
she was prescribed first regimen specific therapy (rifampicin
+ isoniazid + ethambutol + pyrazinamide). Rifampicin forced
a change in ART course: lopinavir/ritonavir was canceled and
efavirenz prescribed.

On July 27, the patient continues to receive treatment in the
TB dispensary. Clinical diagnosis: "HIV, stage 4B, remission with
ART in the background. Disseminated pulmonary tuberculosis,
infiltration and decay phase. AFB (-). Tuberculosis polyserositis.
Pericarditis. Right-side exudate tuberculosis pleurisy. AFB (+)
in exudate. Tuberculous papillitis. AFB (+) in urine. 1A (MTB +),
dispensary registry group, pneumocystis pneumonia in
anamnesis. Persistent oral candidiasis. Expressed lab
immunodeficiency." Immunity and resistance to virus-induced
effects show a positive trend.

On August 26 the patient was reported to move to another
region to seek treatment there (city of Moscow). Therefore, any
further data on her disease are not available. However, patient's
husband later sent a note stating U. died on October 6.
Postmortem diagnosis: "Generalized tuberculosis." Diagnosis
according to ICD X: "lliness caused by HIV, with manifestation
of mycobacterial infection."

Case discussion

The case described above is not a typical one. From the social
status point of view, the patient was quite well off, yet, being
aware of her HIV status, she not only refused routine monitoring
but postponed applying for medical assistance when it was
needed direly. Denial, which is a natural psychological reaction
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to expect from a person being informed of a positive HIV test
(and which typically resolves into acceptance), stayed with U.
for many years. Obviously, the reason behind the situation here
is the first experience U. had with doctors, which was negative.
Unfortunately, HIV-positive patients often suffer from the same
attitude expressed by medical professionals. Our data indicates
that up to 64 % of people living with HIV have faced unethical
behavior of physicians and 21 % have to bear it often [18].

Same factor may have also contributed to the patient's
refusal to register her pregnancy with the women consultancy,
which is one of the reasons of its termination. Legislation
secures the right of a woman to make decision about
motherhood on her own. An HIV-positive woman, like any other,
can give birth is she wants to [19]. But HIV imposes certain
obligations on her: to bear a healthy baby, she must adhere
to recommendations and, above all, take antiretroviral drugs
[1, 5, 6]. In the case considered, while the pregnancy, though
late, was conscious and desired, the woman was married,
she violated the drug regimen. To improve her obedience to
the ART regimen, a psychologist should have been invited
to counsel U. Interdisciplinary approach to treatment of
such patients implies having a psychologist on the team [1].
This patient's psycho-emotional problems were obvious
and she needed psychological counseling. Unfortunately,
hospitals rarely employ specialists of this profile. The patient
received psychological support from her husband, physicians,
employees of the medical university.

We believe that the ART regimen chosen in this case
was justified. It was necessary not only to prevent vertical
transmission of HIV, but also save life of the patient taking into
account the marked immunodeficiency (CD4* T lymphocytes
— 4 cells/pL). One of the regimens that work well with pregnant
women (including zidovudine, lamivudine and lopinavir/ritonavir)
could not be applied due to anemia. That is why zidovudine
was substituted with stavudine. This regimen belongs to the
ART concept used for patients with initially low (less than
50 cells/ul) number of CD4* T-lymphocytes. Choosing
lopinavir over efavirenz, which the patient could not tolerate,
was quite acceptable, since at this point U. was already in
the 2nd trimester of her pregnancy. However, considering the
fact that the patient also suffered from tuberculosis and had
a low number of CD4+ (less than 100 cells/pL) from the outset,
national guidelines for dispensary observation and treatment
of HIV-positive patients could be followed and a fourth drug,
enfuvirtide, added to the mix. It would not harm the fetus but
could boost the effectiveness of ART [5, 6].

Pregnancy made the already complicated situation even
worse. We believe that hormonal changes associated with
pregnancy could exacerbate immunodeficiency, which resulted
in further development of secondary infections. The most
dangerous of them turned out to be tuberculosis, which lead to
the death of the patient.

As is well known, tuberculosis takes an unusual course
when there is immunodeficiency in the background [1, 20-22].
With CD4+ T-lymphocytes content below 500 cells/uL, the
disease develops faster, its destructive forms are more difficult
to identify, serous membranes get involved in the pathological
process more often. When the content of CD4+ T-lymphocytes
is below 350 cells/uL, pulmonary tuberculosis is associated with
damaged pleura, pericardium, when it is below 200 cells/uL,
there can be miliary lymphogenous dissemination with multiple
organ lesions expressed through devastating syndrome, fever
[1]. All of these symptoms have been observed in patient
U. With profound immunodeficiency, (less than 100 CD4*
T-lymphocytes/uL) tuberculosis is often (up to 40 % of cases)
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accompanied by development of other secondary diseases,
which makes it even more difficult to make a diagnosis.
Due to the almost complete loss of signs of granulomatous
inflamsmation, in such patients tuberculosis morphologically
and clinically resembles pneumonia. In 30 % of cases the
clinical picture is 4-8 weeks ahead of dissemination, and in
some patients radiography reveals no changes at all [1]. The
case in question is a perfect example of such a turn of events.
Since acute immunodeficiency makes radiography, tuberculin
test and diaskintest uninformative, timely detection of TB
requires morphological, direct microscopic and bacteriological,
molecular genetic tests of biological fluids and biopsies. But,
as this case shows, these tests also do not guarantee a quick
result and sometimes simply cannot be performed. Difficulties
with diagnostics and a high probability of generalization of
tuberculosis when immunodeficiency is substantial indicate that
patients with the CD4* T lymphocytes content below 200 cells/
uL need preventive treatment [6]. We believe that at the very
beginning of treatment of patient U. there were good reason
to assume she suffered from respiratory system disorders of
mixed etiology, including tuberculosis (despite the absence of
typical signs on radiographs), and thus consider treating her ex
juvantibus.

Pulmonary tuberculosis, which remained unseen in the
early stages, could have been boosted by concomitant lesions
of Pneumocystis etiology. Although Pneumocystis jiroveci were
not found and the diagnosis was not confirmed in laboratory,
clinical factors supporting presence of this pathology were
gradually increasing respiratory distress (and scarcity of
physical findings), high levels of ESR, low rates of the SpO,
(to 73 %), and positive effect produced by clindamycin and
glucocorticosteroids.

Serious polietiologic damage to the lungs, namely hypoxia
that followed cardiopulmonary disorder, was, in our opinion,
one of the main causes of fetal death. An important role was
also played by general exhaustion that manifested not only as
a significant reduction in body weight, but also as asthenic
syndrome, anemia, hypoproteinemia. The risk of spontaneous
abortion in this case can be considered very high. But even if
the pregnancy was saved, the risk of serious consequences
for the health of the child was considerable. According to one
study, posthypoxic CNS damage of varying degrees of severity
were reported in 90.5 % of children, hematological changes in
the form of anemia (mild to moderate) — 97.3 % of children
[23]. In the case we are considering here, the woman could
not save this pregnancy, regardless of how much she desired
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it. The list of medical indications for abortion does not contain
HIV, but in some cases, with all the risks taken into account and
after a peer review, abortion is possible even after 12 weeks.
On the other hand, in this case the operation can substantially
harm health of the HIV-positive woman make the main diseases
worse [24, 25]. In any case, it is the woman who always makes
the choice. This is a difficult decision, and we believe in such
situations psychological support is in order.

CONCLUSIONS

The case described above allows a number of conclusions.
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CLINICAL, IMMUNOLOGICAL AND VIROLOGICAL INDICATORS
OF ANTIRETROVIRAL THERAPY EFFICIENCY
Oleynik AF'282 Fazylov VH'2, Beshimov AT'?

" Department of Infectious Diseases, Medico-Prophylactic Faculty,
Kazan State Medical University, Kazan, Russia

2Republic Center of AIDS and Infectious Diseases Prevention and Treatment, Kazan, Russia

Antiretroviral therapy (ART) for HIV-positive patients allowed labeling the disease a therapeutically controlled one. The main goal
of ART is to prolong patient's life and preserve its quality. This is accomplished through viral load reduction (decrease of the
number of HIV-RNA copies in blood plasma), which leads to the growing numbers of CD4+-T-lymphocytes. However, ART can
be ineffective. In 2010-1014, we conducted an observational cohort retro/prospective study aimed at learning how often ART
can be ineffective from immunological (Il), virological (VI) and clinical points of view. The study was carried out at the premises
of the Republic Center of AIDS and Infectious Diseases (Kazan, Russia). The study included 341 adult HIV-positive patients
subjected to ART at 3rd and 4th stages of disease's development, with the treatment virologically efficient at least during the
first year. The observation period was 1 to 3 years. ART was considered Il (immunologically inefficient) when the number of
CD4+ increased for less than 50 cells/mcl through the year with HIV completely suppressed. VI (virological inefficiency) of ART
was registered if the number of HIV RNA copies was above the definition threshold after 6 months of treatment. ART was Il in
14.0-15.9 % of cases after a year of treatment and in 22 % of cases after three years. It was noted that subsequent restoration
of an adequate number of T-lymphocytes CD4+ required they overcame the threshold of 100 cells/mcl within the 1st year of
treatment. Virologically, ART was effective for 92.7 % for patients. Most (80 %) cases of VI of ART were results of patients' lax
attitude towards treatment. Clinically, ART helped 91 % of patients; this result largely depended on the number participants for
whom ART was II. Il of ART is a risk factor, the risk being progression of the disease with active ART in the background and death
of the HIV-positive individual. Il of ART makes the risk of clinical progression of HIV 6.232 times higher (95 % CI 3.106-12.51).

Keywords: HIV, antiretroviral therapy, clinical efficacy, virological efficacy, immunological efficacy, therapy failure
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KITMHUKO-UMMYHOJIOTMYECKUE N BUPYCOJIOIMMYECKUE NMOKASATEJIU
SPOEKTUBHOCTU AHTUPETPOBUPYCHOW TEPANUU

A. ©. OnenHnk'? = B, X. ®asbinos™?, A. T. belummos'?

"Kadhenpa MHPEKLMOHHbBIX BoneaHen, MeanKo-NpoMUNaKTUHECKNIN arysTeT,
KazaHckuin rocyAapCTBEHHbIN MEAVLVHCKUIA yHBEpCUTET, KadaHb

2 PecnybnmkaHCKuii LIEHTP No npodunakTuke 1 6opbbe co CML 1 nHhekumoHHbIMM 3abonesaHsimmn, KasaHs

[MprMeHeHne aHTUPeTPOBUpPYyCcHON Tepanum (APBT) npy BUY-nHdekLmmn No3Bonmnno nepeBecTy 3abonesBaHmne B paspsig repa-
NeBTUHECKN KOHTponmpyemMbix. OcHoBHas Lenb APBT — yBennyeHne NpoAo/KUTENBHOCTY XKN3HN NauMeHTa U COXpaHeHue
ee kadvectBa. OHa OOCTUrAETCA CHIDKEHMEM BUPYCHOW Harpy3ku (dmicna konui PHK BY B mnasme KpoBwW), Y4TO NpuBOAUT
K pocTy vmcna CD4*-T-nmmdoumTtoB. Ho Tepanus MOXXET 6bITb HeathdeKTUBHOM. B paboTe n3ydeHa YacTtoTa Cry4aes MMMYHO-
norundeckon (MH), supyconormndeckon (BH) 1 knuHndeckom HeadekTnBHoCcTn APBT. B nccnepnosanne Bkatoumnnv 341 B3poc-
noro B/Y-nHpmrupmpoBaHHoro naupeHTa, nony4asluero APBT, HadaTyto Ha cTaansx 3—4 3aboneBaHvis, C BMPYCOAOMMYECKON
3(QPEKTUBHOCTBIO Kak MVHMMYM B TEYEHME MEPBOro roda fledeHnst. YHacTHUKOB UCCNeoBaHnsa HAbMOAaNM Ha MPOTSKEHN
1-8 net. 'H APBT onpegensnu kak yBenuyeHne vmcna knetok CD4+ meHee YeM Ha 50 KNeTok/MKN B rof, Ha hoHe MOSHOM
cynpeccun B4, BH APBT — kak uncno konun PHK BWY Bbiwe nopora onpeneneHns 4epes 6 Mec OT Hadana feveHust.
Yactota cnyyaes MIH APBT coctaBuna 14,0-15,9 % ans ogHoro roga neveHns 1 22 % onsa Tpex net HabntogeHun. OTMmedeHo,
YTO ANg NOCAENYIOLLEro aleKBAaTHOrO BOCCTAHOBNEHNS coepxanus T-nmmdoumto CD4+ Heo6x0OMMO yBENMHEHIE VX Hicia
B NepBbii rof Tepanum 6onee Yem Ha 100 kneTok/mkin. Bupyconorndeckn acpdexteHon APBT 6bina ansd 92,7 % naumeHToB.
Bonbluas 4acTs (80 %) cnyvaes BH APBT 6bina 0bycnosneHa HU3KOoM MPUBEPXXEHHOCTBIO MaLMEHTOB K NIeHeHmo. KnHuyec-
kast acpdexTrBHOCTb APBT cocTaBuna 91 % 1 B 3Ha4MTENbHOW CTENEHW ONpeaensnach Y1MCAOM yHacTHUKOB MCCNEAoBaHs
¢ VH APBT. NmmyHonormdeckas HeathdekTnBHOCTb APBT aBnsieTcs hakTopOoM prcka NMporpeccrpoBaHis 3aboneBaHns Ha
doHe APBT n cmepTtn npu BNY-nHpekummn. Puck kKnnHudeckoro nporpeccupoBaHng BY-nHdekummn npu VIH APBT Bbilwe
B 6,232 pa3 (95 % O 3,106-12,51).

KnioueBble cnoBa: B/Y-MHMeKUMA, aHTUPETPOBNPYCHaS Tepannd, KMHMYeckas ahdeKTBHOCTb, BUPYCOorm4eckas
3(PPDEKTUBHOCTL, UMMYHONOrMYeckas apeKTUBHOCTb, HESMMMPEKTVBHOCTL Tepanmm

BnaropgapHocTu: aBTopbl 6narogapat Hussa lanvynnnHa n drpato Harnvoy 3a BO3MOXXHOCTb MPOBEAEHVSA MCCNefoBaHns Ha 6ade PecnybnmnkaHckoro LeHTpa
no 6opebe co CIM n nHhekumoHHbIMM 3aboneBaHnaMn (KasaHb).

P><] Onsa koppecnonaeHuun: OneHrk Anbdus GapnaosHa
np-T Mo6Geppl, A. 83, . KasaHb, 420140; aalfons@yandex.ru

Cratbsi nonyyeHa: 31.01.2017 CtaTtbsa npuHATa B neyvartb: 16.02.2017

BULLETIN OF RSMU |1, 2017 | VESTNIKRGMU.RU | 55




OPUTI'MHAITbHOE NCCITELOBAHWE | 9BOIFOLINSA NHOEKLINN

The main goal of ART is to prolong patient's life and preserve
its quality. Clinical ineffectiveness (Cl) of ART results in
development of a new opportunistic infection in the patient's
body after 3-6 months of treatment. Thus, it takes a long-term
study to evaluate effectiveness of ART.

Important aspects of ART that determine the rate of HIV-
positive patients survival are virological and immunological
responses to the therapy. From the virus control point of view, the
task is to minimize the viral load in the patient's body (preferably
to below 50 RNA copies/ml) and hold it there as long as possible
to stop progression of the disease and prevent development
of viral resistance to drugs. Virological ineffectiveness (VI) of
ART increases the risk of HIV progression in several times
[1, 2]. Immunologically, ART is successful when the number
of CD4* T-lymphocytes is growing (the growth is significantly
more intensive with the full viral suppression). Immunological
ineffectiveness (Il) of ART is observed in approximately 15 % of
patients [3]: they suffer from immunodeficiency for a long time
despite taking antiretroviral drugs, which increases the risk of
development of AIDS- and non-AlDS-defining diseases [4].

The aim of our study was to assess the incidence of
clinical, virological and immunological inefficiency of ART and
determination of conditions ensuring effectiveness of ART.

METHODS

The observational cohort retro/prospective study was
conducted in 2010-2014 at the premises of the Republic
Center of AIDS and Infectious Diseases Prevention and
Treatment, Kazan (hereinafter — AIDS Center). The study was
approved by the local ethics committee (Protocol 3 dated
March 24, 2015).

Data used in the study described adult patients with a
confirmed HIV-positive status that were in the dispensary
observation at the AIDS Center in 1999-2014. Criteria for
inclusion were as follows: 1) ART receiver for more than a year,
HIV RNA in blood plasma below the registration threshold after
6 months from ART start and (minimum) during the first year; 2)
ART started at stages 3-4 as defined by the clinical classification
of HIV approved by the Health and Human Services Ministry of
the Russian Federation by Order No. 166 dated 17.03.2006.
Criteria for exclusion were: 1) underage; 2) ART reception
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for less than one year; 3) registered HIV RNA in plasma after
6 months of ART; 4) HIV in incubation, primary symptoms and
terminal stages; 5) receiving both ART and antiviral therapy
against viral hepatitis. Criteria for early retirement from the study
were:1) cessation of ART; 2) registered viral load (HIV RNA
content) that developed after the earlier achieved suppression
of HIV in plasma (to determine the immunological effectiveness
of ART); 3) start of viral hepatitis antiviral therapy while receiving
ART, 4) death of the patient. All patients signed informed
consent to examination and ART application.

The number of observed patients was 341,204 of them
were male. The age of the participants was 35 (32; 40)
(hereinafter, data describing the sample are given as median
and interquartile range). 59.2 % of cases were parenteral
infection. The participants were registered at the AIDS center
for 5 years (2; 9) before treatment. Shares of HIV stages among
participants: stage 3 — 34.6 %, 4A — 29.9 %, 4B — 28.4 %,
4C — 7.1 %. Content of T-lymphocytes CD4* in peripheral
blood prior to ART: 186 (120; 277) cells/uL; content of HIV RNA
in plasma: 93,000 (22,750; 280,625) copies/ml.

All patients were prescribed ART in accordance with
methodological recommendations issued by the Health and
Human Services Ministry of the Russian Federation, 7125-RKh
dated 29.12.2006, observation period — 1 to 3 years. The first
line ART regimen included two nucleoside reverse transcriptase
inhibitors (NRTI), the third component was non-nucleoside
reverse transcriptase inhibitor (NNRTI) or protease inhibitor (PI)
or integrase inhibitor (INI) (Fig. 1).

Immunological effectiveness of ART was evaluated by the
increase in the number of CD4+ T-lymphocytes. The patients
were divided into two groups: 1) those with an increase of less
than 50 cells/uL in a year (no response to therapy); 2) those
with an increase of more than 50 cells/uL in a year. Content
of CD4* T-lymphocytes was measured at least twice, time
between measurements — 3 months. This was done to
eliminate random error due to variability of absolute values of
the indicator.

Virological effectiveness of ART was evaluated no earlier
than in the second year of treatment because undetectable
viral load during the first year of treatment was an inclusion
criterion. VI of ART was acknowledged if the number of HIV
RNA increased over 400 copies/ml up to 2010 and over
150 copies/ml in the following years. Short-term rise in the level
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Component 1

Component 2

Component 3

(number of patients receiving the drug)

W NRTIs AZT NRTIs 3 TC [l NNRTIs EFV [l PI ATV/+r
Il NRTIs ABC [l NRTIs other Il NNRTIs NVP PI DRV/+r
Il NRTIs gpyrve NNRTIs ETR [l PI other
W PILPV/r 1 INI RAL
Fig. 1. Groups of patients by type of drug, three-component first line ART
NRTIs — nucleoside reverse transcriptase inhibitor; NNRTI — non-nucleoside reverse transcriptase inhibitor; PI — protease inhibitor; INI — integrase inhibitor;

AZT — azidothymidine; ABC — abacavir; other NRTIs — stavudine, didanosine, phosphazide; 3TC — lamivudine; EFV — efavirenz; NVP — nevirapine; ETR —
etravirine; LPV/r — lopinavir boosted with ritonavir; ATV/+r — atazanavir boosted/not boosted with ritonavir; DRV/+r — darunavir boosted/not boosted with ritonavir;
other PI — fosamprenavir, saquinavir, indinavir, nelfinavir, ritonavir; RAL — raltegravir.
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of HIV RNA — less than 1000 copies/ml, a "blip", — was not
considered a sign therapy ineffectiveness.

Cl of ART was acknowledged if a new opportunistic
infection developed in the patient's body after 3-6 months
of treatment. Inflammatory syndrome accompanying immune
system reconstitution was not considered a sign of therapy
ineffectiveness.

Content of CD4* T-lymphocytes and HIV RNA was
measured before the start of ART, after 6 and 12 months after
start of ART, further on — annually throughout the treatment
period. Quantification of HIV RNA in plasma was performed
through polymerase chain reaction in real time using Cobas
Amplicor HIV-1 Monitor v.1.5 (Hoffman-La Roche, Switzerland)
and LCx HIV RNA Quantitative assay (Abbott Laboratories,
USA) tests in COBAS TagMan 48 (Hoffman-La Roche) and
Abbott m2000rt (Abbott Molecular, USA) analyzers with
the sensitivity threshold of 400 copies/ml up to 2010 and
150 copies/ml for the following years. HIV resistance to
antiretroviral drugs was determined by sequencing using
ViroSeq HIV-1 Genotyping System test (Applied Biosystems,
USA) with Applied Biosystems 3100 and 3130 analyzers
(Applied Biosystems). The number of CD4* T-lymphocytes was
determined by flow cytometry using monoclonal antibodies
(mAbs). Lymphocytes phenotyping was performed by direct
immunofluorescence with Multitest 6-color TBNK Reagent
(Becton Dickinson, USA) containing MAb CD3+, CD4*, CD8*,
CD16/56*, CD19*, with account of immunofluorescence
reaction in FACScanto Il flow cytometer (Becton Dickinson).

A factor's influence (Il of ART) on the treatment outcome
(HIV disease progression, death) was measured for the entire
period of therapy regardless of the time the factor appeared.

Statistical analysis of the results was performed using
the methods of descriptive and comparative statistics and
programs STATISTICA 10.0 (StatSoft, USA), Microsoft Excel
2003, OpenEpi 3.01 [5]. Normality of distribution was assessed
with the help of the Shapiro-Wilk test. Equality of dispersions
of characteristics distribution was assessed with the F-test. In
case the distribution was not normal the data was presented
through median and interquartile range: Me (Q1; Q). Mann—
Whitney test helped determine significance of differences
between groups when comparing independent samples.
Comparison of several independent groups benefited from
Kruskal-Wallis H test followed by pairwise comparison of the
groups using Mann-Whitney test with Bonferroni correction.
Comparison of outcomes frequency was done with calculated
relative risk and 95 % confidence intervals. Rejection of the

Table 1. Reasons for patients dismissal from the study
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null hypothesis occurred at a threshold level of statistical
significance of p = 0.05.

RESULTS
Immunological ineffectiveness of ART

The incidence of immunological ineffectiveness of ART (lI
of ART) was 74 (22 %) within a 3-year period. We analyzed
the timing of emergence of Il of ART and dynamics of CD 4+
T-lymphocytes growth in the future. In the first year, 48 patients
of 341 patients (14 %) did not respond to ART, in the second —
41 of 261 (15.7 %), in the third — 31 out of 195 (15.9 %). See
table 1 for data on dismissal of patients from the study.

Of the 48 patients that showed no response to ART in the
first year, 24 remained unresponsive in the second year 24
(Fig. 2), 12 did show a response and 12 people were dismissed
from the study. In addition, 17 more patients joined Il of ART
group in the second year. Earlier, these patients enjoyed
adequate recovery of CD4* T-lymphocytes. Of these, 9 people
did not respond to treatment in the third year. Thus, a significant
portion of patients with Il of ART (66.7 %) in the second and
third years of treatment were patients that had immunological
ineffectiveness of therapy developed in the first year.

During the 1st year of ART, the increase in number of
CD4+ T-lymphocytes was: 1) 1 (-25; 22) cells/uL in the group
that showed Il of ART in both the first and the second years
of therapy; 2) 8 (-30; 17) cells/pL in the group that showed
Il of ART IN the first year and an effective restoration of CD4*
T-lymphocytes numbers in the second year; 3) 102 (77;
156) cells/uL in the group that showed Il of ART in the second
year only; 4) 165 (83; 263)cells/uL in the group that responded
to treatment both in the first and the second years of therapy
(H=280.6 at p < 0.001; p,, = 0.988; p,,< 0.001; p,, < 0.0071;
P, < 0.001; p,, <0.001; p,, = 0.125).

Of the 195 patients who were followed throughout the
study, 12 (6 %) showed no response to the therapy throughout
all three years ("absolute nonresponders"); 27 (13.8 %) did not
respond to therapy at this or that stage of treatment ("relative
nonresponders").

Virological ineffectiveness of ART

Table 1 shows that in the two years of treatment, ART was
virologically ineffective (VI of ART) in 25 patients (7.3 %). Second

Number of dismissed patients at different stages of ART

Reason for dismissal 1st year of ART 2nd year of ART 3rd year of ART 3 years of ART. total

abs. rel.. % abs. rel.. % abs. rel.. % abs. rel.. %
Unauthorized cessation of ART - - 19 5.6 11 3.2 30 8.8
Virological ineffectiveness of ART - - 18 5.3 7 2.1 25 7.3
Start of AVT - - 16 4.7 8 2.3 24 7.0
Death - - 7 241 5 1.5 12 3.5
Relocation to another region - - 1.8 2 0.6 8 2.3
Insufficient follow-up period - - 14 41 33 9.7 47 13.8
Total - - 80 23.5 66 19.4 146 42.8

Note. ART — antiretroviral therapy, AVT — antiviral therapy (hepatitis).
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year saw more patients not responding to ART's antivirus
functions than the first one: 18 patients (5.3 %) against 7 (2.0 %),
espectively. For 20 (80.0 %) of 25 patients, ART was VI due
to violations of regimens. Once they were helped in making a
habit of taking medicines as is proper, the viral load became
undetectable again and there was no need to change the
regimen. For 5 (20 %) patients, picking the optimal ART regimen
took studying drug-resistance of HIV. One patient had less than
1000 copies/ml of HVA RNA so picking the regimen for him
was not possible. In 2 patients, the virus showed no resistance
to drugs so they received further counseling aimed at forming
a habit of taking medicines as prescribed. The remaining
2 patients had HIV resistant (multiple resistance) to NRTls and
NNRTIs, which made it necessary to change their regimens.
Thus, VI of ART that resulted from resistance of the virus to
drugs was registered in 2 (0.6 %) participants in the study.

34 patients had virus resistance to drugs analyzed before
the start of ART (Table 2). 3 patients showed resistance to
two classes of drugs (NRTIs/NNRTIs — 1, NRTI/PI — 2),
2 patients — to one (NNRTI). All patients with multi-resistant
viruses were previously treated with drugs of the aforementioned
classes, to no effect. Patients with resistance to just one class
of drugs never received ART before but got the virus from
partners for whom ART was VI. At that, only one patient was
proved to have cross-resistant virus.

Thus, lax attitude patients show towards treatment regimens
contribute significantly to ART's virological ineffectiveness.
Patients for whom treatment was VI before tend to have
multiple resistant viruses before the start of ART.

Clinical ineffectiveness of ART

30 patients (9 %) had HIV progressing in spite of ART. For more
than half of them (62.5 %) the therapy was Il. 7 patients (23 %)
died due to this progression and a developed disease. Table 3
shows variants of clinical progression.

The majority of patients for whom ART was Cl (clinically
ineffective) had tuberculosis in 1-4 years of therapy. In 11
(61 %) cases tuberculosis was associated with ART being II.
The average content of CD4* T-lymphocytes (M + SD)
associated with clinical progression of HIV in the form of TB is
277 + 194 cells/pL, with the minimum value being 25 cells/uL
and maximum — 616 cells/uL. The average content of CD4+*
that invited herpes infection was 262 + 81 cells/pL, minimum
and maximum values are 174 and 375 cells/uL, respectively.
For Candida esophagitis, the average content of CD4* was
96 + 41 cells/uL, for oral hairy leukoplakia — 296 cells/uL, for
cryptococcosis — 63 cells/pL, for lymphoma — 13 cells/pL.

Il of ART made the risk of clinical progression of HIV 6.232
times higher (95 % CI 3.106-12.51).

13 patients died during the study. Among the causes
of death, TB is the leader (5 people, or 38 %), followed by
diseases CVD (3 people, 23 %). The rest of the deaths were
due to cryptococcosis, cirrhosis, cancer, accidents and suicide
(one case). Half of the deceased patients (7 cases, 54 %)
were "clinical progressors" with ART applied as prescribed.
The risk of death for patients that showed no immunological
response to ART was 18.6 %, while those for whom the
therapy was effective ad this risk at 1.3 %. When assessing
immunological ineffectiveness of ART as a death risk factor, it
was found that Il of ART increased patient's chances of dying
13.8 times compared to patients that had an effective increase
in the number of CD4* T-lymphocytes as a result of therapy
(p < 0.001; 95 % Cl 4.359-44.07). At that, the risk of dying
AIDS was 36.8-times higher (p < 0.001; 95 % Cl 4.42-307.6).

DISCUSSION

We have found that over 3 years, ART can be Il in 22 % of
cases. This is greater than Russian [6] and foreign [3] colleagues
reported earlier. However, considering just 1 year we received
comparable results: ART was Il in 14, 15.7, and 15.9 % of
cases in our study, while Shmagel et al. report 11.3 % [6] and
Moore et al. — 15 % [3]. To make accurate assessments, we
need to monitor patients receiving ART for a long period of time
because every year there may be more patients that do not
respond to the therapy.

For some reason, some patients with "good" immunological
response in the first year of ART did not have the number
of CD4+ T-lymphocytes restoring in the following years of
therapy. It may be connected to peculiarities of ART regimen
[7]. Another possible reason is the development of secondary
diseases in the second or third years of ART, diseases that
hinder restoration of CD4* number [8]. However, in the
context of our study only 3 of 17 patients for whom ART was
Il showed clinical progression of HIV in the second year of
treatment. Perhaps, the Il criteria we have suggested for the
1st year of treatment should be different, i. e. the treatment can
be considered effective in case there is a more pronounced
immune response than 50 more CD4+ cells a year [9, 10]. CD4+
cells numbers increase in the course of one year of therapy
indicates that addition of more than 100 cells/uL within the
1st year enhances immunologic success of the therapy, and
if the number is less than 50 cells/uL, in most cases (but not
always) further restoration of T-lymphocytes will be ineffective.

1st year of ART 2nd year of ART 3rd year of ART
Il repeated Il repeated
24 (7%) 21 (6%)
Dismissed Il first time  Dismissed Il first time
80 (23%) 17 (5%) 146 (43%) 10 (3%)
IE |E first time IE repeated |E first time 3 |E repeated
293 (86%) 12 (4%) 208 (61%) (1%) 161 (47%)
Fig. 2. Groups of patients by immunological response to ART (Il — immunological ineffectiveness, IE — immunological effectiveness)
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Table 2. HIV resistance to antiretroviral drugs, test results (n = 34)
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HIV resistance . . .
to ART Number of patients with HIV resistant to ART drugs.
5 (15 %)
NRTIs NNRTIs Pl
Detected
AZT | 3TC | ABC | TDF | FTC | ddl | d4T | EFV | NVP | ETR | DLV | LPV/r | DRV | ATV | SQV | FPV | IDV | NFV | TPV
2 3 2 1 3 2 1 2 2 - 1 1 - 2 1 1 1 1 -
Not detected 29 (85 %)

Note. ART — antiretroviral therapy; NRTIs — nucleoside reverse transcriptase inhibitor; NNRTI — non-nucleoside reverse transcriptase inhibitor; Pl — protease
inhibitor; AZT — azidothymidine; ABC — abacavir; 3TC — lamivudine; TDF — tenofovir; FTC — emtricitabinum; ddl — didanosinum; d4t — stavudinum; EFV —
efavirenz; NVP — nevirapine; ETR — etravirine; DLV — delavirdine; LPV/r — lopinavir boosted with ritonavir; DRV/+r — darunavir boosted/not boosted with ritonavir;
ATV — atazanavirum; SQV — saquinavirum; FPV — fosamprenavirum; IDV — indinavirum; NFV — nelfinavirum; TPV — tipranavirum.

Table 3. Variants of clinical progression of HIV with ongoing ART (n = 30)

HIV progression cases at various stages of ART

Disease Total 1st year of ART 2nd year of ART 3rd year of ART 4th year of ART

abs. rel., % abs. rel., % abs. rel., % abs. rel., % abs. rel., %
Tuberculosis 18 60 5 17 7 23 3 10 3 10
Herpetic infection 7 23 6 20 1 3 - - - -
Candidiasis 3 10 3 10 - - - - - -
Oral hairy leukoplakia 1 3 1 3 - - - - - -
Cryptococcosis 1 3 1 3 - - - - - -
Lymphoma 1 3 1 3 - - - - - -
Total 31 103 17 57 8 27 3 10 3 10

100 cells/uL can be considered a borderline level at which it
is not possible to predict immunological effectiveness of ART.
It should be noted here that virological effectiveness of
treatment for at least the first year was the inclusion criterion,
thus there no cases of VI of ART for that period of time to
report. Virological effectiveness of ART in the second and third
years of therapy was 92.7 %, which coincides with the data
foreign authors report for a similar period of observation [11].
Same as in other studies, ART was VI mostly due to violation
of regimen (80 % of cases in our study, 56 % — in the study
by Klein et al. [12]). Only 8 % of patients that took part in our
study and 9 % of the patients reported on in Klein's study had
virus resistant to drugs. Initial drug-resistant HIV was detected
in 5 of 34 study participants tested for such resistance. This
justifies the need for testing for virus' drug resistance prior to
start of ART, especially if the patient has had ART VI previously
and/or was infected by a partner with drug-resistant HIV. The
testing should allow choosing the optimal treatment regimen.
The share of "clinical progressors" with ART ongoing was
quite high: 9 %. The majority of patients had tuberculosis in
1-4 years of therapy. 61 % of cases were associated with ART
being Il. We believe that TB could produce an adverse effect
on the development of Il of ART, because one-third (36.5 %)
of study participants whose immune system did not respond
to ART were ill with tuberculosis that developed either before
the start of ART (22 % of patients with Il of ART) or during
ART (15 % of patients with Il of ART), whereas the incidence
of tuberculosis among patients for whom ART was effective
equaled 12 % (p < 0.001). Other variants of clinical progression
of HIV mainly occurred in the first year of ART. This is probably
due to the general TB situation in Russia, which is adverse,
and the threshold CD4+ T-lymphocytes number that allows
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emergence of opportunistic infections. On the one hand,
development of new secondary diseases when the number
of CD4* grows is undesirable since it is associated with an
increased risk of death and greater cost of treatment. On
the other hand, such a development signals that the immune
system is restoring with ART in the background. The average
content of CD4* T-lymphocytes associated with clinical
progression of HIV in the form of TB is 277 + 194 cells/pL.
This means that avoiding clinical progression requires starting
ART early, when the content of CD4* is > 350 cells/uL, and
prevention of secondary diseases (especially tuberculosis).

As for the risk of clinical progression of HIV infection when
ART is Il, the value we got, which is 6.232 times greater risk
(95 % ClI 3.106-12.51), is in the middle between the values
other researchers reported [2, 3].

CONCLUSIONS

We have found that ART is Il in 14.0-15.9 % of cases over
one year and in 22 % of cases over 3 years. Of the 195 people
that participated in the study from start to finish, 12 patients
(6 %) showed ART Il throughout all the years of treatment. It
was noted that the number of cases of ART being Il increases
slightly from the first to the third year of treatment, and it is
largely determined by the number of patients that had ART
I after the first year of treatment. Adequate growth of CD4+*
T-lymphocytes after the first year of treatment requires the cells
to grow their numbers by more than 100 cells/uL during the
first year. This level can be used practically as an indicator of
immunological effectiveness of ART for timely correction of
treatment.
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Virological effectiveness of ART was 92.7 % through two
years. Ineffective viral load suppression was observed in
6.0 % of cases ad resulted from violation of regimen by patients.
Only 0.6 % of cases were VI due to virus' drug resistance.
Thus, proper attention to counseling aimed at forming a habit
of sticking to the regimen can significantly improve virologic
effectiveness of the treatment. The identified the original drug
resistance of the virus (15 %) was associated with previous
ART failures or infection from a partner with a drug-resistant
virus. This fact necessitates testing this category of patients for
HIV resistance to antiretroviral drugs before starting ART.
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DETECTING OCCULT HEPATITIS B WHEN TESTING DONATED BLOOD

Eremeeva ZhG'™, Fazylov VH?

" Republican Clinical Dermatovenerologic Dispensary, Kazan, Russia

2 Department of Infectius Diseases, Medico-Prophylactic Faculty,
Kazan State Medical University, Kazan, Russia

Individuals carrying occult (latent) hepatitis B pose epidemiological threat. Testing donated blood donors for surface antigen
HBsAg (hepatitis B virus, HBV) only does not allow to assume the blood safe from the point of view of infections, which can result
in post-transfusion transmission of infection. Lack of confidence here is due to the fact that the virus is present in the body even
when HBsAg is negative. The study analyzes data of 61,155 blood donors of the Republican Blood Center (Kazan), collected
in 2010-2014. The tests applied were those aimed at detecting HBsAg, anti-HBc-total, anti-HBc IgM (enzyme immunoassay),
and determining DNA of the virus in the blood by polymerase chain reaction in "real time". It was found that donors with occult
hepatitis B are identified each year, but their numbers decrease gradually. To prevent the spread of the virus it is recommended
to add the anti-HBc-total test to the standard set of diagnostic tests.

Keywords: occult hepatitis B, latent hepatitis B, HBV infection, donor, blood, enzyme immunoassay, PCR diagnostics,
HBsAg, anti-HBc-total, anti-HBc IgM
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BbIABJIEHUE OKKYJIbTHOIO M'EMATUTA B NMPU TECTUPOBAHUN
JOHOPCKOW KPOBU

XK. T. Epemeesa'= B. X. ®a3binos?

" PecnybnvkaHCKuin KNMHUYECKIIA KOXXHO-BEHEPOOrMYeckumin aucnanHcep, KasaHb

2 Kabenpa MHDEKLIMOHHbIX 60Ne3Hel, Meanko-NPOMUNaKTUHECKMA (haKysTET,
KagaHckuii rocy1apCTBEHHbI MEANLIMHCKUIA YHMBEpCUTeT, KasaHb

SNaeMNoNorM4eckyo ONacHOCTb MPEACTaBNSAOT LA C OKKYBTHBIM (MaTeHTHbIM) renatutom B. VccnepgoBaHne kpoBu fo-
HOPOB TOJMbKO Ha MOBEPXHOCTHbIN aHTUreH BUpyca (hepatitis B virus, HBV) HBsSAgQ He MoXXeT ob6ecneynTb MosHYO MHAEKLM-
OHHYIO 6E30MaCHOCTb KPOBW, CNEACTBMEM HEro MOXET ObiTb MOCTTPaHCy3MoHHasA nepegada Hekumn. STo 0bbsAcHAETCA
TEM, YTO BMPYC MPUCYTCTBYET B OpraHn3mMe gavke npu otpuruatensHom HBsAg. B paboTe npoaHanuampoBaHbl AaHHble 61 155
OOHOPOB PecnybnmkaHcKoro LieHTpa KposK (KasaHb), nonydeHHble B 2010-2014 . AHanmanpoBanu pesysraTbl TECTUMPOBa-
Hus Ha HBsAg, anti-HBc-total, anti-HBc IgM (MeTogom MMmyHodepMeHTHOro aHanmsa) 1 onpegeneHnsa OHK Bupyca B kKposu
(METOZOM MOANMEPA3HOW LIEMHOW peakumn B «peanbHOM BPEMEHW»). YCTaHOBNEHO, YTO JOHOPbLI C OKKY/BTHbIM renaTtuTom B
BbISIBNAIOTCS EXKErOAHO, XOTSA 1 OTMEYEeHa TEHAEHLISA K CHYDKEHMIO KX Ymcna. [ns npefoTBpalleHns pacnpocTpaHeHns Bu-
pyca B NOnyasaummM peEKOMEHOYETCA BBECTU B CTaHAAPT AvarHOCTUKK HBV-HMeKLMn onpeneneHre mapkepa anti-HBc-total.

KntoueBble cnoBa: OKKy/bTHbIV renatuT B, nateHTHbin renatut B, HBV-nHdekums, [OHOP, KPOBb, UMMYHOMEPMEHTbI aHa-
w3, MUP-gnarHocTuka, HBsAg, anti-HBc-total, anti-HBc IgM

BnarogapHocTu: aBTopbl 6narofapst Pamuns Typaesa 13 PecnybnvkaHCcKoro LieHTpa KpoBi (KadaHb) 3a BO3MOXXHOCTb paboTaTh C KapTamu IOHOPOB U OTYET-
HbIMW (hOpMaMK yHPEXXAEHVIS.
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To avoid transmission of bloodborne infections from donor to
recipient, it is imperative to ensure infectious safety of donated
blood. Screening for hepatitis B (hepatitis B virus, HBV) helped
to significantly reduce incidence of this infection [1]. However,
despite availability of sensitive tests detecting HBV surface
antigen (HbsAg), post-transfusion hepatitis B still occurs [2, 3].
This is due to the fact that the virus can lay dormant in liver tissue
for a long time, and in some cases even in blood of HBsAg-
negative patients [4, 5]. Therefore, occult (latent) hepatitis B is
a risk factor in blood donation and organ transplantation [6].
There are documented cases of HBV DNA found in recipients
that received Hbs-negative blood from donors who had occult

HBV. Thus, there is a real threat of spread of latent hepatitis B
and its further activation in human body when the immunity is
suppressed [5].

The goal of our study was detection of latent HBV at the
stage of donated blood testing.

METHODS
The study was conducted at the Republican Blood Center
(RBC) of the city of Kazan. Data obtained from testing 61,155

donors in 2010-2014 were analyzed, namely: HBsAg tests,
anti-HBc-total tests, anti-HBc IgM tests, HBV DNA tests.
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HBsAg, anti-HBc-total and anti-HBc IgM were identified
by ELISA using commercial reagents made by Vector-Best
(Russia), sensitivity of 0,01 ME/ml. HBV DNA was detected
by polymerase chain reaction in real time using COBAS S 201
(Roshe, Switzerland) device and a set of Sobas TagScreen
MPX Test reagents, v2.0 and CobasTagScreen MPX ControlKit,
v.2.0 (Roche).

RESULTS

HBsAg is the screening marker for HBV-infection. Detection
of this marker when testing donated blood confirms presence
of active infection. Individuals with HBsAg are dismissed as
donors and receive applicable treatment. In 2010-2014,
Kazan's RBC registered 6 to 25 cases of marker detection per
year (Fig. 1), the trend is downward.

Anti-HBc-total tests returned positive in 3.5-6.9 % of
cases a year, which means that blood from 400 to 900 donors
could not be used (Fig. 2). When this marker is detected, the
blood is subject to anti-HBc IgM. In 2010-2014, M-class
immunoglobulins were detected in 2.5-9.9 % of donated blood
samples, with signs of latent HBV in donors' bodies (anti-Hbc-
total positive samples) (Fig. 3). Anti-HBc IgM is the viral activity
market that signals the need for detailed medical examination
of the person.

OPUTMHAJTbHOE NCCINELOBAHVE | 9BOJIFOLINA NHOEKLIN

HBV DNA in blood serum is the main indicator of viral
replication. Approximately 20 % of cases require solely DNA
diagnostics to reveal latent HBV since no other tests are capable
of detecting it [7]. At RBC, PCR is performed in real time to
confirm absence of infection in donors that showed negative
results for classical markers. This extra blood test also helps to
detect active forms of HBV in cases of latent hepatitis B (Fig. 4).

DISCUSSION

In Russia, far from all medical institutions test donated blood for
antibodies to hepatitis B (using anti-HBc-total or anti-HBc IgM
tests), which hinders timely detection of latent forms of HBV.
Our findings allow concluding that absence of HBsAg does not
guarantee infectious safety of donated blood, since a positive
anti-HBc-total test indicates previous exposure to the virus and
a positive anti-HBc IgM test signals an active infection.

HBsAg-negative phase can show low level of virus DNA in
the body: it is detected in liver and rarely in serum [8]. That is
why this phase does not mean full recovery, since a relapse
can occur any moment [9, 10]. Patients with latent HBV were
found to maintain effective immunological response (anti-
HBc total), which can lead to reactivation of HBV and HBsAg
reappearance [11].

The complications of detection of occult hepatitis B arise
from non-mandatory character of tests for markers of latent HBV
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WOUND CARE WITH THE LEAF EXTRACT OF CECROPIN P1-PRODUCING
TRANSGENIC KALANCHOE: HISTOLOGICAL FINDINGS

Belous AS'25, Shevelev AB', Trubnikova EV', Biryukova YuK', Mishina ES?, Loyko EA?, Lebedeva AA3, Zakharchenko NS®
"Research Laboratory “Genetics”,
Kursk State University, Kursk, Russia
2Kursk State Medical University, Kursk, Russia
3 Puschino branch of M. M. Shemyakin and Yu. A. Ovchinnikov Institute of Bioorganic Chemistry of RAS, Puschino, Russia

Management of purulent wounds is a problem that requires particular attention: wounds are a common injury type for which
suppurative complications are frequent, mortality rates are high and antimicrobial therapy may be ineffective due to the
presence of drug-resistant bacteria in the wound. In this work we have studied the effectiveness of wound treatment with the
leaf extract of transgenic Kalanchoe pinnata modified to produce antimicrobial peptide cecropin P1. Purulent wounds infected
with Staphylococcus aureus were modeled in Wistar rats. Four groups of animals were formed, with 10 animals in each group.
In all groups, the wounds were cleansed with 3 % hydrogen peroxide solution once a day; all groups except the controls
received additional treatment. Group 2 received 10 % cefazolin solution, group 3 received kalanchoe juice, group 4 received
the juice of cecropin P1-producing kalanchoe. Histologic stains of biopsy samples were performed after rats were sacrificed
by anesthetic overdose on days 3, 10 and 14 after treatment onset. On day 3, wound dynamics was the same in all groups.
On day 10 exudate was still observed in the controls; in group two exudation was almost finished and regeneration was about
to begin; in groups 3 and 4 the wound defect was filled with granulation tissue. In spite of epidermal repair along the wound
edges in groups 2 and 3, there still was some sloughing and granulation tissue was less mature than in group 4. We recommend
conducting more extensive clinical research of the leaf extract of cecropin P1-containing transgenic Kalanchoe pinnata.

Keywords: wound healing, purulent wound, Staphylococcus aureus, Kalanchoe pinnata, cecropin P1, antimicrobial treatment
Funding: this work was supported by the Ministry of Education and Science of the Russian Federation (Grant No. 14.607.21.0016 dated June 5, 2014,
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JIEMEHUE PAH SKCTPAKTOM JINCTbEB TPAHCIEHHOIO KAJIAHXO3
C LUEKPOIMNMHOM P1 (TMCTONOIMNMYECKOE NCCJIEAOBAHUE)

A. C. benoyc'?®, A. b. LLleBenes', E. B. TpybHukosa', tO. K. Buptokosa', E. C. MulunHa?, E. A. Jloko?, A. A. Jlebenesa®,
H. C. Baxap4yeHko®
"Hay4yHo-1ccnenoBatenbckas naboparopust «[eHeTuka,
Kypckuin rocyfapCTBeHHbI yHBEpCUTeT, Kypck
2 KypCKuii rocydapCTBEHHbI MEANLMHCKNIA YHUBEPCUTET, Kypck

STlyLwmHeKMin cornman,
VHCTUTYT B1oOpraHNHecKon xummnmn nMvenHn akagemmnkos M. M. LLemsknHa n FO. A. OB4mHHMKOBA, [TywmHo

[Mpobnema neveHnss MHOVHbIX paH akTyasbHa B XMPYPrM B CBSA3M C PACMpPOCTPaHEHHOCTBIO paH PasinyHoON STUOMoriu,
HYaCTOTOW THOMHbBIX OCIOXKHEHWIA, BbICOKOW NETASIbHOCTBIO, MOSABAEHMEM aHTUOMOTUKOPESNCTEHTHBIX LUTAMMOB GaKTepuii.
B pabote nccnegoBaHa 3hMeKTNBHOCTL (hapMakoTepanim paHeBOro MpoLecca 3KCTPAaKTOM JIMCTBEB TPAHCIEHHOMO Ka-
JIAHX03 MEPUCTOrO C aHTUMUKPOBHBIM MEMTUAOM LIEKPOMMHOM P1. THOMHYIO paHy MOAenMpoBan Ha Kpbicax nnHum Wistar
C BHECEHMEM B paHy KynbTypbl Staphylococcus aureus. CchopmmpoBanin 4 rpynnbl Mo 10 »KMBOTHbIX B kaxxdon. Bo Bcex
rpynnax paHbl obpadartbiBanv eXXeAHEBHO OOHOKPATHO 3 % pacTBOPOM MEPEKUCK BOOAOPOAA W AOMOMHUTENbHBIM Mpena-
paTtom, Kpome rpynnbl 1 (KoHTponbHOM). B rpynne 2 ncnonedosanv 10 % pacteop LedasonuHa, B rpynne 3 — COK Ka-
J1aHX09, B rpynne 4 — COK KajaHx0d C LieKponMHOM P1. TncTonormdeckoe nccneqoBaHne paHeBbix GMOMTATOB MPOM3BO-
anm Ha 3, 10 n 14 cyTkn C Hadana fieveHvs Nocse BbIBEAEHUS KPbIC 13 SKCMepUMEHTa NMyTeEM Mepeno3npoBKN HapKo3a.
Pesynbratsbl neveHns vepesd 3 cyT Obl CXOXKUMK BO Bcex rpynnax. Yepes 10 cyT Onaa paH KpbIC KOHTPOSBHOW Fpymmbl
Oblna oTMeYeHa He3aBepLUEHHOCTb (hasbl aKCCyaauum, rpynnbl 2 — nepexod dasdbl aKkccyaaumm B hasy pereHepaumm,
a rpynn 3 1 4 — NOKpbITVE MPaHYNSALMOHHON TKaHbto. HECMOTPST Ha BOCCTAHOBMEHME SMMAEPMICA MO KPasiM paH B rpynnax
2 1 3, Koe-rae CoxXpaHancst CTpyn, a rpaHynsauUmnMoHHas TkaHb Oblna MeHee 3penon, Yem B rpynne 4. Pe3ynsraTtel MO3BOASOT
PEKOMEHOOBAaTb 3KCTPAKT NINCTbEB TPAHCIEHHOIO KasiaHxo3d MepuUcToro C LEKPONMMHOM P1 Ans LUMPOKOro KIMHUHYECKOTO
N3yHEHNSI.

KntoueBble crioBa: paHeBOV MpoLecc, rHoHasa paHa, Staphylococcus aureus, kanaHxoa nepuctoe, Kalanchoe pinnata,
LekponuH P1, aHTUMrKpobHas Tepanus

®duHaHcupoBaHue: paboTa BbinosHeHa Npy nopaepxke MuHucTepcTea obpasoBaHus U Haykn PO (cornawerne Ne 14.607.21.0016 ot 5 ntoHa 2014 r., wmndp
RFMEFI60714X0016).

BnaropgapHocTu: BukTopy JlazapeHko 13 Kypckoro rocyaapCTBEHHOrO MEAMUMHCKOrO yHUBepeuTeTa 1 AnekcaHapy XyauHy 13 Kypckoro rocyfapCTBEHHOro
YHMBEPCUTETA 32 BO3MOXXHOCTb BbIMOMHEHUS 9KCMEPUMEHTasbHON HacTy UCCNeA0oBaHMs Ha 6a3de Hay4YHO-UCCNefoBaTeNnbCKIX nabopaTopuii YHUBEPCUTETOB.
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Treatment of purulent wounds of various origins is complicated
by frequent suppurative complications and associated with high
fatality rates entailing considerable expenses [1, 2]. According
to some authors, suppurative complications account for 30—
35 % of all surgical conditions, causing death in 25 % of cases
[3-5].

There are a lot of approaches to treating purulent
wounds [6-10]; new methods are also being continuously
developed and introduced into clinical routine. Among them
are hyperbaric oxygen therapy, laser therapy, magnet therapy,
wound treatment in the aseptic environment, etc. [11-15]. But
the most common method relies on the use of dressings, since
they are available, easy to use and cheap [16-18].

It should be noted that overuse or misuse of antibacterial
drugs promotes antibiotic resistance in bacteria impeding
treatment of complex chronic diseases, such as venous
leg ulcers in diabetic patients who have to undergo a long-
term antibacterial therapy [19, 20]. Promising alternatives
to traditional antibiotics are antimicrobial peptides and
biostimulators that promote healing, such as kalanchoe.

Many plants of the genus Kalanchoe are medicinal herbs:
their juice is used to treat burns, dermal wounds, and ulcers;
they can be used as biostimulators after skin grafting. Kalanchoe
juice is rich in flavonoids, such as bufadienolides and lectins
known to trigger mitosis in lymphocytes, vitamins, organic
acids, polysaccharides, antioxidants, and micronutrients [21,
22]. So far, transgenic plants — “bioreactors” for producing
active pharmaceutical ingredients — have been engineered
based on K. daigremontiana [23, 24], K. laciniata [25] and
K. blossfeldiana [26]. Of them all, K. pinnata has the most
substantial pharmacological potential. In 2012 a new method
was developed to obtain transgenic K. pinnata plants in which
the gene of cecropin P1 is expressed [27].

Cecropin P1 is a secretory factor of a large roundworm of
pigs, Ascaris suum; it belongs to the group of linear a-helical
peptides that do not contain cysteine [28]. Unlike insect
cecropins, porcine cecropin P1 consists of a long positively
charged a-helix that carries a large number of amino acid
residues. In the experiments in vitro, cecropin P1 has been
shown to be highly active against gram-positive and gram-
negative pathogenic bacteria [29], fungi [30] and some tumor
cells [31], but its antimicrobial activity in vivo has not been
reported so far.

In light of the above, our work aimed to assess the effect of
the leaf extract of transgenic cecropin P1-producing K. pinnata
on purulent wounds infected with Staphylococcus aureus in
the rat model.

METHODS

The experiment was carried out in Wistar rats (age of 4 months,
weight of 200-220 g) that had been quarantined prior to the
experiment in the animal facility of the Research Institute for
Environmental Medicine of Kursk State Medical University. Only
healthy animals were chosen for the experiment. The animals
were housed in a standard biologically clean room at 22—
24 °C under 12/12 light cycle. All rats received pellet food and
filtered tap water. Treatments were conducted in the afternoon
at a fixed time. The rats were anaesthetized with intraperitoneal
injections of the chloral hydrate aqueous solution, 300 mg/kg
body weight, and sacrificed with its overdose. The experiment
was conducted in compliance with the principles of the
European Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific Purposes
(Strasburg, 1986).
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The animals were stratified by body weight and the type
of treatment applied. The rats with a modeled purulent wound
infected with S. aureus were distributed into the following
groups: group 1 (controls) consisted of animals treated with
3 % hydrogen peroxide (n = 10); group 2 included animals
treated with 3 % hydrogen peroxide and 10 % cefazolin solution
(n = 10); group 3 included animals treated with 3 % hydrogen
peroxide and kalanchoe juice (n = 10); group 4 consisted of
animals treated with 3 % hydrogen peroxide and transgenic
kalanchoe juice with cecropin P1 (n = 10). Wounds were
modeled on the anaesthetized animals under sterile conditions.
A 20 x 20 mm area on the back was shaved to remove hair and
treated with an aseptic followed by the excision of the skin and
subcutaneous tissue. Then 1 ml of 108 CFU/ml S. aureus 592
solution (a 24-h old culture) was introduced into the wound. To
provide uniform treatment conditions, prevent the wound from
deformation, drying, contamination or animal bites, a piece of
gauze dressing was sewn onto the skin to cover the wound.
In 48 h all animals showed typical signs of inflammation and
suppuration. After sutures were removed, the dressing was
taken off, puss was drained and wound care was performed
once a day for 14 days in a row.

Biopsy was performed on days 3, 10 and 14 after treatment
onset; the animals were sacrificed in threes. Soft tissue samples
were excised from the wound bed and the adjacent edges
using the razor. The samples were immediately fixed in 10 %
neutral formalin solution, dehydrated through an ascending
series of alcohols and embedded into paraffin according to the
standard protocol. Paraffin slices were stained with hematoxylin
and eosin.

Microscopy and microimaging were performed using the
optical system consisting of Leica CM E microscope (Leica
Microsystems, Germany) and Micromed DCM-510 SCOPE
digital camera (Nablyudatelnie pribory, Russia) at magnifications
of x40, x100, x200 and x400; images were captured using
Future Win Joe software (Future Optics, China) supplied with
the digital camera. In the course of the histological analysis,
we assessed inflammation intensity, the onset of granulation,
epithelialization at wound edges, and quality of the new
epithelium. A cell profile of the tissue adjacent to the wound
edges or of the newly formed tissue at later healing stages
was also prepared. Fibrous tissue was differentiated from other
cells karyologically. The proportion of various type cells was
calculated after counting 100 cells in = 10 non-overlapping
fields of view.

Statistical analysis was performed using Microsoft
Excel 10.0. Mean value (M) and standard error of mean (m)
were computed for all parameters. The two-sample t-test
with unequal variances was applied to compare the groups
and establish differences between them. Differences were
considered significant at p < 0.05

RESULTS
Treatment outcome in group 1 (controls)
Day 3

Purulent wounds showed signs of acute suppurative
inflammation. The wound surface was covered with fibrinous
and leukocyte detritus; underneath, degrading leukocytes were
accumulating and hemorrhagic areas were observed. Tissues
adjacent to the wound were edematous showing signs of
leukocyte infiltration. Edema and infiltration were observed in
deeper layers, down to the muscle tissue. The epithelium at the
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wound edges was thickened and disorganized. In the dermis,
collagen fibers were swollen and blood vessels were dilated
and plethoric (Fig. 1, A).

Day 10

The wounds were filled with a purulent necrotic mass; the
epidermis at the wound edges was thickened. Macrophages
and mast cells were observed in the dermis which showed
conspicuous leukocyte infiltration (see Table). Interstitial edema
had spread into deeper dermal layers down to the muscle
fibers (Fig. 1, B).

Day 14

Deep leukocyte infiltration was still present; the wounds were
filled with necrotic tissue. The dermis was edematous at the
wound edges, and the epidermis was thinned. Edema and
infiltration persisted in the underlying muscle tissue. Granulation
tissue started to develop in the wound bed; occasional
microabscesses were observed filled with leukocytes (Fig. 1, C).

Treatment outcome in group 2 (10 % cefazolin solution)
Day 3

Histology revealed signs of acute suppurative inflammation.
The wounds were filled with necrotic tissue; multiple leukocyte
and fewer neutrophil infiltrates were observed. A large number
of macrophages were spotted in a field of view (Fig. 1, D).

Day 10

Connective tissue was actively growing in the dermis to form
the organized structure; fibroblastic cells and macrophages
were abundant (see Table). Epithelial cells were vigorously
proliferating and differentiating. (Fig. 1, E).

Day 14

Areas of the new epidermis with clearly differentiated layers
were noticed, but its thickness exceeded that of the intact skin.
Granulation tissue was mature. A few inflammatory microfoci
were spotted in deeper dermal layers. On the whole, the wound
granulated actively; granulation tissue was subsequently
replaced by fibrous tissue. The skin defect was covered with
multiple collagen fibers running in different directions (Fig. 1, F).

Treatment outcome in group 3 (kalanchoe juice)
Day 3

We observed a morphological pattern similar to that in the
controls and group 2. Mast cells were actively involved in the
reparative process indicated by the increased number of total
cells near the wound. The wound retained residual purulent
exudate and necrotic tissue. (Fig. 2, A).

Day 10

The epidermis at the edges started to advance to the wound
bed where foci of granulation tissue had already appeared.
Single collagen fibers were arranged chaotically surrounded
predominantly by fibroblasts and macrophages (Table, Fig. 2, B).

Day 14

In some samples, complete epithelialization was observed.
Variably mature granulation was observed in the derma.
Collagen fibers were surrounded by fibroblasts and ran parallel
to the skin surface (Fig. 2, C).

Treatment outcome in group 4 (juice of transgenic
kalanchoe producing cecropin P1)

Day 3

The wounds were filled with necrotic tissue. The samples
contained a lot of neutrophils. Marked edema and dilated
capillaries were observed in the derma (Fig. 2, D).

Day 10

Regeneration was accompanied by a localized inflammatory
response induced by the arrival of neutrophils at the wound
site. Inflammatory infiltrates were polymorphic. The wound
bed was granulating. Vigorous angiogenesis improved tissue
vascularization in the area surrounding the wound; edema
diminished, inflammatory infiltration decreased (Fig. 2, E).

Day 14

The wound was filled with multiple collagen fibers surrounded
by fibroblasts. Fibers were arranged chaotically, though
horizontal orientation prevailed. The epithelium was advancing
growing over the granulation tissue. It was thicker than the
intact skin (Fig. 2, F).

Comparison of treatment outcomes

Histological analysis conducted on day 3 of the experiment did
not reveal any significant differences in treatment outcomes in
different groups. However, on day 10 the situation was different.
The exudative phase was still unfinished in the control group. In
group 2 the exudative phase was giving way to the remodeling
phase. In groups 3 and 4 the wounds were granulating.

On day 14 the number of fibroblasts significantly exceeded
the number of granulocytes and macrophages in groups 3
and 4 (see Table) indicating an active regenerative process.
Regeneration was the most successful in group 4 (transgenic
kalanchoe with cecropin P1). By the end of the experiment
the wounds in this group had been fully covered with the new
epidermis.

DISCUSSION

Since 2007, a number of authors have described the
process of obtaining a transgenic K. pinnata able to express
the cecropin P1 gene and accumulate this peptide in the
cytoplasm [30]. Accumulation of cecropin P1 and its effect on
phytopathogens and traditional bacterial cultures have been
assessed in vitro. However, neither of those works contain
any information about the therapeutic effect of transgenic
kalanchoe juice in the treatment of infections in animas. Still,
healing, immunomodulatory and remodeling properties of
K. pinnata [32] may enhance the antibacterial effect of cecropin
P1 in the experiments with the transgenic plant in vivo.

Our study demonstrates that kalanchoe juice expedites
transition from the first stage of the inflammatory process
to remodeling. In comparison with the controls, kalanchoe
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Fig. 1. Histological study of wounds modeled in rats. (A-C) Histological slices of animals in the control group (group 1) sacrificed at different stages of the experiment:
(A) on day 3; (B) on day 10; (C) on day 14. (D-F) Histological slices of animals in group 2 (additional treatment with 10 % cefazolin) sacrificed at different stages of the
experiment: (D) on day 3; (E) on day 10; (F) on day 14. Hematoxylin and eosin staining, x280
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Fig. 2. Histological study of wounds modeled in rats. (A-C) Histological slices of animals in group 3 (additional treatment with kalanchoe juice) sacrificed at different
stages of the experiment: (A) on day 3; (B) on day 10; (C) on day 14. (D-F) Histological slices of animals in group 4 (additional treatment with kalanchoe juice containing
antimicrobial peptide cecropin P1) sacrificed at different stages of the experiment: (D) on day 3; (E) on day 10; (F) on day 14. Hematoxylin and eosin staining, x280
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Proportion of various cells in the modeled wounds with regard to the treatment type and the day of sacrifice

Day of sacrifice
Group 3 10 14
Fibro- Macro- | Granulo- | Lympho- Fibro- Macro- | Granulo- | Lympho- | Fibro- Macro- | Granulo- | Lympho-
blasts phages cytes cytes blasts phages cytes cytes blasts phages cytes cytes
1 (controls) 14,7 + 12,9+ 49,9 + 22,5 + 17,0 + 13,3 = 48,0 + 21,7 + 24,9 + 38,7 + 15,6 = 20,8 +
0,7 0,3 1,8 0,6 0,4 0,2 2,8 0,3 0,5 1,7 0,8 0,3
2 (10 % cefalozin 9,5+ 59,3 + 23,3 + 15,2 + 62,4 + 14,9 = 31,9+ 51,7 =
solution) 0,2 2,1 7902 0,2 0,1 13 | 7004 0,6 0,7 o6 |84*01[80+01
3 (kalanchoe 129 + 37,1 + 30,3 + 19,7 + 17,7 = 38,9 + 15,6 = 27,8 + 24,0 + 47,3 + 14,4 + 14,3 +
juice) 0,6 0,7 1,6 0,4 0,2 1,6 0,2 0,4 0,6 2,5 0,2 0,2
ti('c‘:'i"‘:h"e 121+ | 214+ | 440+ | 225+ | 205+ | 2389+ | 242+ | 314+ | 301+ | 264+ | 184+ | 251«
! . 0,2 0,4 1,2 0,1 1,0 0,4 1,1 2,6 1,2 1,6 1,1 1,2
cecropin P1)
treatment promoted faster elimination of edema and lymphocytes, including those that recognize specific pathogen

debridement of necrotic tissue, stimulated granulation and
epithelialization. The polymorphic cell profile and the presence
of variably mature fibroblastic cells indicate a stimulating effect
of the transgenic kalanchoe on the proliferative and functional
activity of granulation tissue. The therapeutic effect of transgenic
kalanchoe juice is very marked at the last stage of wound healing
in comparison with the controls. A combination treatment with
1 % cefazolin and kalanchoe juice was more effective than the
treatment received by the controls. Still it was less effective
than in the group treated with transgenic kalanchoe: in spite of
complete regeneration of the epidermis at the wound edges in
groups 2 and 3, sloughing was still observed, and the presence
of various cell types in the granulation tissue indicated that it
was less mature in comparison with group 4. Full epidermal
closure in group 4 and integumentary structures indicated
faster regeneration and complete skin restoration due to a
more active migration and proliferation of endotheliocytes and
vigorous angiogenesis.

Surprisingly, transgenic kalanchoe juice produced a stronger
inhibitory effect on the growth of S. aureus in vivo than we had
expected knowing about its antibacterial activity demonstrated
in some experiments in bacterial cultures in vitro [30]. This might
be due to the combined antimicrobial effects of P1 cecropin and
endogenous bufadienolides of K. pinnata. Besides, the rate of
pathogen elimination from the wound could be determined to a
great extent by hemagglutination of K. pinnata lectins that have
an immunostimulatory effect [33]. Similar to concanavalin and
phytohemagglutinin, these lectins can promote proliferation of
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KJTKOMEBbBIE NMOKASATEJIN PE3YJIbLTATUBHOCTWN AEATEJIbHOCTU
HAY4YHbIX OPFTAHU3ALNA B COEPE 3O0PABOOXPAHEHUS 3A 2011-2015 IT.
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OnpepneneHbl 16 KIHOHYEBbIX KPUTEPUEB PEe3ymLTATUBHOCTY OEATENbHOCTY Hay4YHbIX OpraHmsaumin B chepe 3apaBooxpaHe-
HISA, XapaKTepV3YIOLLVX Pe3yNLTATUBHOCTL 1 BOCTPEO0BaHHOCTL Hay4HbIX MCCeO0BaHni, pasBuTe KagpoBoro NoTeHumana,
VHTErpaLmio B MMPOBOE Hay4HOE MPOCTPaHCTBO, PACMPOCTPAHEHVE HayYHbIX 3HAHWA 1 NOBbILLIEHWe NMPEeCTKa HayKu, pe-
cypcHoe obecrieqeHiie OeATeNbHOCTY OpraHnsaLuii. B pamkax KNnaccuuKaLmoHHOro Noaxoaa PaccMoTPeHbl MeanuLHCKMe
Hay4Hble YHPEXOeHs), NMokasaHbl X 0cobeHHOCTY. [pencTaBneHa CMCTEMHas OLgHKa PesyNsTaTMBHOCTY AeATeNbHOCTY Ha-
Y4HbIX OpraHMsaLmin B cchepe 3apaBooxpaHeHnst. [poaeMoHCTPMpOBaHa BbICOKAs 3HAYMMOCTb MoKasaTesen, oTparkatoLLmX
PEe3yNLTATVBHOCTL 1 BOCTPE6OBAHHOCTL HayyHbIX MCCneaoBaHuin. OTMEYeHbI HEeAOCTATOYHOCTb NMPUMEHSIEMbIX MapaMeTpPOB
1 OTCYTCTBME CMCTEMHOMO MOAXoAa K aHanmay KagpoBoro noteHuyvana. [lokasaHa BaXkHast porib AONONHUTENbHBIX KpUTEepHes
oLieHKK, cocTaBuBLLMX 37,5 % 06LLEel [onM KIoYeBbIX NokasaTtesnei.

Knio4yeBble crioBa: pesy/kTaTMBHOCTb AEATENIbHOCTY Hay4qHOW OpraHuaaLuv, KIKYeBble nokasaTenn pesynsTaTUBHOCTY,
Hay4Hasi opraHMsaLvs B cepe 3apaBoOXpaHeHsl, rocyaapCTBeHHas Hay4qHasi opraHuaaLmst
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Evaluating the performance of healthcare research institutions
is exceptionally significant and of vital importance for the further
development of Russia’s research potential. The importance of
this analysis was dictated by the need to increase efficiency
amidst modernization of the public sector of science [1, 2]. On
the other hand, modern theoretical and practical developments
and tools used to assess the output of medical research
institutions often do not facilitate comprehensive monitoring of
their activities.

The peculiarity of the Russian methodological approach
to analysis of the performance of healthcare research

organizations is that a large number of criteria are used, unlike
what is obtainable in a number of Western countries [3, 4].
A typical evaluation method applied in Russia [2] is based
predominantly on quantitative rather than qualitative indicators.
Additional criteria are used for systemic monitoring, including
for institutions with bed space facilities. Since the outcome of an
analysis directly determines financing decisions, identification
of key criteria is particularly important.

The activities of medical research institutions have
characteristic specificity and important differences from the
activities of other research institutions [5, 6]. Performance
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indicators approved for healthcare research institutions include
monitoring of the following areas:

e output and relevance of scientific research;

e human resource development;

e integration into the international scientific community,
dissemination of scientific knowledge and promotion of the
prestige of science;

e resource support for the activities of the research institution.

METHODS

Performance indicators for 55 research institutions subordinated
to the Russian Ministry of Health for the period 2011-2015
were investigated.

In accordance with the accepted classification, the above
research institutions subordinated to the Russian Health
Ministry (n = 55) were divided into three groups: those with bed
space facilities (n = 41), those without bed space facilities (n =
4), expert and socially important organizations (n = 10).

Statistical analysis was performed using software package
Statistica 10.0. The Kolmogorov—Smirnov test by Lilliefors was
used to test statistical hypotheses about type of distribution.
It was found that in all cases, the data were not subject to the
normal law of distribution; so nonparametric tests were used
for statistical analysis.

Kruskal-Wallis test and the median test were used to
determine the key performance indicators for healthcare
research organizations. Additionally, the years 2011 and 2015
were compared in terms of Mann-Whitney U test and it was
found that these figures change sufficiently enough.

Correlation analysis was performed using the Spearman’s
rank correlation coefficient. Indicators that change over time
were included in the correlation analysis with background
indicators for 2011, since it is the starting point of reference.
P-value < 0.05 was taken as the level of statistical significance.

Amount of key performance indicators;
N
1

Areas of expertise:

[l Output and relevance of scientific research;

RY [ntegration into the global scientific community, dissemination
of scientific knowledge and promotion of the prestige of science;

Ny Resource support for the activities of the research institution;
E Additional indicators, including for evaluation of the performance
of research institutions that have bed space facilities

Fig. 1. Structure of key performance indicators for healthcare research institutions
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RESULTS

Most research institutions (74.5 %) under the Russian Ministry
of Health have bed space facilities. However, this does not
simplify the assessment procedure — you cannot apply
indicators characterizing healthcare delivery to the other
research organizations. In this regard, additional criteria are
applied in analyzing the performance of research institutions
with bed space facilities.

Statistical analysis of the 5-year dynamics (2011-2015) of
performance criteria uncovered 16 key performance indicators
(p < 0.05). The structure of the criteria earmarked and their
proportion in the total number of parameters are shown in
Fig. 1 and 2.

For the period 2011-2015, the following key indicators
were identified.

Key performance indicators and relevance of scientific research:

1. Cumulative impact factor of journals where the articles of
the organization are published. It should be noted that this
indicator was found to have a moderate correlation with the
number of Doctors of Sciences (the highest academic degree
in Russia and many other post-Soviet states obtained after
obtaining a PhD degree) (r, = 0.455, p < 0.01), with intramural
(r, = 0.449, p < 0.01) and extramural (r, = 0.411, p < 0.01)
current expenditure on scientific research and development,
and with the number of articles of the organization published in
journals indexed in Web of Science (r, = 0.406, p < 0.01).

2. Number of used intellectual property transferred under a
license agreement. It was found that this indicator has moderate
correlation with intramural current expenditure on research and
development, including expenditure on exploratory research
(r,=0.475,p < 0.01).

3. Number of used intellectual property contributed into the
authorized capital.

©O) ® ® ® ®

100 -

12,5 9.5

Indicators: M key B other

Output and relevance of scientific research
Human resource development

Integration into the global scientific community, dissemination
of scientific knowledge and promotion of the prestige of science

Resource support for the activities of the research institution

Additional indicators, including for evaluation of the performance
of research institutions that have bed space facilities

@0 @O0

Fig. 2. Proportion of key performance indicators for healthcare research
institutions in the total number of indicators in each field
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4. Number of small innovative enterprises created with the
participation of that institution.

5. Cumulative average staff number at small innovative
enterprises.

6. Cumulative income at small innovative enterprises.

7. Financial impact of the research institution by income
sources. Thisindicator was foundto have aweak relationship with
intramural current expenditure on research and development
(r, = 0.302, p < 0.05), including a positive correlation with basic
research (r, = 0.351, p < 0.01) and negative correlation with
exploratory research (r, = -0.324, p < 0.05).

Key indicator: integration into the global research community,
dissemination of scientific knowledge and enhancement of
prestige of science

The number of traffic (visits) to official sites and/or web pages of
the institution on the Internet is defined by a single key indicator.
The criterion was found to have a moderate correlation with
the number of positive and neutral mentions of the institution
in the federal media (r, = 0.357, p < 0.01), including in online
publications (r, = 0.325, p < 0.05), and with the number
of publications of the organization in journals indexed in the
Russian Science Citation Index (r, = 0.339, p < 0.05).

Key indicators: resource support for the research institution:

1. Expenditure on fixed assets and intangible assets, including
buildings and structures, machinery and equipment. The
indicator was found to have a moderate correlation with
financial performance of research institution by type of work
performed and services rendered, including production goods,
works and services (r, = 0.491, p < 0.01).

2. Intramural current expenditure on basic research. This
indicator correlated with the financial performance of research
institution by type of work performed and services rendered: by
number of research and developments (r, = 0.548, p < 0.01);
with  number of employees engaged in research and
development (r, = 0.516, p < 0.01), including researchers
(r, = 0418, p < 0.01), among whom are PhD holders
(r, = 0.405, p < 0.01) and Doctors of Sciences (r, = 0.368,
p < 0.01) aged not above 39 years (r, = 0.505, p < 0.01).

All the key indicators of resource support for a research
institution were interconnected with the financial performance
of the research institution by type of work performed, by
services rendered and by income sources.

Key additional performance indicators for a research institution:

1. Number of research critical technologies from the list
approved by the Scientific Council of the Russian Ministry
of Health. This indicator correlated with the number of
publications in journals indexed in Scopus (r, = 0.367, p < 0.01),
and with the number of innovative medical technologies used
at the institution and approved by the Scientific Council of the
Russian Ministry of Health (r, = 0.356, p < 0.01). The indicator
was found to be weakly correlated with the number of positive
and neutral mentions of the organization in the federal media
(r, = 0.295, p < 0.05), including in the federal print media,
television and radio (r, = 0.291, p < 0. 05), and with the number
of researchers sent to work in leading Russian and international
research and educational organizations (r, = 0.268, p < 0.05).

2. The proportion of highly skilled medical doctors out of
the total number of medical doctors. Curiously, this indicator
was found to have a negative correlation with the total number

of scientific, design and technological works (r, = -0.273,
p < 0.05), with the number of positive and neutral mentions
of the organization in the media (r, = -0.311, p < 0.05), with
financial performance of the research institution by type of
work performed and services rendered (by research and
development) (r, = -0.308, p < 0.05), and with the number of
prepared draft healthcare delivery standards and procedures,
clinical practice guidelines and other regulations (r, = -0.276,
p < 0.05).

3. Number of innovative medical technologies used at
the institution and approved by the Scientific Council of the
Russian Ministry of Health. This indicator correlated with the
number of publications of the organization in journals indexed
in Scopus (r, = 0.367, p < 0.01), with the number of intellectual
property created (r, = 0.406, p < 0.01), including those with
state registration and/or legal protection in Russia (r, = 0.392,
p < 0.01), and with the percentage of residents of other regions
that received high-tech health care (HHC) at that institution
(r,=0.360, p < 0.01).

4. Federal nature of the institution: the percentage of people
from other regions who have received specialized medical care
in that institution. This indicator moderately correlated with
the number of people from other regions who received HHC
(r,=0.474, p < 0.01), and with the number of Federal subjects
of Russia, whose residents were treated in the reporting year
(r,=0.437, p < 0.01).

5. Percentage of medical care expenses under mandatory
health insurance (percentage of the total cost). This indicator
correlated with the number of intellectual property created
(r,=0.350, p <0.01), including those with state registration and/
or legal protection in Russia (r, = 0.459, p < 0.01), with financial
performance of the research institution by income sources
(r, = 0.369, p < 0.01), with intramural current expenditure on
basic research (r, = 0.417, p < 0.01).

6. Number of prepared draft healthcare delivery standards,
draft healthcare delivery procedures, clinical practice guidelines
(treatment protocols) and other regulations. This indicator
was found to be correlated with the number of publications
of the organization in journals indexed in Scopus (r, = 0.384,
p < 0.01), with the financial performance of the research
organization by type of work performed and services rendered,
including educational services (r, = 0.394, p < 0.01), specialist
training under continuing professional education programs on
unique technologies along the profile of that research institution
(r, = 0.449, p < 0.01), and with the percentage of residents of
other regions who received HHC (r, = 0.358, p < 0.01).

DISCUSSION

Analysis of performance indicators for research institutions
subordinated to the Russian Health Ministry identified 16 key
criteria, most (43.75 %) of which characterize the output and
relevance of scientific research.

Scientometric analysis, which is of particular importance
for systemic evaluation [7-9], revealed that among the criteria
analyzed (number of publications in journals indexed in the
Russian Science Citation Index, Web of Science and Scopus,
total number of citations of publications of the institution, etc.),
the cumulative impact factor of journals where the articles of the
organization are published is a key indicator. This is probably
due to a more careful selection of journals — since publications
in top-ranking journals, including foreign journals, increase not
only the citation of authors, but also the interest of foreign
colleagues in Russian research and future collaboration.
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The innovative development model of Russian science
involves closer relationship with the economic sector [10].
Against this background, a special role belongs to small
innovative enterprises and key indicators reflecting their
activities. However, over the studied period — 2011-2015 —
medical research institutions showed virtually no interest in
commercialization of their intellectual products. It was found
that small innovative enterprises created only 14.5 % of
organizations with bed space facilities.

The standard human resource evaluation for healthcare
research organizations includes four quantitative indicators,
none of which is a key indicator. The absence of qualitative
factors and the different importance of investigated parameters
create obstacles to a full-fledged analysis. According to a
number of researchers [5, 11], an effective human resource
evaluation requires a systemic approach, which includes
monitoring of professional competence, learning ability,
conditions and wages, and many other indicators.

Since the output of institutions depends on the research
performed and other works related to the main activities of the
institutions, as well as on conformity of the state of national
science to modern world standards [12—15], there is need to
develop quality criteria for a particular area.

During the period under consideration — 2011-2015 —
despite a decline in the number of mentions of research
organizations in the media, a sharp increase in visits to the
official websites of medical research institutions was revealed.
Presumably, this is due to increased online activity by interested
persons.

The use of additional performance criteria for evaluation of
healthcare research organizations has proved its worth — they
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