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Abstract

Background

On January 30, 2020, the Director-General of the World Health Organization (WHO)
declared the international outbreak of new coronavirus 2019-nCoV (Public Health
Emergency of International Concern -PHEIC), as enshrined in the International Health
Regulations (IHR, 2005).

The current pandemic has uncovered our vulnerability and fears turning our lives upside
down.

We have been forced to a more resourceful approach with a view to contain and limit
potential damage.

The current events have put significant strain on hospital organisations all over the world.
Objective

At a time when, in the absence of specific therapy to treatcardio patients and a vaccine only
recently approved, social distancing is one of the main measures used to combat the
COVID-19 pandemic, telemedicine is gaining ground as a key technology for safe and
efficient communication between doctors and patients.

The aim is to highlight the major role played by telemedicine and telehealth during the
pandemic with reference to the potential implications for the foreseeable future.

Methods

We have attempted to give a survey on telemedicine and telehealth applications in Italy
and UK before and during the management of the pandemic.

Results
4


mailto:capoccia@doctors.org.uk
mailto:claudio.delazzari@ifc.cnr.it
mailto:domenico.pisanelli@cnr.it
mailto:beatrice.delazzari@gmail.com
mailto:claudio.delazzari@ifc.cnr.it

Some examples of the application of telemedicine and telehealth with reference to their
impact and relationship with end users have been highlighted.

Conclusion

Telemedicine and telehealth are likely to become more established in the future. We may
have to reconsider our current working patterns towards a more beneficial and cost-
effective way of living and working.

Key words: Telemedicine, Telehealth, COVID-19, Cardiovascular Disease.

Introduction

The world is on its knees. This is the utter reality and it would be foolish to deny it.

The recent events have confirmed how vulnerable and unprepared we are to face a viral
illness that is claiming thousands of lives despite our highly advanced level of technology
and knowledge.

Our daily activities and jobs have been suddenly forced to a complete rearrangement. Small
and large businesses forced to stop. Whole countries in lockdown in an attempt to slow
down and contain an invisible killer we do not know much about. Hospitals, GP surgeries
and other primary care centres have been forced to redirect the available resources to fight
against the new “black death”. Those who have read “The Betrothed” by Alessandro
Manzoni may well understand the similarities.

In a matter of days, we have witnessed a complete revolution in telemedicine in Europe
and the United States.

The World Health Organization (WHO) itself has mentioned telemedicine as one of the
essential services in its policy of "strengthening the response of health systems to COVID-
19" [1]. According to a new WHO policy, as part of the action to optimise service delivery,
telemedicine should be one of the alternative models for clinical services and clinical
decision support. However, it should be noted that telemedicine does not replace
traditional medicine but supports and integrates it with new communication channels and
innovative technologies, with the aim to improve healthcare and help patients access and
obtain the best possible care.

Despite the initial scepticism, virtual consultations have become the “new normal” in order
to maintain social distancing but at the same time to keep tracking of those patients in need
because of other diseases. With fears running high, there is a need to treat anyone who can
afford to remain at home with a video session or a phone call. The strict rules about privacy
and data protection had to be reviewed in response to the pandemic. Microsoft Teams has
soon become the virtual communication system for clinicians during Covid-19 pandemic
in relation to hand-over between shifts, MDT meetings for decision-making and
communication between “dirty” and “clean” areas. Nevertheless, face-to-face contact has

been maintained whenever required in the context of social distance measures.



Although all this is happening in the heat of the moment, concerns remain about the
limitations related to patient examination, potential for missing diagnosis and allocation of

resources.

Material and Methods

To avoid confusion is important to understand the meaning of telehealthcare and
telemedicine, which are often misleading because used without clear boundaries.
Telehealth is a collection of means or methods for the enhancement of health care, public
health and health education delivery and support the use of telecommunications
technologies.

Telehealth encompasses a broad variety of technologies and tactics to deliver virtual
medical, health, and education services. Telehealth is not a specific service but a collection
of means to enhance care and education delivery.

Telehealth is different from telemedicine in that it refers to a broader scope of remote
healthcare services than telemedicine. Telemedicine refers specifically to remote clinical
services, while telehealth can refer to remote non-clinical services.

Telehealth is personalised treatment delivered over a distance with data transfer between
patient and medical professional, who gives advice after review. Chronic conditions like
asthma/COPD, diabetes and hypertension may well be suitable for this approach, which
reduces travelling to hospital and saves time. The disadvantage is a breakdown in
patient/healthcare professional relationship although the problem may also arise from poor
interpersonal skills and/or poor mastery of the technology used. Nevertheless, a new
referral would still require a traditional face-to face appointment at the beginning for a
thorough clinical examination and timely discussion [2,3].

Telemedicine is mainly related to information sharing between clinicians or hospitals over
a distance [3]. For example, MDT meetings with imaging review and discussion for
decision-making between referring and treating clinician; continuing medical education
programmes; distant training and simulation with exchange of experience between groups
of professionals. Another aspect currently not being addressed is the potential of
telemedicine during earthquakes or flooding as a more direct interaction between rescuers
on site and hospital specialists in relation to triage and advice.

Healthcare systems worldwide are facing significant challenges in the context of an aging
population with an increasing number of chronic conditions, increasing expectations and
difficulty with healthcare delivery in remote areas and resource availability. Telemedicine
and telehealthcare may offer a solution to these problems but acceptance, effectiveness and
safety must be taken into account. The evidence for cost-effectiveness remains limited at
present [3-5] although a more recent analysis highlights the genuine potential for cost-

effectiveness [6].



The OECD (Organisation for Economic Co-operation and Development) states that
telemedicine may be divided into three categories and combined as appropriate (see [7] for
major details):

1) Remote monitoring, i.e. employing mobile devices in order to carry out routinary tests
and make results available to healthcare professionals in real time.

2) Storage and forwarding applications. They are comparable to the previous category
although they are employed for those kind of data, which does not require a short time
between transmission and answer.

3) Real time interactive telemedicine. In such a case HC professionals and patients need

real time communication.

We have sought to give an overview of this approach and make some considerations about

pros and cons.

Results

There are examples of how telemedicine and telehealth have been applied with reference
to their impact and relationship with end users. Telemedicine and telehealth have played
a major role during the pandemic with reference to the potential implications for the
foreseeable future. The current events may have fast-forwarded a process that had already

started at slow pace but without clear direction.

The introduction of telemedicine and telehealthcare in the UK has been slow in view of
political, organisational and safety issues although a recent national strategy has addressed
this aspect of healthcare delivery for the immediate future [5,8,9]. The UK has seen a rapid
growth in telemedicine in the last years. A significant amount of funding has been allocated
to many different programs devoted to research and application in universities, hospitals,
and health institutes (see [10]). The Royal Society of Medicine in London is the main
medical organization supporting these developments through its Telemedicine Forum with
meetings, conferences (annual Telemed conferences), and publications (Journal of
Telemedicine and Telecare) [11]. As reported in [techweb], other more recent professional
organizations, such as TEAM (Toward Education for ALL with Multimedia), are
contributing to global collaboration in clinical care, telemedicine teaching and research
with the provision of global health education using all forms of information technologies,
such as the World Wide Web and teleconferencing.

An example of established telemedicine in the UK is based at Airedale NHS Foundation
Trust in West Yorkshire, which provides a unique range of digital healthcare solutions
developed by close cooperation between clinicians and patients. There has been a true
commitment to fully understand patients’ needs and continue to improve the quality and
safety of patients’ experience.

The telemedicine service is delivered through the Digital Care Hub. Such a hub was

7



established in 2011, becoming immediately leader in UK by offering “a single point of
access to expert clinical and social assessment, diagnosis, advice and support through a 24/7
system operating 365 days per year.” [12].

The service employs a multidisciplinary team with different backgrounds. The variety of
available skills is a relevant asset to be considered, together with the experience and the
high training level of the different professionals involved.

The service branches out in three key directions.

The first one is the “Goldline”, available 24/7 by telephone. It is provided by nurses and it
is devoted to terminal patients — mainly at home - and their caregivers.

The “Careline” provides telemedicine support to people restricted to prisons and youth
offender institutions.

“Immedicare” is a telemedicine service regarding chronic patients and over 500 residential

and nursing homes (see [12] for more details).

Italy has an earlier history of telemedicine applications [13]. The first example was in the
early Seventies when one of the main University Hospitals in Rome established a telephone
service providing teleconsulting for the treatment of poisonous intoxications. Initially run
on a local network area, the service is nowadays available all over Italy.

In 1976, Bologna University developed a prototype aimed at acquiring and transmitting
ECG by phone.

Also in this year, CSELT in Turin set up an experimental service of teleconsulting between
two hospitals of the Piedmont region: San Giovanni in Turin and Susa in the province.

In 1982, the Italian government acknowledged the strategic relevance of telemedicine and
its potentialities for Health Care improving and cost reductions. The role of telemedicine
as a research tool in medical informatics with a view to enhance diagnosis and treatment
was also emphasized.

In the late Eighties the Ministry conceived a “National plan for research and training in
telemedicine” [13] with funding up to 100 billion lira (50 million Euros).

Despite these early and promising applications, the use of telemedicine has not lived up to
its expectations with unmet needs. Nevertheless, the pandemic has witnessed a surge of
this approach by necessity but also the need for appropriate guidelines for its use, which
may be instrumental for the National Health System if adequately funded. Conversely, the
Italian Armed Forces has implemented military telemedicine systems for both military
operations and humanitarian missions, while the Civil Defence has developed telemedicine
models to manage emergencies and catastrophes.

"Innova Italia" is a recent initiative promoted by the Ministry of Economic Development,
the Ministry of University and Research, the Ministry for Technological Innovation and
Digitization and the Ministry of Health. A total of 504 proposals of digital solutions for the

remote management of patients suffering from COVID-19 and/or other chronic diseases
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have been submitted and reviewed by a ministerial commission with the selection of five
best apps and technical remote assistance solutions (Table 1), for active patients’

surveillance at home during isolation for suspected or confirmed COVID-19 diagnosis.

Table 1
Solution Proponent
Co4Covid-19 Dedalus Italia S.p.A.
Smart Axistance Covid-19 Control ENEL X Italia in costituendo RTI
eLifeCare Covid-19 Exprivia S.p.A.
LazioDoctor LAZIOcrea S.p.A.
Ticuro Reply REPLY S.p.A.

“Co4Covid-19” is a responsive web-app made available to individuals to complete both a
pre-triage questionnaire and clinical self-assessment in the quarantine or self-isolation
phase. There is a system for television, including psychological assessment, and tele-
monitoring, which includes clinical and environmental sensor kits, chat-box, tutorial,
reminder, diary, info, exams. All information is collected in a clinical repository and made
available to the operations centre.

“Smart Axistance Covid-19 Control” is a CE/MED certified telemedicine platform
registered with the Ministry of Health and available to public health facilities and General
Practitioners to monitor the health status of individual patients and their relatives. Remote
monitoring consists of a series of vital parameters, both for the management of COVID -19
and chronic diseases. “ASL Roma 2” has used this system for more than a year for chronic
diseases.

The “eLifeCcare Covid-19” telemedicine platform is specifically configured for remote
assistance of COVD-19 patients. It is aimed at COVID-19 patients during home isolation /
quarantine. Key parameters such as body temperature, saturation and heartbeat are
monitored and acted upon if clinical conditions deteriorate.

“LazioDoctor” gives quick and safe access to health care services in the event of a suspected
infection and, if positive, the subsequent management of the entire cycle of care is remotely
provided by GPs, primary care organizations and specialists. The app allows data collection
to monitor the health status of patients in isolation, who have tested positive or have come
into contact with positive patients.

“Ticuro Reply” allows automatic and manual collection of parameters that feed a clinical
diary, which can be accessed regularly for monitoring and treatment. Alarms are
automatically generated if the values are outside the target range. With “Televisita” a direct
audio/video/chat contact with a doctor is available to share documents and access the
clinical diary with a view to treatment plan supported by interactive questionnaires and

video tutorials.



Discussion and future prospects

Telemedicine is giving a significant contribution to healthcare professionals during the
current pandemic although certain limitations remain and must be acknowledged. There
is a chance that telemedicine may contribute to hospitals being overwhelmed if used
inappropriately, though we are learning to adapt accordingly.

The ability to screen patients remotely enables the triage of those who do not need
immediate medical intervention and can receive care at home. This helps lower the risk of
transmitting the infection to other patients and healthcare staff. At the same time, care can
be provided for those patients with chronic diseases who are at risk if exposed to the virus.
Finally, healthcare professionals who are self-isolating or in quarantine because tested
positive can still provide remote care for patients if needed [14]. Nevertheless, this approach
may need modification to help manage early testing, diagnosis and admit those patients
who require in-hospital treatment.

All this sounds really great but the reality is different considering that telemedicine has not
been used traditionally in response to public health major events. Therefore, many
hospitals and GP surgery are not completely fit for purpose. There is a learning curve for
the use of telemedicine in the traditional patient/doctor relationship. A telephone call
remains at present the way to notify patients about rescheduling of appointments with
remote consultation.

Most hospitals operate at full or near full capacity, therefore telemedicine may well be the
way forward to relieve additional burden provided it is implemented appropriately.
Hospitals usually prepare for adverse events or crises like winter flu but telemedicine is not
something we are accustomed to. The recent events are forcing more and more hospitals to
use this type of technology for patients’ follow-up and adapt to a certain extent as far as
training is concerned.

Telemedicine is not a new concept and has been previously considered [15-17] but its
implementation has been slow and difficult to take off [4].

There is no question about the potential benefit of telemedicine in relation to access to
quality healthcare for rural communities, monitoring of long-term conditions from a
distance, offer of effective advice and enhanced communication between healthcare
professionals and relatives [2,18]. This is very attractive for patients who are willing to
accept telemedicine as an additional tool [4,17]. What about the healthcare professionals?
The key points are the perceived usefulness, the perceived ease-of-use and the intention to
use [4]. This is quite an important aspect highlighting the need to consider telemedicine for
those patients who would benefit the most and avoid its regular use [3,19].

The attitude towards telemedicine and telehealthcare is changing and the current
pandemic (COVID-19) is a clear example. Nevertheless, the effective and safe
implementation of this type of technology in NHS Trusts must be clear since the beginning
to avoid disappointment and in line with the available resources. Aims like access

10



improvement to available facilities, increased satisfaction and avoidance of emergency
admissions based on close monitoring and cost reduction may be justified as long as safety
is not compromised in the absence of face-to-face consultations. Type of disease, type of
technology, age of patients and their ability to interact with technology and also clinicians’
expertise and ability to interact with technology should be considered. Finally, cost-benefit
evaluation remains a limiting factor in the context of ongoing limited funding availability.
Another important issue is the shared decision making process, which is highly dependent
on clear, honest and unhurried communication. This is essential to patient-centred care but
how to best implement it remains unknown. Would a shift toward telehealth reduce or
increase healthcare disparities? There is evidence to suggest that a trusting relationship
with shared decision-making can be achieved over a telephone consultation although this
precludes the use of additional material or behavioural attitude that can be achieved in an
in-person consultation. Videoconferencing technology may well help to overcome this
barrier. Nevertheless, potential disparities introduced by telehealth are likely to be related
to age, digital readiness, income, level of education and race [20]. The resurgence of
telemedicine has to be acknowledged but there has to be a commitment to realise its full
potential taking into account its advantages and limitations [21-24].

The economic burden to develop and run a national Tele-health network cannot be
compared to the efforts required to face a serious environmental adverse event. The
COVID-19 pandemic has required significant resources for the treatment of patients
affected by the disease in all European countries with serious impact on general and
specialist patient care. Additional healthcare burden will be added to restore balance for
the treatment of patients with chronic conditions, particularly cardiovascular disease and
cancer. The lockdown has put serious strain on the economy and healthcare of European
countries. The availability of an integrated and efficient Tele-health network may have
helped reducing the negative effects observed during the current pandemic. It is likely that
the current trend is going to continue but the issues discussed must be taken into account
to maintain a drive to change [25,26].

Telemedicine may have a role to play in the event of out-of-hospital cardiac arrest
according to the following survival chain:

1. Early recognition and call for help

2. Early cardiopulmonary resuscitation

3. Early defibrillation

4. Post-resuscitation care

Future developments will see the contribution of our research group to key areas of
research as follows:

1. Artificial Intelligence (AI)

2. Telemedicine (support from a distance)

3. Wearable Devices

4. Simulation 11



5. E-learning

Studies focusing on the first stage of the survival chain have already led to some Al
applications with further solutions potentially available in a non distant future in relation
to support from a distance. As far as “Wearable Devices” is concerned, the development of
a T-shirt with different sensors integrated in its material would allow patient’s mobility
without fear of losing the transmission signal.

Our “Telecardiology & Clinical Application of Numerical Modelling of Biological Systems”
research unit based at the National Institute for Cardiovascular Research (Bologna, Italy) is
quite active in Simulation and E-learning applications [27-29]. More specifically, we are
developing numerical models of the cardiovascular system for trend evaluation of key
parameters usually requiring invasive measurement. The aim is the reduction of
complications in elderly patients and/or neonates.

Our models allow simulation and evaluation of the effect of drug administration on
haemodynamic and energetic parameters. The integration of these models into a simulation
software with particular reference to a telecardiology platform will allow long-distance
training of medical professionals, paramedics, medical students and residents [30-33].
CARDIOSIM® [28,29,34] remains our main platform simulation software of the
cardiovascular system, where different numerical models are available to simulate
mechanical ventilation and circulatory support [34-37]. Further integration with a
telecardiology set up will help clinicians with treatment optimisation of critical heart

failure patients [38-41].

Conclusion
We have been forced to adapt and be more resourceful during the ongoing pandemic.
Therefore, we should give serious thoughts to reconsider our current working patterns

towards a more beneficial and cost-effective way of living and working.
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AGcTpakT

30 auBapsa 2020 r. I'emepanpHbIil AEpeKkTOp BceMupHOI opraHmsamuy 37paBOOXpaHeHU
(BO3) o00BsBUI O MeXIyHapOZHOH BCIBIKe HOBOro KopoHaBupyca 2019-nCoV
(4pe3BpIuaiiHasg CHUTyauus B 00JAcTH OOIIECTBEHHOTO 3[PaBOOXPAaHEHHUdA, HMeIOIas
mexpyHaponHoe 3HayeHue-PHEIC),xak sro 3akpemneHo B MexayHapoAHBIX MeIUKO-
carurtapubix npasmwiax (MMCII, 2005 r.).

Texymasa mangeMus BRIABAIA HAIly YA3BUMOCTD M CTPaXH, IepeBepHyBIINEe HALIY XKU3Hb C
HOT Ha rosIoBy. MBI OpUIN BEIHYXXZEHBI HCIIOJIb30BaTh O0Jlee N300peTaTeIbHbIN IIOAX0, C
IeJIBIO CAEeP>KUBAHUA ¥ OTPaHUYEeHH IOTeHIIUaIBHOTO yinepba.Texymue coOBITHA CTaIN
cepre3sHBIM OpeMeHeM Jig G0TbHIYHBIX OPTaHU3AIIMIi 110 BCceMy MUPY.

B To Bpemsa, korzma wu3-3a OTCYTCTBUA CHeNU(PUUECKOH Tepamuu [jad JIeYeHHUd
KapAMOJOTUYECKUX IMAIMEeHTOB U BAaKI[WHBI, OOOPEHHOH TOJIBKO HEJNABHO, COIUATBHOE
AUCTAHIVPOBaHNE SABJISETCA O,ZLHOfI 13 OCHOBHBIX MeEpP, HCIIOJIB3YEMBIX IJII 6OPB6BI C
nangemueii COVID-19, renememunmuza moxydaer Bce OoJblilee PacIpOCTpaHEHHe Kak
KJIIOYeBas TEXHOJIOTHA IJIa Oe3omacHOW M 3GGeKTHBHOHM OOIIeHWe MeXZYy BpadaMu M
IIanvieHTaMMu. ]_[eJIb COCTOUT B TOM, ‘-ITO6IJI HO,I[‘-IEPKHYTB Ba)KHYIO pOJIb TeJIeMeJUIIMHBI 1
Tejae34paBOOXpaHEHMA BO BpEMS IMMAHAEMHM C YKA3dHHNEM IIOTEHIINAJIbHBIX HOCJIE,Z[CTBI/Iﬁ B
0603prMOM OyIyIIeM.

M5! IIOIBITAINCH IIPOBECTH 0030p IPUJIOKEHUH TeleMeUIMHBI U TeJle34paBOOXPaHeHUA
B Urtanuu u BenukoOpuraHuu 10 U BO BpeMsA OOpbOBI ¢ maHzemueil. Brlau BbIzeIeHbI
HEKOTOpBIe IIPUMePHI IPUMEHEHNS TeJIeMeIUIIMHBL U TeJIe3PaBOOXPAHEHU C YIEeTOM UX
BO3ZIefiCTBUSA M B3aMMOOTHOIIEHUM C KOHEUYHBIMU IT0JIH30BaATEIIMMU.

TenemesuuyHa M Tee3gpaBOOXpaHEHHUE, BEPOATHO, CTAHYT Oojiee IONMYyJAPHBIMH B
Oynmymem. Bo3sMOXHO, HaM TIpHAETCA IepeCMOTPeTh HAllM TEeKylue MOJeau paGoThl B
HallpaB/leHUH OoJiee BRITOJHOTO U SKOHOMUYHOTO 00pa3a >KU3HU U PabOTEI.

KiioueBsie cnoBa: TesnememuiuHa, Tene3gpaBooxpaHenue, COVID-19, cepzeuno-
COCyHCThIe 3a00IeBaHUA.
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Abstract

Scientific interest in nanomedicine nowadays is constantly growing, and nanomaterials
have found wide application in diagnosis and treatment of various diseases. The most
promising seem to be metal nanoparticles (NP). Some of them are actively studied in
separate and there are favorable results considering their ability to normalize blood cell
counts, but their co-work as a composite is still not well known. This opens a great
perspective for studying NP as the blood homeostasis corrector, which could help in
developing treatment schemes for many threatening diseases followed by the blood cell
count disorders, especially malignant tumors. As colorectal cancer is third most commonly
diagnosed, this study was focused on evaluation of blood cell counts changes in rats with
DMH-induced colon adenocarcinoma in situ along with the assessment of Au/Ag/Fe NP
composition corrective effect. Colon adenocarcinoma was induced by introducing N,N-
dimethylhydrazine hydrochloride during 30 weeks. After pathohistological verification of
developing colon adenocarcinoma in situ in DMH-treated rats Au/Ag/Fe NP composition
was administered during 3 weeks. Introducing NP to the DMH-injured rats lead to
increasing RBC and HGB and decreasing pathologically high-leveled MCV, MCH and
MCHC to normal references. Assessed NP composition normalized the neutrophils rate,
LMR and gave us a PLT rate particularly the same, as in the control group animals. Taking
into account the previously proven biosafety of gold, silver and iron NP on their own and
as a result the predicted biosafety of their composition we can consider further
amplification of preclinical study on this NP composition of high significance, as it might

be possibly used as following therapy of non-metastatic forms of colon cancer.

Keywords: Experimental carcinogenesis, nanoparticles, blood cell count, rat.

Introduction
The achievements of nanotechnology have significantly affected the development of

nanomedicine and nanobiotechnology, where nanomaterials have found wide application
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in the treatment and diagnosis of diseases of various etiologies, in biotechnological
industries and sensory technologies!3. The key property of the substance in the nanoscale
range lays in increased pharmacological and biological activity. The most promising seem
to be metal nanoparticles (NP), which can be used as vectors for targeted therapy in
oncology and cardiology, antimicrobial drugs in medicine and veterinary medicine,
components of immunobiological drugs (probiotics and vaccines), stimulants in
biotechnological industries (for example, in the processes of lyophilization - rehydration of
bacterial strains-producers). At the current stage of development of nanomedicine and
nanobiotechnology, the creation of a bank of biosafe nanomaterials, in particular, metal

NP, is especially relevant*.

Metal NP possess high bioactivity and recently have become of great perspective for
diagnosing and treating different ethiology diseases, especially cancer>®. Among the studied
NP of metals are recommended as biosafe: iron NP (INP) of size 77 nm, gold - 30 and 45
nm, silver - 30 nm*. Gold NP (GNP), in comparison with other metals, are characterized by
unique physical, chemical, biological properties and functional activity!®!4. The

nanoparticle size and shape substantially define their properties'>-'°.

High affinity to tumor cells, surface modification ability and special optical properties
create the basis for effective usage of GNP as vectors for target antitumor drug delivery? 2,
in cancer phototermal therapy?*?, as contrasting agents in magnetic resonance and
computer tomography? %. It was found, that GNP in form of water dispersions possess
significant and specific size-dependent bioactivity in vitro and in vivo. Synthesized GNP
in vitro expressed size-dependent modulation of Na‘K*-ATP-ase activity in U937 tumor
cells membranes. /n vivo GNP introduced via i.v. injection have shown high affinity to
tumor cells. These in vitro and in vivo results open great perspectives of using GNP in
cancer treatment and diagnostics, although the size-dependent biological safety level of

GNP concerning normal organs should be taken into account?.

Drugs and diagnostics based on INP and their oxides are actively created. Among the areas
in which INP are used, a special place is occupied by the development of drugs with
antianemic action?. Recent studies have shown that after a ten-day course of oral
administration of INP at a dose of 12 mg / kg / day in experimental animals, normalization
of hemoglobin concentration, transferrin saturation and serum iron saturation was
observed®. According to the data obtained, NSAIDs when administered orally to rats did
not cause an increase in serum urea and creatinine compared to controls, which indicates
their safety for the kidneys - one of the key organs - targets of toxic effects of
nanomaterials®. The test substance NSAID was also characterized as safe for the kidneys
and liver in terms of total bilirubin concentration and activity of LF, ALT and LDH¥. The

results of another study indicate a high antianemic activity of the substance of NP of zero-
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valent iron in the experimental treatment of model iron deficiency anemia under
intravenous administration. Of particular note is the fact that INP showed antianemic
activity both in the conditionally therapeutic dose and in 1/10 of the conditionally
therapeutic dose. This will contribute to the achievement of rapid therapeutic efficacy of
the antianemic drug, its high therapeutic safety and prolonged preservation of the

antianemic effect?s.

Despite the constantly growing number of recent research papers on various metal NP, it
was not yet investigated, how they could work together as a composite. Promising results
considering normalizing blood cell counts open a great opportunity for using NP as the
blood homeostasis corrector, which could help in developing and widening treatment
schemes for many threatening diseases that are followed and worsened by the blood cell

count disorders, especially malignant tumors.

It was investigated, that due to many factors of a complicated cascade of tumor pathogenesis
it is often accompained by anemia. In addition, growing evidences have emerged in recent
years that inflammation may be the origin of many malignancies. Being third most often
diagnosed malignant tumor in the world, colorectal cancer (CRC) represents a growing
number of cancers associated with inflammation. Thus, CRC is characterized by infiltration
of heterogeneous immune cells and peripheral hematologic profile disorder, which

configure the complicated microenvironment affecting tumor development3!.

It some recent studies the prognostic impact of peripheral blood leukocyte in the context
of intra-tumoral immune profile was investigated. Leukocytosiswas validated as a
prognostic factor predicting survivals and tumor response to adjuvant chemotherapy in

patients with colorectal cancer32.

Given all mentioned above this study was devoted to exploring the changes of blood cell
counts in rats with DMH-induced colon adenocarcinoma and evaluating the Au/Ag/Fe NP

composition influence on these indicators.

Materials and Methods

Animals

The research was carried out on 160 white mature outbred male rats with body weight
190 +5 g. The experimental animals were kept in standard conditions of vivarium. Animal
survival and body weights were monitored throughout. Rats were provided with free access
to drinking water and basal diet ad /ibitum. All animal experiments of this study conformed
to internationally accepted standards and were approved by the Bioethical Committee of
Ternopil National Medical University. All manipulations with animals were performed
according to the requirements of the “European Convention for the protection of vertebrate

animals used for experimental and other scientific purposes” (Strasbourg, 1986)%. The rats
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were randomly allocated into 4 groups: 1st — 80 control animals, 2nd — 80 animals with
modeled colorectal adenocarcinoma in situ. Afterwards 30 of injured animals received NP
Au/Ag/Fe intragastrically for 21 day (3rd group). 4th group — 10 control animals received
NP Au/Ag/Fe in the same manner. At the end of the experimental period, colon

adenocarcinoma in situwas histologically identified in all DMH-treated rats.
Colorectal Cancer Model

N,N-dimethylhydrazine (DMH) is known as well-known and widely used model of
chemically induced colon cancer in animals. It has several morphological and molecular
characteristics with human sporadic CRC. DMH-induced colon adenocarcinoma was
modeled by introducing N,N-dimethylhydrazine hydrochloride (Sigma-Aldrich Chemie,
Japan, series D161802) dissolved in isotonic sodium chloride solution. The carcinogenic
substance was subcutaneously injected into the interscapular region at a dose of 7.2 mg/kg
body weight (based on active substance) once a week for 30 weeks. Animals of the control
group obtained subcutaneous injections of 0.1 ml physiological saline with the above

frequency to simulate the possible stress effects3.
NP dosage and administration

Composition of spherical silver (d=30 nm), gold (d=30 nm) and iron (d=40 nm) NP with a
concentration in 1 ml: 1.6 mg Ag; 0.1mg Fe; 3.088 ug Au was used in the study. Initial water
dispersion of the used silver NP was synthesized via reduction of silver nitrate (AgNO3) by
tannin (tannic acid) at the presence of potassium carbonate (K2CO3); gold NP were
synthesized via reduction of the tetrachloroauric (IIT) acid (HAuCl4 - 3H20) (299.9% trace
metals basis, Sigma-Aldrich) by sodium citrate tribasic dehydrate at the presence of
potassium carbonate; iron NP were synthesized via reduction of iron (III) chloride by
sodium borohydride. Composition of the NP NP Au/Ag/Fe used in the work was obtained
via the mechanical mixture of the water dispersions of silver, gold and iron NP. Metal NP
used to obtain the experimental composition as well as the received mixture were
characterized as biosafe according to the criteria of genotoxicity (comet assay), cytotoxicity

(MTT-test), mutagenicity (Allium-test) and immunotoxicity under in vitro tests.

Animals received water dispersion of NP Au/Ag/Fe intragastrically one time a day for 21
days at a dose 0.842 mg Ag/0.0526 mg Fe/ 1.625 ug Au per 1 kg of rats body weight. Before
the intragastric administration initial water mixture of NP Au/Ag/Fe was diluted by sterile

distilled water at a ratio 1:10.
Blood samples collection and analyzation
Blood samples collecting was provided a day after the last DMH administration to DMH-

only treated rats, three days after the last NP administration to the rats that underwent
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nanocorrection along with the control animals of the same age. Experimental animals were
deeply anesthetized with Thiopental (50 mg/kg, intraperitoneally, Arterium,
NUA/3916/01/02) and sacrificed by cervical displacement and exsanguination. Blood
samples were collected into EDTA and proceeded using the Yumizen H500 CT automatic

hematology analyzer.
Results and Discussion

To check the effect of introducing Au/Ag/Fe NP on the blood cell count in healthy animals
and to exclude any negative influence of this combination, we administered it to the
healthy animals, which obtained only saline. It was investigated that the RBC count and
the HGB rate was credibly increased in the nano-treated rats (Pic. 1). It can be suggested
that the nanoparticle composition was an additional source of iron that promoted heme
synthesis and RBC production in a natural way. The group of animals that received only
Au/Ag/Fe NP had a slightly higher (6.94 %) PLT number, than the control group rats. We
have estimated an increase in WBC number with the administration of the NP, mainly due
to the neutrophils fraction that in this group is 1.64 times higher than the control

(Pic. 3). One more subgroup, which is significantly higher, is the eosinophils — 1.42 times
higher than the control. This can be explained as a physiological reaction to the

introduction of foreign substance, which were the Au/Ag/Fe NP.

Modeling the CRC by introducing DMH after 30 weeks lead to the decrease of RBC and
HGB. All three qualitative indicators — MCV, MCH and MCHC - slightly increased,
probably as an adaptation reaction to the decreased number of RBC and general HGB rate
(Pic. 2). Those animals that were treated with DMH had a credibly lower (59.4 %) level of
PLT, comparing to the control. The WBC count, as well as its subgroups, has undergone
significant changes. DMH treatment lead to the increase in WBC number mostly with the
loss of lymphocytes. Thus, the WBC rate was 1.54 times lower in the DMH injured rats
than the same indicator in the control group animals with the 1.73 times decrease in the
number of lymphocytes (Pic. 3). In addition, the LIC count has tripled in comparison to the
control group. NLR clearly shows the shift towards the neutrophils in DMH-injured animal
group and LMR in the same group is 15.5 % higher comparing to the control (Pic. 4).

Nanoparticle correction helped in slightly increasing the erythrocyte number and
returning the HGB rate almost to the level of control animals. Introducing NP to the DMH-
injured animals lead to the decrease in MCV, MCH and MCHC, however, they did not
return to the control group level (Pic. 2). Moreover, administration of NP gave us a PLT
rate particularly the same, as in the control group animals. The Au/Ag/Fe NP correction
has normalized the neutrophils rate. Moreover, the lymphocyte number is 26% higher in
DMH+NP group rats, than in the DMH-only. However, the lymphocyte rate is still lower
comparing to the control and the total WBC count in the group of DMH+ NP resumed 19

% lower, than in the control group animals. NLR remains increased even after the NP
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correction despite the normalization of the absolute number of the white cells (Pic. 3). On
the other side, Au/Ag/Fe NP correction decreased the LMR and in this group it is even

lower, than in the group of control animals (Pic. 4).
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Pic. 1. RBC count and HGB rate in different experimental groups.
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Neutrophils are the most majority of peripheral leukocyte and react first to the sites of
inflammation, playing an essential role in tumor development and progression. In fact, at
the early stage of colorectal tumorogenesis, infiltration of neutrophils has been detected, as
neutrophils infiltrated in colorectal adenomas much more than in adjacent normal mucosa
and the count of neutrophils was positively correlated with the size of tumor. In addition,
it was established that increased levels of these intra-tumor leukocytes correlated with poor
prognosis through inducing metastasis. Neutrophils may be considered responsible as they
are producing N-nitrosamines, known to be carcinogenic®. Additionally, activated
neutrophils can induce replication errors in colon epithelial cells via hMSH2-dependent
G2/M checkpoint arrest®. These findings are consistent with other observations, indicating
leukocytes as an adverse prognostic factor in cancer progression. In addition, inflammation

leading to immunosuppression provided a preferred niche for tumorogenesis. Besides the
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external causes of inflammation in cancer patients like bacterial and viral infections, there
are internal causes like cancer mutations through the malignant transition in way of
inflammatory cytokines. Key mediators of inflammation-induced cytokines included NF-

kappa B, STAT3 pathways, reactive oxygen/nitrogen species and prostaglandins32%.

Other recent findings demonstrated that in CRC patients who underwent curative
resection preoperative MCV > 80.5 fL, NLR > 5.5, and LMR < 3.4 has been determined as
predictors of poor RFS in IT and III stage of the disease®. The volume of RBCs indicated by
MCYV and is often used for diagnosing megaloblastic or iron-deficiency anemia. Meanwhile,
recent studies found a prognostic implication of MCV in esophageal and liver cancer?. It
was previously reported that MCV was a prognostic factor for RFS in patients who
underwent Ro resection for stage I/II/III CRC, independent of the tumor stage;
microcytosis (MCV < 80 fL) was associated with better outcomes. It was reported that Hb
and MCV lowered in short terms before diagnosing the CRC, and association of low MCV
and CRC patients survival was weak3’. CRC often plays along with iron-deficiency anemia
that leads to decreased MCV. The mechanism responsible for the association between MCV
and disease relapse is unknown, although several hypotheses have been proposed. The first
is about oxidative stress, and the antioxidant capacity of the body had been related with
the size of the circulating RBCs. Because an elevated MCV or macrocytosis may reflect
structural or functional disorders of RBCs, a misbalance in antioxidant capacity can explain
poor relapse outcomes after Ro resection for CRC. In addition, affected RBCs deformability
because of oxidative stress can damage the microcirculation and tissue oxygenation. On the
other hand, macrocytosis may be a sign of disturbed hematopoesis due to the dysfunction
of bone marrow. It was investigated that mesenchymal stem cells out of bone marrow play
crucial role in the repair of several damaged vital organs® 3% 4. A relatively high MCV is a
marker of deficiency in folic acid or vitamin B12. Moreover, tumor location can be related
with MCV. ].P. Vdyrynen et al. (2018) reported that proximal tumor location was associated
with predominant microcytic anemia*. T. Ueda et al. (2013) investigated the blood cell
components in patients with acute decompensated heart failure and showed that the counts
of WBC and PLT were credibly lower in the group with macrocytosis than in the non-

macrocytic group*.

It was shown that the NLR was the second important prognostic factor among the blood
cell markers3¢. Inflammatory cytokines and mediators associated with carcinogenesis may
stimulate inflammatory responses, which leads to tumor growth, infiltration, and
formation of metastases. Lymphopenia can serve as a strong marker for misbalanced cell
immunity, and neutrophilia is a response to systematic inflammation*®. Lymphocytes
participate in cytotoxic cell death and inhibition of tumor cell proliferation and migration*:.
The NLR had been reported to be an indicator of systemic inflammatory response in CRC.
Many studies showed that a high NLR, with cutoff values ranging between 2 and 5, was
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associated with poor long-term outcomes in patients with CRC#-°.

Monocytes can be responsible for tumor progression and metastasis as well. Tumor-
associated macrophages (TAM) that evolve from circulating monocytes possess ability to
suppress adaptive immunity along with the angiogenesis, invasion, and migration
promotion?. Increased level of circulating monocytes reflect the increased rate of TAM and
is associated with worse prognosis. However, the level of circulating monocytes had not
been widely used as a biomarker of CRC. The LMR is the ratio of lymphocyte to monocyte
count in absolute number in blood. Recent studies have indicated that low LMR between

3.0 and 4.8 was associated with unfarorable long-term outcomes in CRC patients*:5%-52,

Conclusion

In this research it was established, that introducing the nanoparticle Au/Ag/Fe composition
increased RBC count and the HGB rate in only-nano treated rats, which is more likely
because the nanoparticle composition was an additional source of iron that promoted heme
synthesis and RBC production in a natural way. Also, this group of experimental animals
developed an increase in eosinophil rate being a physiological reaction to the introduction
of foreign substance, which were the Au/Ag/Fe NP. Introducing NP to the DMH-injured
animals lead to increasing the erythrocyte number and HGB rate, as well as to decreasing
in MCV, MCH and MCHC to normal references. Moreover, administration of NP has
normalized the neutrophils rate, LMR and gave us a PLT rate particularly the same, as in
the control group animals. Thus, introducing the nanoparticle Au/Ag/Fe composition lead
to normalizing the blood cell homeostasis in experimental animals with modelled non-
metastatic colon adenocarcinoma. Taking into account the previously proven biosafety of
the NP of gold, silver and iron on their own and as a result the biosafety of their
composition we can consider further amplification of preclinical study on this nanoparticle
composition of high significance, as it might be possibly used in future in curation of non-

metastatic forms of colon cancer.
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A6cTpakT

Hayumsrii wHTepec K HaHOMeJWIMHe B HAaCcToAlllee BpeMA IIOCTOSHHO pacTeT, U
HaHOMAaTepHaabl HAILIM IIMPOKOe IpUMeHeHHe B IUATHOCTHKE M JIeYeHUM Pa3sIuIHBIX
3a6oseBanuii. Hanbosee nepcrieKTUBHBIMU IIpeACTaBIAIOTCS HaHOYacTHIBI MeTasutoB (HY).
Hexoropsle 13 HUX aKTUBHO U3Y4alOTCA 110 OTI€IBHOCTH, U €CTH II0JIO>KUTEIbHBIE PE3YJIBTAThI,
YYUTBIBAA UX CIIOCOOHOCTh HOPMAJIM30BAaTh KOJIMYECTBO KJIETOK KPOBH, HO MX COBMECTHAd
paboTa B KaueCcTBe COCTABHO YaCTH BCe ellle HeZOCTaTOYHO U3BECTHA. JTO OTKPHIBAET OOJIBIINE
nepcrekTuBsl And usydeHusa HII B kadecTBe KOppeKTOpa romMeocTas’sa KpPOBU, UTO MOXKET
IIOMOYb B pa3pabOTKe CXeM JIe9eHHs MHOTMX YTPOXKAIOIIMX 3a00JIeBaHMIl, 33 KOTOPBIMU
CJIeflyIoT HapyIIeHus IIOfACYeTa KIETOK KPOBH, OCOOEHHO 3JI0KaYeCTBEHHBIX OITyXOJIeH.
[TockonBbKY KOJIOPEKTAJIBHBIM PaK SABJIAETCA TPETBHM IIO YacTOTe JUAarHOCTHPOBAaHUEM, STO
UCCJIeJOBaHMe OBLII0 COCPEIOTOYEHO Ha OlleHKe M3MEeHEHU I KOJIMYeCTBa KJIETOK KPOBH Y KPBIC
¢ DMH-unzaynpoBaHHON aZileHOKapIIMHOMOM TOJICTOM KHWIIKM In situ, a Takke Ha OlleHKe
Koppekrupytomero sddekra cocraBa Au/ Ag / Fe NP. AneHoKapriuHOMYy TOJCTOM KHIIKK
BeI3bIBAIM  BBeseHmeM N, N-mumerwmirruzpasuHa ruzpoxsiopuza B TedeHue 30 Hezers.
IToce maTOrUCTOIOrMYECKOTO MOATBEPXKACHNUA PasBUTHUA aZleHOKAPIIMHOMBI TOJICTOM KUIITKU
in situ y xpsic, morygasux JIMI, B Teuenue 3 Hezmens BBoAwIH Kommosunuio Au / Ag / Fe
NP. Beegmenue NP xpricam ¢ DMH npusogur x ysenumuyenmio RBC u HGB u cumxenuio
naronorunyeckn BpicokoypoBHeBbix MCV, MCH m MCHC 10 HOpManbHBIX 3HaYeHMI.
Omnenennsriit cocraB NP HopmanmsoBan yposens Hefirpodunos, LMR u man Ham wacrory PLT,
B YaCTHOCTH, TAKYIO >Ke, KaK y >KMBOTHBIX KOHTPOJIBHOM Ipymsl. IIpuHrMas Bo BHUMaHMe
paHee IoOKasaHHyI0 G6uobesomacHocts HY 301o0Ta, cepebpa u »xene3a Kak TaKOBYIO, M, Kak
pe3yJIbTaT, IIPOTHO3UPyeMyI0 OHMOOEe30IIaCHOCTh MX COCTaBa, MBI MOXKEM pPacCMaTpPHUBATh
DalbHelllee yCUIeHHe OKIMHMYeCKHX MCCIelloBaHUi 3Toro cocraBa HY, umeromee
6oJIbIIIOe 3HAYEeHUeE, ITOCKOJIBKY OHO MOXKET OBITh MCIIOJIB30BAaHO B KaYeCcTBe IIOC/IE TEPAIHU

HeMEeTaCTaTU4YeCKHNX (bOpM PpaKa TOJICTOM KHIIIKH.

KmoueBsie c1oBa: SKCIIEpUMEHTATBHbIN KaHIEPOTeHe3, HAHOYACTHUIIBI, KOJIMYECTBO KJIETOK

KpOBH, KpbICa.

32



Prematurity and Language Developmental Outcomes in Preschool Age

Tamta Ivanashvili 12
! Teaching University Geomedi, Tbilisi, Georgia. Academic Doctor of Medicine, Associate
Professor, Pediatrician.
2 Pediatric Clinic Medi22, Thbilisi, Georgia.
Email: Tamta Ivanashvili, tamtaivanashvili77@gmail.com

Abstract

Global progress in child survival and health cannot be achieved without addressing
preterm birth, because every year an estimated 15 million babies are born preterm. Over 1
million children die each year due to complications of preterm birth. Complications
highly associated with prematurity include acute respiratory, gastrointestinal,
immunologic, central nervous system, as well as longer-term motor, cognitive, behavioral,
social-emotional, health, growth and language problems. The aim of the study was
assessment of language skills at school aged children born premature and identification of
risk factors affecting language development outcomes. Case-control retrospective study was
conducted in Child Developmental Center of M. Iashvili Children’s Central Hospital
(Georgia, Tbilisi).We evaluate language skills in 72+3 months old children (n=134).
Children were divided into study (n=80) and control (n=54) groups. Groups were
homogenous based on child age, gender, maternal health, maternal education, household
income, family structure. Statistical analysis was based on SPSS 20. The difference in
language development assessment among the full-term and late preterm children shows
low correlation and is not significant (Cramer’s V is 0,118; Pearson Chi-square data 0,098
(p>0,05). While the language assessment data in early and moderate preterm group
compared to term infants show significant difference (Cramer’s V is 0,354, Pearson Chi-
square data 0,004). Statistical analysis show medium correlation, value (p<0,05), which tell
us, that language development is a significantly associated with gestational age. So, small
gestational age is correlated with language development problems. Early detection of
minimal delays and starting early intervention services can improve developmental
outcomes of preterm children. High-quality and stable child care is important for all
infants, but especially to those who may be at risk of prematurity.

Keywords: language development outcomes, early and late preterm, preschool age.

Introduction

The future of human societies depends on children being able to achieve their optimal
growth and psychological development. Early childhood development is considered to be
the most important phase in life which determines the quality of health, well-being,
learning and behavior across the life span [1]. Global progressin child survival and health
to 2016 and beyond cannot be achieved without addressing preterm birth, because every

year an estimated 15 million babies are born preterm and preterm birth rates are increasing
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in almost all countries with reliable data. Preterm birth is one of the most significant
problems in perinatology.Overlmillion children die each year due to complications of
preterm birth [2]. Moreover, striking inequalities exist between developed and developing
countries in terms of the survival chances and developmental outcomes of a preterm infant
[4]. Many survivors face a lifetime of disability, including learning disabilities and visual
and hearing problems. Complications highly associated with prematurity include acute
respiratory, gastrointestinal, immunologic, central nervous system, as well as longer-term
motor, cognitive, behavioral, social-emotional, health, growth and language problems
[3].Disadvantaged children in developing countries who do not reach their developmental
potential are less likely to be productive adults [5,12].

One of the main aspects of child development is language and communication skills.
Learning to talk is one of the most visible and important achievements of early childhood.
A child’s speech and language skills allow them to communicate ideas and share and express
thoughts and emotions with those around them .Several studies have attributed language
impairments in premature infants, especially those born extremely preterm, to a general
cognitive deficit affecting several areas of functioning [6]. The study of Foster-Cohen

S!, Edgin JO, Champion PR, Woodward L] reveal that associations between gestational

age at birth and language outcomes. Specifically, children born extremely preterm (<28
weeks' gestation) tended to perform less well than those born very preterm (28-32 weeks'
gestation), who in turn performed worse than children born full term (38—41 weeks'
gestation). This pattern of findings was evident across a range of outcomes spanning
vocabulary size and quality of word use, as well as morphological and syntactic complexity.
These findings demonstrate language developmental delay in children born very preterm.
They also highlight the importance of gestational age for predicting later language
developmental risk in this population of infants [7,12].

According to Rossetti, infants who are born prematurely and have a low birth weight are
at risk for many medical complications that could impede later development in areas such
as communication. The degree of prematurity significantly impacts children born before
32 weeks, defined as extremely premature, and are six times more likely than their full-
term peers to be receiving special education services by the time they reach school age [8].
Study of Jansson-Verkasalo conclude that at two years of age the toddlers born premature
had less complex expressive language skills in addition to producing significantly less words
than the full-term group. Some studies have revealed a much higher percentage of
persistent language problems in children diagnosed with expressive language delays in the
preschool years [ 9 ]. The study of Melissa Woythaler, Marie C. McCormick, at al. shows,
that late preterm infants have worse outcomes at school entry, and development is variable
during the early school years. The study also reveal that socioeconomic status, gender,
language spoken in the home, maternal education and prematurity (even late preterm) have
a large impact on language development.
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Most Scientific studies regarding long term outcomes of preterm infants cover early
preterm children and show the great impact of early intervention services on
developmental outcomes, while the studies regarding the developmental outcomes in late
preterm children is quite rare. Assessment of long term outcomes in late preterm children
and revealing risk factors has a great importance for working out recommendations for
improvement of developmental outcomes in this group of children [12].

Evidence suggests that infants born LPT are at an increased risk of neurodevelopmental
delay between 1 and 18 years of life when compared to those born at term. The delay is
most evident in the cognitive domain of neurodevelopment. Children born LPT are also at
a risk of delayed language development, motor development, and lower academic
performance [10]. In recent years, LPIs have increasingly been regarded as “at-risk” rather
than “low-risk” infants. They are born developmentally immature and with increased
neonatal health concerns compared with term infants. The impact of early neonatal care
on longer-term outcomes has not yet been well considered. Study show, that LPIs have
more favorable outcomes than very preterm infants but less favorable outcomes than term
infants [11,12].

Aim

The aim of the study was assessment of language skills at school aged children born
premature and identification of risk factors affecting language development outcomes.
Materials and methods

Case-control retrospective study was conducted in Child Developmental Center of
M.Iashvili Children’s Central Hospital (Georgia, Tbilisi). We evaluate language skills in
72+3 months old children (n=134). Children were divided into study (n=80) and control
(n=54) groups. Control group included 54 healthy, children born term (37 to 42weeks).
Study group -was divided into 2 sub groups: I/consists from 46 late preterm born children
(34 % to 36 % weeks) and II /included 34 early preterm children born at 26-33 weeks of
gestation (very (26% -31%weeks) + moderate 32%-33% weeks) preterm children. Inclusion
criteria were child’s age (72+3months), gestational age and weight at birth, child’s and
family’s informed concept. Children with congenital anomalies, genetic disorders, special
health care needs, autism-spectrum disorders, cerebral palsy, chronic health problems and
children of non-Georgian speaking parents or parents refusing participation in study were
excluded from study. Children with single parent also were excluded. Study and Control
groups were homogenous based on child age, gender, maternal health, maternal education,
household income, and family structure. Information of birth records were collected and
parental interview were conducted for every investigated child, that include gestational
age, and weight, complications during pregnancy and neonatal period and postnatal

history: gathering information from parents, family complains about child’s speech and
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language, history of middle ear infections, family history of language difficulties. The
parental assessment of child development was conducted based on PEDS (Parents
Evaluation of Developmental Status).
We evaluate language skills using 1) Formal and 2) Informal/natural assessment of language
development.
1) Formal Assessment was based on specific part (communication part) of The Vineland
Adaptive Behavior Scales, Second Edition (Vineland-II)). We asses only one from the four
main domains of this test, Communication part, which includes expressive and receptive
language skills assessment.
2) Informal/Natural assessment included observation, oral examination, play-based
assessment, play behaviors, interest in books, checklists and parent interviews. In most
cases we used hearing screening. As a result of evaluation, considering the specific raw
scores and children chronological age, we identified special scores of V-scale with the help
of basic tables, which shows the range of Vineland test sub-areas data, and is important
indicator for weak and strong sides in language development. Magnitude of V interchanges
from low range V<9, till medium (13-17) or high (21 and more) data. Expressive and
receptive sub-areas are the important parts of communication sphere, which itself is the
main part of assessment of child development. Each individual result for data by general
level of language development: High, Medium and elementary levels and basic foundation
for rate was magnitude of V-scale scores.

Table 1. The demographic and social characteristics of study cohort:

Characteristics: Control group I group II group

Gestational ageI Weeks 37-42 34-36 <34
Gende Boy 29*-53,7% 26*-56,5% 18*-52,9%
H Girl 25*-46,3% 20*-43,5% 16*-47,1%
Family income Low 9*-16,7% 6*-13,1% 4*-11,8%
_ Middle 45*-83,3% 40*-86,9% 30*-88,2%

Mother education| | Less than secondary 5*-9,2% 6*-13,1% 4*-11,8%

Secondary and above 49*-90,8% 40*-86,9% 30*-88,2%
Father education| | Less than secondary 7*-12,9% 8*-17,4% 3*-8,8%
Secondary and above 47*-87,1% 38*-82,6% 31*-91,2%
Family size 1-4 members 34*-62.9% 37*-80,4% 28*-82,3%
5 and more 20*-37,1% 9*-19,6% 6-17,6%
Number of children N= 54* 46* 34*

Child *
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Result: Overall, of all 134 children — 40,3% (n=54) were full term, 34,3%(n=46) were late
preterm, 25,4% (n=34) were early + moderate preterm. The demographic and social
characteristics of study cohort are summarized in tablel.

Our study revealed that children born preterm have significantly lower language skills.
Results show that children with high and medium scores (were 80,4% in group I (late
preterm children),58,8% in group II( moderate +early preterm children) while in control
group accordingly 88,9%. Children with elementary scores were in group I- 19,6%, in
group II-41, 2% and in control group 11,1%. So, our study shows that LPIs have more
favorable outcomes than very preterm infants but less favorable outcomes than term
infants. There seems to be a continuous relationship between decreasing gestational age
and increasing risk of adverse outcomes such as language development. The results of
language developmental data are presented in Table 2.

Table 2. The results of language assessment:l

120
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40 -
20 -
0 - . . . . . . . .
Q\,}O\' OQQ\/ o&% &0&' O@Q\/ 00& {\@d' OQQ,\ 0&%
RO A R I A S
S &
o
High level Medium level Elementary level

I 15-33.3% 30*-55,6% 6°-11,1%

1Group (n=46" 14*-30,4% 23"-50% 9*-19,6%
~ II Group (n=34") 6*-17,6% 14*-41,2% 14*-41,2%
Child *

After assessment we analyzed that 21,64% (n=29) of children had different kind of
important problems. Group I —expressive language problems, receptive language problems.
Group II -expressive language problems, receptive language problems. Control group
expressive language problems, receptive language problems. At the same time 50% of all
study children (n=67) had medium data, that means they had slight interruption in
language skills. Only 28, 36 % (n=38) had problem-free results.
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We also analyze our data by t-test, the independent-samples test which compares the
means between two unrelated groups. We compare language development assessment
results and groups with different gestational age and get such results: Sig 0,571; (p>0, 05);
mean difference 1,446; Std. error difference 1,104; This value is not significant, so
gestational age (34-36 weeks) is not associated with child’s language development. Effect
size r=0, 1 (small effect) explains 1% of the total variance; Sig0,037; (p<0,05;
Mean difference 5,038; Std. error difference 1,228; We got a significant value and it
means, that child’s language development is highly linked with small+ moderate gestational
age. Effect size r=0,3 (medium effect) — the effect accounts for 9% of the total variance;
(r*- effect size: is an objective and standardized measure of the magnitude Of observed
effect. Effect size provides an objective measure of tve importance of an effect. Value: from
O=to 1; effect size=0 means, that, there is no effect).
Table 3. Group statistics:

BRIl / Full Term 54 1619  5.129 698
Groupl/ Late Preterm 46 14.74 5.893 .869
Bl Full Term 54 1619  5.129 698
-/Early Preterm + Moderate preterm 34 11.15 6.301 1.081

The difference in language development assessment among the full-term and late
preterm children shows low correlation and is not significant (Cramer’s V is 0,118;
Pearson Chi-square data 0,098 (p>0,05). While the language assessment data in early and
moderate preterm group compared to term infants show significant difference (Cramer’s
V is 0,354, Pearson Chi-square data 0,004. Statistical analysis show medium correlation,
value (p<0,05), which tell us, that language development is a significantly associated with
gestational age. So, small gestational age is correlated with language development
problems (table 3).
Table 4.

Pearson Chi-square Gramer'sV Correlation

BRI — GrOUPI Sig.0,498 (p>0,05) 0,118 Low

ORI GROUEN  550004(<005) 035  Medium
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Children’s language development is influenced by many different factors; In our study we
focus on: gender, feeding type, family income, family size and parental education. Male
gender is considered as one of the risk-factors for language development. We find that
overall girls (n=61) have better language skills, then boys (n=73). Parents and family
members play a crucial role in a child’s language development. Parents' education and socio
economic status has a great impact on children’s global development. We found, that
overall children from low-SES families often begin school with significantly less linguistic
knowledge (p<0.05). We did not find significant correlation between family size and school
readiness scores(p>0.05). In our study about of children 75,37% (n=101) had attended
preschool. We compare children inside each group, and our data shows, that preschool
education significantly improves language development. We also analyzed association
between the child language skills and feeding practices. 62% (n=83) of study population
were breastfeed and 38% (n=51) formula feed. We found little relationship between infant
feeding practices and the cognitive development, the difference was not significant (p >
0.05), that can be explained by small sample size. During our study we reveal, that study
participants who watch TV and play an electronic tablet more than 4 hour a day, had worse
data, than children with rich, mutually satisfying verbal interactions with parents and

pears.

Discussion: Our results showed correlation with prematurity and language development.
The results of Allison M. Tanner study indicated that the children born premature
consistently performed at a lower level than the children that were born full-term in
receptive and expressive vocabulary, expressive language, and phonological short-term
memory for non words and digit sequences [1,7,2].Preterm birth poses risks for the
language development of children, especially in the first years of life and they are at
substantial risk of language-based learning disabilities that may not be detected until school

age, but there are considerable individual differences in outcomes [4,5].

Our results showed correlation with prematurity and language development. The same
results were found in several studies: Study of Amanda B. Zerbeto confirms an association
between prematurity and language development. In studies that made comparisons
between preterm and term infants, there was evidence that preterm infants had poorer
performance on indicators of language. It was also observed that children born with lower
birth weight had a poorer performance on measures of language when compared to
children with higher weight and closer to 37 weeks of gestational age. Regarding the type
of language assessed, expression proved to be more impaired than reception. Higher
parental education and family income were indicated as protective factors for the
development of language. Conversely, lower birth weight and higher degree of prematurity

emerged as risk factors. Language difficulties are prevalent in premature children and
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include articulation problems and expressive language delays, which can manifest
themselves as poor vocabulary and grammar. Difficulties with phonological awareness are
also common and predict later poor reading and writing. In fact, preterm birth is likely to
have long-term consequences, affecting linguistic development beyond preschool (7).The
results of Allison M. Tanner study indicated that the children born premature consistently
performed at a lower level than the children that were born full-term in receptive and
expressive vocabulary, expressive language, and phonological short-term memory for non
words and digit sequences. [11,12]. Study of Inge L. van Noort-van der Spek et al reveales,
that Preterm-born children scored significantly lower compared with term-born children
on simple ( £<.001) and on complex (P < .001) language function tests, even in the absence
of major disabilities and independent of social economic status. For complex language
function (but not for simple language function), group differences between preterm- and
term-born children increased significantly from 3 to 12 years of age (P=.03). And while
growing up, preterm-born children have increasing difficulties with complex language
function. The results of Allison M. Tanner study indicated that the children born premature
consistently performed at a lower level than the children that were born full-term in
receptive and expressive vocabulary, expressive language, and phonological short-term
memory for non words and digit sequences [12]. Study of Cusson RM! shows Language
development is delayed in preterm infants. Maternal sensitivity is positively associated with
enhanced infant language [11]. Study of NZ Rabie; TM Bird; EF Magann; RW Hall; SS
McKelvey shows,that Rates for all outcome variables were statistically significant and
elevated for LPI, but adjusted hazard ratios (AHRs) were only significant for the risk of
developmental speech and/or language delay. So,late preterm and early term deliveries
have adverse long-term neurodevelopmental outcomes, and these outcomes should be
considered when determining the timing of delivery. In recent years, LPIs have
increasingly been regarded as “at-risk” rather than “low-risk” infants. They are born
developmentally immature and with increased neonatal health concerns compared with
term infants. The impact of early neonatal care on longer-term outcomes has not yet been
well considered; comorbidities, neonatal admission, and surrounding factors have not been
fully explored. Systematic measurement of early childhood outcomes, such as those already
considered for extremely preterm infant groups, is lacking in the late-preterm population.
There is a real need for focused long-term follow-up studies to investigate early childhood
development after late-preterm birth [12].

Many children in developing countries are exposed to multiple risks for poor development
including poverty and poor health and nutrition. The children will subsequently do poorly
in school and are likely to transfer poverty to the next generation. We estimate that this
loss of human potential is associated with more than a 20% deficit in adult income and will

have implications for national development. (3) The study found little-to-no relationship
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between infant feeding practices and the cognitive development of children with less-
educated mothers. Instead, reading to a child every day and being sensitive to a child's
development were significant predictors of math and reading readiness outcomes [5,
6].Some studies suggests that a longer duration of breast feeding benefits cognitive
development [7]. The meta-analysis of American Pediatric Academy indicated that, after
adjustment for appropriate key cofactors, breast-feeding was associated with significantly
higher scores for cognitive development than was formula feeding [28].The study of
Hartley and Sutton, have recently reported that especially boys develop gender stereotypes
according to which girls are perceived as academically superior with regard to motivation,
ability, performance, and self-regulation [9]. Some studies show gender-dependent
differences in the development of infants assessed during the first 2 years of life [3,8].Our
data shows, that preschool education had positive role in achievement of language
development. Reading and writing skills are better in preschool attended children. Studies
show that that preschool attendance have an impact on school readiness and school

performance. [3,1,12]

Conclusion based on results of our study early and moderate preterm children are at
increased risk for low level of language development up to 6 years of age, while late preterm
infants does not show significant difference from term population. Male gender, absence of
preschool education and low family socioeconomic status can be considered as risk factors
for language development. Too many children enter school with physical, social, emotional
and cognitive limitations that could have been minimized or eliminated through early
attention to child and family needs. Addressing the risk factors and inclusion of early and
moderate preterm children in early intervention and preschool services will improve their
developmental outcomes. Interventions are required before and around school age to
facilitate preterm children to perform at their potential. So daily reading, maybe 15 minutes
per day, is an important contribution to the child’s developmental outcomes. Since 15
minutes per day adds up to more than 90 hours per year, this can be a substantial
investment in helping children reach their full potential in language learning. High-quality
and stable child care and preschool education services is important for all infants and
toddlers, but especially preterm born children. Inclusion of children in preschool

improvesglobal development [12].
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Dmdogh M9Hs3M XRBT0 3505TIE SHIE MO0 GIMIB Fgs0Mgd0m 5B3969dL
960083690356 256lb353905L (30159960l V 560l 0,354, Pearson Chi-square dmbs39d9d0
0,004). LESEHOLEH03MOO 650D 5B3969dL Lodwmoem 3:mMYSE0L, I60T3bgEMBL
(p<0,05), 53 239069ds, MMA 9bol Qsb306Mds F60I3bgEM3gbs SLMEFOMmYdS
MmOLY@MOOL  gBI3Mb.  dby  GMI, J3o6Mg  MOLMEEMdOL  bsfgobo  gBo3o
5393906909905 9bol 4963056900l 3O:Md9qd™Mb. d0bods Mo Rsdm®Bgbols
5QMJM0 25dm3gbs s 9@MgMo BsMgzol LgM30LgdoL sygdsd dgodergds
39999x mdGLML 6550930 B5333900L 2963005MGd0L T9gRq00. oo baolbols
©OLGHVOWMEMO 8530306 dmgws  36003bgarmgzsbos  yzgams  Bgzowrobomgol,
3obbo3MMOgdom  ommM30L, 3063 Fgodwgds oyml BosMg30  FMO0SOHMIOM
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153356dm  LBo@ygzgdo: 9bol  2ob30ma0gdol  9gaq00, s©MYMEo  ©s 330960
09653 Mds, 1130 STOIEO S1530.
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AoGcTpakT

I'moGanpHBIl Tporpecc B 00JACTH BBDKMBAHUA W 3J0POBbA JeTed He MOXeT OBITh
DOCTUTHYT 0Oe3 pelleHUs IIPOOIEMBI IPeXeBPEMEHHBIX POZOB, IIOCKOJIBKY €XeromZHO
OK0JI0 15 MMJUIMOHOB fleTell pOXKAAIoTCs IpexaeBpeMeHHO. Exxeronno 6osee 1 Mmwiinona
IeTefl yMUpAIOT U3-32 OCJIOXHEHWH, CBA3AHHBIX C IIPEXAEBPEMEHHBIMH POZAMH.
OcnoxHeHus, B 3HAYUTENbHOI CTEIIEHW CBA3aHHBIE C HEJOHOUIEHHOCTHIO, BKIIOYAIOT
OCTpBle PpEeCIUpPATOpPHBIE, XeJIyZOYHO-KUIIeYHbIe, HMMYHOJIOTHYeCKHe, 3a001eBaHUSL
HeHTpaﬂbHOﬁ HePBHOﬁ CHUCTEMBI, 4 TaKXKe ,Z[OJII‘OCPO‘-IHBIe ABUTaTeJIbHbIE€, KOTHUTHUBHBIEC,
IIOBeJleHYeCKHe, COIMATbHO-OMOLUMOHAIbHbBIE IIPOOJIeMBI, IIPOOIEMBI CO 30POBBEM,
poctoM u peusio. llemplo uCCIeOBaHUA ABJIANACH OIEHKA A3BIKOBBIX HABBIKOB
HeJIOHOIIEHHBIX JleTell IIKOJIBHOTO BO3PAcTa U BhIABIEHNE (DAKTOPOB PHCKA, BIUSIOUUX Ha
pe3yJIbTaThl A3BIKOBOTO Pa3BUTHA. PeTpOCIEeKTHBHOE HCC/Ie[JOBAaHUE «CIy4ai-KOHTPOJIb»
65110 TIpoBezsieHO B llenTpe pasButus gmereil llenTpanbHO#l meTckoit 60apHUIBI M. M.
Wamunu (I'pysus, Towmnmucu). Mer oleHnIn A35IKOBBIE HAaBBIKH Yy JleTeil B Bo3pacre 7243
MmecseB (n = 134). Jletu 6Gputu paszeneHsl Ha ocHOBHYIO (n = 80) u KoHTpOIBHYIO (N = 54)
rpynmsl. I'pynmsr ObiM OZHOPOZHBIMM B 3aBHCHMOCTH OT Bo3pacTa pebeHKa, IIOJA,
COCTOSHHA 370POBbS MaTepH, 00pa3oBaHUA MaTepH, JOXOA JOMOXO3AHUCTBA, CTPYKTYPHI

cembu. CraTrcTryeckuii ananus Ob11 ocHoBaH Ha SPSS 20. Pasuuiia B omeHKe S35IKOBOTO
paSBI/ITI/IH Cpe,I[I/I AJOHOIIIEeHHbIX M IIO34HO HEAOHOIIEeHHBIX rZI;ETeI‘/)I IIOKA3bIBaAeT HI/ISKYIO
Koppeanuio u He aisgercs 3Haunmoit (V Kpamepa cocrasiser 0,118; mamnubie xu-kBazpar
[Tupcona 0,098 (p> 0,05). [lanHbIe A3BIKOBOM OLIEHKHU B IPyIIIe HeJOHOUIEHHBIX HA pAHHEM
U yMePEeHHOM CPOKaXx 110 CPaBHEHHIO C JOHOIIEHHBIMH JeThMHU II0Ka3bIBAIOT 3HAYUTEIbHYIO
pasauny (V Kpamepa cocraBmser 0,354, mamnsle xu-kBagpar IIupcoma 0,004).
CratucTuyeckuil aHaiIM3 IIOKa3bIBaeT CpeJHIO Koppensinuioo, 3Hadenue (p <0,05),
KOTOpBIE€ TOBOPAT HaM, YTO SI3BIKOBOE pa3BUTHE B 3HAYUTEIBHON CTEIIEHW CBSI3aHO C
TeCTAIlMOHHBIM BO3pacToM. TakuM 00pa3oM, Majblii TeCTallMOHHBINH BO3pPAcT CBA3aH C

HPO6JIeMaMI/I SI3PIKOBOTO Pa3BUTHA. Pannee O6HaPY)KEHI/Ie MUHHUMAJIBHBIX 3dJ€PKEK N
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Ha4yaji0 OKa3aHHA YCJIYyI PaHHErO BMENIATE/JIbCTBA MOTYT YJIYy4IIMTh Pe3yJbTaThl Pa3BUTHAL
HeZIOHOIIEHHBIX JeTeil. BCeM MIJAJIeHIIaM, HO OCOOEHHO TeM, KTO IIOABEpXeH PHUCKY

HEeJOHOIIEeHHOCTH.

Kriouessie cioBa: PEe3YyJIbTaThl A3BIKOBOT'O PA3BMTHA, pdHHHNE 1 IIO3JHHE HEJOHOIIEHHbIE,

JOILIKOJIBHBIA BO3PaCT.
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Abstract

Emotional intelligence (EI) is the ability to be aware of and control one's emotions and
empathize with others. EI is essential for the well-being of a health care provider and their
professional practice. A health care provider’s empathy is important in building a strong
relationship with the patient which results in enhanced positive service outcomes.
Emotional intelligence competence can be acquired through training and implementation
in our own life. As every person is unique, he or she needs to learn concepts that will be
suitable for him or her. The objective of the study is to assess the emotional intelligence
among health care providers working in a tertiary level hospital and also to understand the
association of emotional intelligence with demographic variables of work experience and
age of health care providers working in a tertiary level hospital. A descriptive cross-
sectional research design was conducted in the Tertiary Level Hospital of Kathmandu
District, Nepal to assess the emotional intelligence among health care providers. Through
convenience non-probability sampling technique 100 health care providers were selected
and to assess the status of emotional intelligence Standard Self-Report Emotional
Intelligence Test (SSEIT) was used. Results of the study revealed that the highest forty per
cent of the respondents have a low level of emotional intelligence and only thirty-two per
cent of respondents have a high level of emotional intelligence. Lower in the level of EI
among the health workers may be due to the lack of awareness on EI There was also
significant association between the level of emotional intelligence with the respondent’s
age (p= 0.003). which shows with the increasing age, individuals have different working
exposures that improve in their maturity, which may support increasing the level of EI,

and there is no significant association with respondent’s working experience.

Key words: Emotional intelligence, stress, compassion, fatigue, interference, intervention.

Introduction
Emotional intelligence is the competency of health care providers working in a tertiary
level hospital which helps to understand and regulate emotions of self as well as others

(Goleman, 2001). There is a significant relationship between emotional intelligence,
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happiness and mental health in addition to making a contribution to achievement in
maximum endeavours (Sasanpour, Khodabakhshi, & Nooryan, 2012). It additionally
performs an essential element in forming successful human relationships, establishing a
therapeutic nurse-patient relationship (McQueen, 2004). Emotional intelligence and
patient- centres care increasing stress as a part of health care policy and practice (Birks &
Watt, 2007). It may be taught, learned, and modified in medical care packages for better
patient-doctor relationships (Basem Abbas Al, 2018).

Materials

There is a significant positive correlation between emotional intelligence and subjective
well-being (Rema & Gupta, 2021; Sénchez-Alvarez, Extremera, & Fernandez-Berrocal,
2016). There is an association of higher emotional intelligence with a positive mood and
higher self-esteem (NS Schutte, J]M Malouff & Hollander, 2002). Nurses with higher EI will
contribute to a more productive and harmonious work environment. There is a significant
positive relationship between job performance and emotional intelligence (Li et al., 2021;
Patrianus Khristian Smule, 2012). It did not differ significantly from clinical nursing
experience and was positively significant with age (Intelligence, 2018). Four common
paradigms; self-awareness, self-management, social awareness and relationship
management are the main ingredients for increasing the well-being of health care
providers. It helps to increase the quality and positive outcomes of personal and
professional life (Raghubir, 2018). Intervention, in order to increase emotional intelligence,
can be powerful in improving empathetic communication, clinical performance, the

relationship between patient and health care providers, and improve clinical outcomes.

Objectives

To identify the level of Emotional Intelligence among health care providers.

To identify the association between emotional intelligence with selected socio-
demographic variables of age.

To identify the association between emotional intelligence and working experiences.

Research Methods

A descriptive cross-sectional research design was adopted to conduct the study in the
Tertiary Level Hospital of Kathmandu District, Nepal to assess the emotional intelligence
among health care providers. The study includes convenience non-probability sampling
techniques and 100 healthcare providers were included in the study. The dependent
variable was emotional intelligence and independent variables were health background,
age, gender, years of experience and training on EI. A Standard Self- Report Emotional
Intelligence Test (SSEIT) was used to collect data. It comprises a self-report on a 5- point

Likert scale: 1- strongly disagree, 2- disagree,3-neutral, 4- agree, 5-Strongly agree. It is a
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33-items Likert scale. It is a valid tool with internal consistency (Cronbach’s alpha= 0.90)
(Schutte et. al., 1998). For analyzing the study data, Statistical Package of Social Sciences
(SPSS), descriptive statistics analysis (Frequency and Percentage) and Pearson Chi-Square
test and Fisher’s Exact Test was used to measuring the association between level of

emotional intelligence with selected variables.

Results

Table no.: 1

Socio-demographic variables of respondents

n=100
Variables Frequency | Percentage (%)
Healthcare Provider
Nursing 60 60.0
Others Paramedical (Lab, Radiographer, HA & Pharmacy) | 40 40.0
Age
18-27 years 9 9.0
28-37 years 69 69.0
38 years and above 22 22.0
Gender
Male 21 21.0
Female 79 79.0
Year of working experience
1-5 years 77 77.0
6-10 years 14 14.0
11-15 years 7 7.0
16 years and above 2 2.0
Emotional Intelligence Training Status
No (not take any training on EI by the respondents) 100 100.0

Table no. 1 displays information about socio-demographic variables of the respondents and
it revealed that the majority (60%) of the respondents were nurses and (40%) were
paramedical staffs (i.e. Lab technologist, Radiographer, Health Assistant and Pharmacy).
The majority (69%) of the respondents were from 28 to 37 years of age whereas 22% of
respondents were 38 years and above and 9% respondents were from 18- 27 year group.
The majority (79%) of the respondents were female whereas the remaining (21%) of the
respondents were male. The majority (77%) of the respondents had 1-5 years of work
experience whereas a few (14%) of the respondents had 6-10 years of work experience and

only (2%) of respondents had work experience of 16 years and above.. All the respondents
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who were included in the study had not taken any training related to emotional

intelligence.

Table no.: 2

Level of Emotional Intelligence

n=100

Level of Emotional Intelligence Frequency | Percentage (%)
Low 40 40.0
Average 28 28.0

High 32 32.0

Table no. 2 shows the level of emotional intelligence and revealed that the highest number
(40%) of respondents has a low level of emotional intelligence whereas 32% of respondents
have a high level of emotional intelligence and whereas the rest (28%) has an average level

of emotional intelligence.

Table no.: 3

Association between Emotional Intelligence and Age

n=100

Level of EI Age Total P value
18-27 28-37 8 and Above 0.003
Low 5(12.5%) | 20 (50%) | 15 (37%) |40 (100%)
Average |2 (7.1%) |25 (89.3%) | 1(18.8%) |28 (100%)

High 2(6.2%) | 24(75%) | 6(18.8%) |32 (100%)
Total 9(9%) |69(69%) | 22(22%) |100 (100%)

Table no.: 3 demonstrates the outcome of Chi-square and Fisher’s exact test analysis carried
out to find out the association between level of emotional intelligence and selected Socio-
demographic variables which revealed that there is a significant association between level

of emotional intelligence with respondent’s age (p= 0.003).

Table no.:4
Association between Emotional Intelligence and working experiences
n=100

Level of EI Health care provider Total [P value
Nursing |Others (Lab, Rad. &HA) 0.501
Low EI 21 (52.5%) 19(47.5%) 40 (100%)
Average EI |18 (64.3%) 10 (35.7%) 28 (100%)
High EI 21 (65.3%) 11(34.4%) 32 (100%)
Total 60 (60%) 40 (40%) 100 (100%)
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Table no.: 4 demonstrates the outcome of Chi-square and Fisher’s exact test analysis being
carried out to find out the association between level of emotional intelligence and working
experience which revealed that there is no significant association between level of
emotional intelligence with respondent’s working experience (p= 0.247).

Table no.:5

Association between Emotional Intelligence and Health care provider

n=100

Level of EI [Working Experience Total P-value
1-5 yrs 6-10 yrs | 11-15 yrs |16 yrs and above]

Low EI 31 (77.5%) |7 (17.5 %) |2(5%) |0 (100%) | 0.247

Average EI 25 (89.3%) |2 (7.1%) |1(3.6%) |0 (100%)

High EI 21 (65.6%) |5 (15.6%) |4(12.5%) |2 (6.2%) (100%)

Total 77 (77%) |14(14%) |7 (7%) |2 (2%) 100 (100%

Table no.: 5 demonstrates the outcome of Chi-square and Fisher’s exact test analysis being
carried out to find out the association between level of emotional intelligence and health
care provider which revealed that there is no significant association between level of

emotional intelligence and Health care provider(p= 0.501).

Conclusions

Emotional intelligence is fundamental to health workers practices. Concepts EI are central
to nursing practices and affect critical thinking, decision making, quality of patient care
and patient outcome (Bulmer, Profetto-mcgrath, & Cummings, 2009). In addition, people
with a higher level of emotional intelligence are found more successful as compared to
those who were low at the emotional intelligence scale (Transactions, Sciences, & Volume,
2013). Based on the finding the study concluded that forty per cent have a low level of
emotional intelligence and only thirty-two per cent of respondents had a high level of
emotional intelligence. Having low level of EI among the health workers may be due to
the lack of awareness on EI.The study also shows a significant association between the level
of emotional intelligence with respondent’s age (p= 0.003). Various studies also support the
significant relationship between age and emotional intelligence (Chapman & Jr, 2006; Date,
2020; Sliter, Chen, & Withrow, 2013; Well-being, 2017). With the increasing age,
individuals have different working exposures that improve in their maturity, which may
support to increase their level of EI. Emotional intelligence contributes in the better
performance of the staff, hence makes the workplace environment better. So, it is urgent
and necesary to orient and train the health workers in the EI which will ultimately support

the well-being of healthcare service providers and also the wellbeing of patients.
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BLEBHGMSIBH0

90m30m0  0bGHgegdBo (EI) sGol 96560 536md0gmadog s 53mbEMmmmgdog
1539056 98ME30JOL O MMsbIAMABM Bb39dL. 98M 30O 0bEHYgdBHO 59(30¢gdJ0s
X9b65330L  LGPIOHML  HomIMToYgbgdol 39000 EEIMBOLMZOL @S FomOo
36 x39LO0ME0 36M5gdEH030Lm30L. X96s(330L 3530l MsbsMIbMds 860d3bgwmzs60s
3530963056 dEwogmo ME@mm0gHMNMOOL ILYIMYIWS, M3 0f393L FmALsbwMgdOl
39909MHgdM  3mboGom®  8999dL.  9gdmEoMo  0b@Ggwgd@ol  3ma3gG9gbsos
d90dgds 89d9b0¢o 0gml GMgbobyol s dobo B39bL 3bMm3M9dsd0 IBYMAZ0L yHoo.
3065056 M0MgMwo 5530560 Mb03oE0s, b Mbs obffagarml (3690900,
GH0dwgdog dobmzol FgboggMolbo 0d69ds. 33eg30l oBsbos Fgoggsliml 9dmE0IGO
0b6@9wgddHo 99Ls89 MbBOL Bo535YMmBMTo dMddsgzg X 9bs330L 3OM350YMYOL
dm6H0b o 51939 390gML 98MEoMO 0bEGHI9d@OL 3933060 Bsdwdsm ASTMEEOWYdOL
©99MAGMOBON (33000 JIMSDE @5 Fgusdg ©Mbol  LoogsIYymamdo  dmddsagy
X96@05330L  360M35009MgdOL  s153006. X35Mgobo  33¢g30L ODs0bO  BoEIMS
Bg3oedo,  393FbEML  medol  gbedg  @MBoL  LvszsAYymxmPo,  xobs330L
360HM350009M9dL ImMoL gdmiEomdo 0b3gmgd@ol Tgboxzsligds. dmbgmbgdmwo
3M55dsmMMo  dgMbBg30Lb  bgdboom  dgo®Bs 100 x9bsE30L  3G)M350IM0 o
990309900 06390 9dGHoL LEIGHMLOL gLogslgdws 2sdmyqbgdwcro 0dbs gdmazowmeo
06®99dGHobL LEGHBPIOEHMO M3003985L900L Egu@o (SSEIT). 33¢930L 999903
5h396s, M™A M9gL3mbabEH™Ms 40%-b 5J3b B gdm30Mo 0bGgwgd@o, brerm
3odmzombrmms dbmerm@ 32%-b 5d3b 9dmEomo 0bGHI9dGOL Fomsero mby.
X 965330l 335390l GOl 90mE30IMH0 063 gdEHOL dIwo Mbg dgodwgds
399mf399wo ogml dob dqlobgd 0bxzm®I0MGdMMdOl b5530gdmdom. 51939 oym
8609369c™m3560 3938060 98m3099M0 063 JEgEoL Mbgls s MYL3MBbEYBEHOL Sbo3L
dmeobL (p= 0.003). G5 330639690l sLogol FoEHgdsLlmb gMms©, 06030 Sd30m
Ubbgoolibgs LsdMdom odmEOMgdg00, Mog 99dxmdgbgdl doo LodHoxzgl, o3
d90dwgds bgero 99mfymlb 9godmEonedmo 0b@Hgwgd@ol mbol $850qdsl s 96 SGOL
3600836903560 35380600 MHg3MbI6EHOL Bodwdom godMm(3EOEGISLMSE.

153396dm BoByzgdo: gdmEoMo 0bGHwgdBHo, LAHMGLO, MBsMABMBS, IV MDY,
0b@9M396309.

52


mailto:pbrt426@gmail.com

OMOIMOHATBHBIH MHTEJUIEKT MeIUIMHCKIX PaGOTHHKOB, paboTalomux B GoIbHUIIE
TPeTH4YHOr'O YPOBHA
ITpammna Txama, Pamem bxatra, [xxocara Kxanan, Armn Yayaxapu
Corresponding Author: Pramila Thapa, Nepal, 00977, Yeti Health Science Academy,
pbrt426@gmail.com

AGcTpakT

OMonroHaIbHBIN NHTEIIEKT (DM) - 5TO CTOCOGHOCTH OCO3HABATH ¥ KOHTPOJIUPOBATH CBOU
SMOIIUY U COTIepeXXuBaTh ApyruM. El nMmeeT BaxkHOe 3HaUeHMe 11 6IaroloIyyns Bpada 1
ero nmpodeccuoHaIbHOH AearenbHOCTH. COYyBCTBHE MeANIIMHCKOTO paOOTHUKA BAXKHO JIJI
IIOCTPOEHUS IIPOYHBIX OTHOIIEHWI C IaLMeHTOM, YTO IPHUBOAUT K YJIyYLIEHHUIO
IIOJIOKUTEIBHBIX  Pe3yJbTaTOB  OOCHy>XuBaHWMi. KoMIleTeHTHOCT B 00JIaCTH
5MOIIMOHAIBHOTO MHTEJUIEKTA MOXeT OBITh IIpHoOpeTeHa ITyTeM O0yUeHH!s U IPUMeHeHU
B Hameil coOGCTBeHHOU >XM3HM. IIOCKONBKY KaKABIN 4YelOBeK yHUKAIeH, eMy MM el
HeOOXOAMMO U3YYUTh KOHIEIIUH, KOTOPble OyAyT eMy noaxonuTs. Llenpio uccirenoBanus
ABJIAETCA OIleHKAa OSMOIIMOHAJIBHOTO MHTEJUIEKTa Cpeiu MeAMIMHCKUX PabOTHUKOB,
paboraromux B OOJXBHUIE TPEeTUYHOTO YPOBHA, a TakKXke IIOHHUMAaHHE CBA3M
SMOIIMOHAJIBHOIO HHTEJUIEKTAa C JeMOTpapuYeCKUMU II€peMEeHHBIMU OIIbITa pabOTHI U
BO3PACTOM MEAMIIMHCKUX PAaOOTHUKOB, paboTaiomux B OOJIBHUIIE TPETHUYHOTO yPOBHA.
OmnucarenbHBIH KPOCC-CEKIIMOHHBIM IIJIaH MCCJIeNOBAaHUA OB IpOBeleH B OOJBHUIE
TpeTUYHOTO ypoBHA oKpyra Karmanny, Hemas, 114 oeHKY 5MOIIMOHAIBHOTO MHTEJUIEKTA
cpeny MeIMIMHCKUX paboTHUKOB. biaromaps yzoOHOMY MeTOZy He BepOSATHOCTHOI
BeIGOpKU ObLI0 oTOGpaHo 100 mOCTaBUIMKOB MEIUIMHCKUX YCIyT, M JJI OL€HKU
COCTOAHHMSA OMOLMOHATBHOTO WHTe/UIEKTa OBLI HCIIOJNB30BAaH CTAaHAAPTHBIM TeCT
SMOLMOHATBHOTO uHTeleKTa c camoorderoM (SSEIT). Pesympratsr wucciemoBaHuA
IIOKAa3aJId, YTO CaMble BBICOKME COPOK IIPOIIEHTOB PECIIOHZEHTOB 00JIaZaloT HU3KUM
YPOBHEM 5MOIIMOHAIBHOTO HMHTEJJIEKTA M TOJIBKO 32 IIPOIleHTa PeCIIOHIEHTOB 00JIafaloT
BBICOKMM YPOBHEM 3MOIIMOHAJIBHOTO HHTe/IeKTa. bonee Huskuit yposeHb EI cpemu
MeIUIIMHCKUX PaGOTHUKOB MOXKET OBITH CBA3aH C HEJZOCTATOYHOIH OCBELOMJIEHHOCTHIO 00
El. Taxxe Obula 3HAYMMas CBSI3b MEXZY YPOBHEM OSMOIIMOHAJIBHOTO HHTEJIEKTA U
Bo3pactoM pecrorzieHTa (p = 0,003). KOTOPHIH OKa3bIBaeT, YTO C BO3PACTOM JIIOAH UMEIOT
pasInyYHbIe paboure BO3LEHCTBU, KOTOPEIE YJIyYLIAlOTCS IT0 MePe UX 3PEJIOCTH, YTO MOXKET
CIIOCOGCTBOBATDH ITOBBIIIEHUIO YPOBHA El, U HeT cyujecTBeHHOMH CBA3M C OIBITOM PabOTHI

PecIIOHJIeHTa.

KiioueBble C/1OBa: SMOLIMOHAIBHBIN HMHTEJJIEKT, CTPECC, COCTPafiaHue, YCTalIoCTh,

BMeNIaTe/JIbCTBO.
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Abstract

Within the scope of the study, clinical non-typhoidal Sa/monella were isolated in Armenia
and Georgia and identified based on conventional microbiological methods and MALDI-
TOF MS. These isolates were further analysed by serotyping (White-Kauffmann-Le Minor
scheme) and their antimicrobial susceptibility profiles were defined. A total of 40 antibiotic
resistance profiles were identified, of which 35 were characteristic of clinical strains. Out
of a total of 345 isolates, 238 strains from Georgia, Armenia and Ireland were eventually
selected for our study. Using the strains of this collection, 13 new bacteriophages were
isolated, characterized by biological and genetic features. Based on the data obtained,
phages were classified and the peculiarities of their life cycle were determined (virulent-

lytic, moderate-lysogenic).

Analysis of the sequencing results showed that only one of the 12 phages identified as
temperate phage (vB_GEC_ TR), it belongs to the family Podoviridae, genus-
Laderbergvirus. While the other 11 phages are virulent, they are related to well-known
and characterized phages, which are used in various phage preparations. Analysis of their
genomes did not show any lysogeny associated genes. Among the virulent phages, 6 are
members of Myoviridae family (vB_GEC_B1, vB_GEC_B3, vB_GEC_MG, vB_GEC_BS,
vB_GEC_NS7, vB_GEC_7A) and 5 of the Syphoviridae family (vB_GEC_N5, vB_GEC_N8,
vB_GEC_M4, vB_GEC_MS5, vB_GEC_Hi). In vitro tests revealed that the phages -
vB_GEC_BI, vB_GEC_BS, vB_GEC_B3, vB_GEC_NS7, vB-GEC-N8 showed high activity
(60% to 80%) against the examined strains. The phages have been shown to be more
effective against clinical strains (=90%) than against veterinary strains (=70%). The strains
susceptible to these phages were mainly S.typhimurium and S. Enteritidis serovars and are
largely of clinical origin. Based on our research we can conclude that the application of
phages as an additional tool for the treatment of MDR Sa/monella infections seems to be

plausible. Phages are natural and specific antibacterial agents, which can lyse bacteria
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irrespective of their AMR status, whilst leaving the commensal microflora unharmed. This
is one of the main advantages of phages in comparison to antibiotics. The phages tested in
this study showed potential for application in phage therapy against MDR Sa/monella
infections.

Key words: bacteriophages, salmonella, bacteria, resistance to antibiotics.

Introduction

Salmonella is a ubiquitous, increasingly resistant bacterium which can survive several
weeks in a dry environment and even several months in water. Infections caused by various
salmonella pose a serious threat to both human and animal health. According to the World
Health Organization’s report (WHO), 550 million people are infected with diarrhea each
year, including 220 million children under the age of five!. Salmonella is one of the leading
causes of foodborne infections. Antibiotic resistance is a growing process in non-typhoid
salmon and has been monitored since 19962. Since 2017, Fluoroquinolone-resistant
Salmonella spp. was included in the list of high-priority pathogens by the World Health
Organization (WHO)3. Invasive infections caused by non-typhoid salmonella are prevalent
globally, but the number of cases varies by geographical location. About 1% of enteric
infections caused by non-typhoid Salmonella are complicated by bacteremia, although the
true extent of bacteremia is unknown because many major enteric infections are not
microbiologically diagnosed. Infants and people over the age of 65 are more likely to
develop bacteremia. Concomitant diseases increase the risk of complications from

bacteremia®.

Bacteriophages, or phages, are increasingly being considered as a primary or auxiliary /
complementary means of combating highly resistant bacteria. Although phages have been
used for therapeutic purposes in Georgia, Poland and Russia for almost a century®.
However, existing commercial drugs cannot be used globally because they do not meet
Western regulations and standards for pharmacological drugs. Consequently, there was a
need to study bacteriophage-based preparations in more depth, taking into account their

genetic, physiological and biochemical characteristics.

Materials and Methods

Isolation and identification of Salmonella isolates

The first phase of our work involved collection of non-typhoid Salmonella enterica subsp.
enterica strains from different countries and from different location of pathogen habitat.
Some of the strains were obtained from different countries, which were isolated from both
animals and human samples with salmonellosis (feces, blood) as well as from foods
contaminated with Salmonella. A total of 345 strains were collected and sent to our institute
for further work.
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After identification using primary, microbiological and biochemical methods, all isolates
belonged to the species Salmonella enterica.

For reliable identification species of clinical isolates obtained from Georgia, Armenia and
Tajikistan, were analyzed by matrix assisted laser desorption ionization-time of flight mass
spectrometry (MALDI-TOF MS). The analysis revealed that 25 isolates (14 from Tajikistan,
5 from Georgia and 6 from Armenia) did not belong to the genus Salmonella. They belonged
to the species: Escherichia coli (9), Hafnia alvey (5), Morganella morganii (4), Enterobacter
cobay (1), Enterobacter ludwigi (1), Comamonas kerstersii (1), Citrobacter freundii (1),
Citrobacter braakii 2), Proteus vulgaris (1). Accordingly, these isolates were not used for
further work.

Serotyping was performed according to the White-Kaufman scheme. Of the 91 Georgian
and Armenian isolates, 54% belonged to the serotype S. Typhimurium, 32% - S. Enteritidis
and 5% could not be accurately identified, so they are referred to as - Salmonella spp ©.
Also, according to the Kaufman-White scheme, the strains that our laboratory received
from Ireland were serotyped. Salmonella Typhimurium is the most abundant of these
isolates, followed by Salmonella Dublin and Salmonella Enteritidis. The collection also

includes such rare serotypes as Salmonella Uganda and Salmonella Goldcoast.

Picture Ne 1.
Distribution of strains used in the study by serotypes

M S Anatum 5% M S. Bareilly 1%

M S. Braenderup 1% W 'S. Brandenburg 1%

M S. Bredeney 2% M S. Derby 2%

M S. Dublin 7% M S. Enteritidis 23%

H S Gaminara 1% M S. Goldcoast 1%

M S. Infantis 4% HS. Java 1%

M S. Kentucky 1% M S. Newport 3%

M S. Poona 1% i S. Senftenberg 1%

M S. Typhimurium 41% M S. Uganda 1%

® S, Virchow 1% M Salmonellaparat.B 1%

M Salmonella spp. 6%

As can be seen from the picture, most of the strains (41%) belong to S. typhimurium
serotype, followed by serotype S. enteritidis -23%, serotype S. dublin - by 7%, S. anatum
by 5%, and other serotypes by -Represented as a percentage. And unidentified serotypes,
Salmonella spp. 6%, S. anatum 5%, while other serotypes are represented by 1 or 2 strains.
(Picture 1.)
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In total, 240 strains were used in our study, of which 118 were clinical strains and about
121 were veterinary strains, including strains from Georgia, Armenia and Ireland. 148

strains from Ireland, 20 strains from Georgia, 71 - from Armenia. (Picture 2.)

Picture Ne 2.

Amount of strains

121 118

Clinical Veterinary

Antimicrobial Susceptibility Profiles of Salmonella Isolates

Eleven antibiotics were used to determine the susceptibility of the strains to antibiotics:
ampicillin (A), amoxicillin + clavulanic acid (Au), azithromycin (Az), ceftriaxone (Cx),
chloramphenicol (Cm), ciprofloxacin (Cip), nalid (Su)), streptomycin (Sm), tetracycline

(Tc), trimethoprim-sulfamethoxazole (T / S).

As the study showed, only 3 clinical strains obtained in Georgia were found to have
multiple antibiotic-resistant genotypes, 2 of these strains belong to S. Typhimurium, one -
S. Enteritidis. Among them was S.enteritidis 104, which was later used to create an animal
infectious model.

74.64% of clinical isolates isolated in Armenia were found to be multidrug-resistant, of
which 44 were S. Typhimurium, 5 - S. Enteritidis, 2 - S. Derby, 1 - S. Kentucky, and 1 S.
Newport.

The analysis of the results showed that the highest rate of resistance is observed to Nalidixic
acid (synthetic quinolone) - 68.13%, the rate of resistance to other antibiotics is as follows:
sulfonamide - 61.54%, ampicillin (a Penicillin) - 52.75%, amoxicillin + clavulanic acid -
47.25%, ceftriaxone (a cephalosporin) - 41.76% and ciprofloxacin (a fluoroquinolone) -
14.29%. Significant amounts of isolates (13 strains) showed resistance to fluoroquinolones

and third-generation cephalosporins (11 strains).

Only 9 isolates from strains isolated in Georgia and 5 isolates from strains isolated in
Armenia were found to be sensitive to all antibiotics. None of the isolates were found to be
resistant to all antibiotics used. The maximum number of antibiotics to which they were

found to be isolated was 9, and only four isolates of S. typhimurium isolated in Armenia
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showed such high resistance. (Table Nel)

Table Nel
Antibiotic resistance profiles of non-typhoid Salmonella serotypes

Isolate
Antibiotic resistance Number identification Year of
of Serotype . )
N | Profile MDR? | . mumber isolation [ESBL®
isolates

A) Clinical antibiotic-resistant isolates isolated in Armenia n=53
105t Typhimurium | 2011 +
6451 Typhimurium | 2006 +
678t Typhimurium | 2011 +
1214 Typhimurium | 2013 +
1349 Typhimurium | 2013 +
2324 Typhimurium | 2012 +

1 AAu*CxN 4 12
2503 Typhimurium | 2016 +
2730 Typhimurium | 2013 +
3128 Typhimurium | 2013 +
4216 Typhimurium | 2011 +
8019 Typhimurium | 2012 +
8130 Typhimurium | 2014 +
3017t Typhimurium | 2013 +
3109 Typhimurium | 2013 +

6 31757 Typhimurium | 2016 +

2 AAu*CxCip*N 4
5084 Typhimurium | 2011 +
5703 Typhimurium | 2012 +
5730 Typhimurium | 2012 +
607 Typhimurium | 1996 +
69t Typhimurium | 2006 +

3 ACxN 3 5 6841 Typhimurium | 1996 +
1051 Typhimurium | 2012 +
1726 Typhimurium | 2013 -
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115t Typhimurium | 2011
4 AAu*CxAz*Cip"N 31941 Typhimurium | 2012

3406+ Typhimurium | 2012

1328f Typhimurium | 2013
5 AAuCxCip*N

5943 Typhimurium | 2013

60041 Typhimurium | 2013
6 AAu*CxCip*NT/S

8011t Typhimurium | 2014

46497 Derby 2016
7 CipNSmTcSu

4970f Derby 2016

5064" Typhimurium | 2016
8 SmTcSu

82391 Typhimurium | 2016
9 |AAuCxAzNSmTc*CmT/S 3040* Typhimurium | 2016
10 [AAuCxAzNSm*Tc*CmT/S 3725% Typhimurium | 2016
11 |AAuCxAzCip*NSmTc*CmT/S 32461 Typhimurium | 2016
12 |AAuCxAz*Cip*NSm*TcCmSu 38891 Typhimurium | 2013
13 [AAuCip*NTcCmT/S 17221 Typhimurium | 2013
14 |AAuCxCip*NCmSu 3854 Typhimurium | 2013
15 [AAuCip*"NSmCmT/S 59237 Typhimurium | 2011
16| A*CxNCmTcSu 5962f Typhimurium | 2012
17|  AAu*CxNSu 1320 Typhimurium | 2016
18| AAu*NTc* 2017 Typhimurium | 2013
19| ACxCip'N 5048 Typhimurium | 2011
20| NTcCm 2330 Typhimurium | 2012
21| AAu*CxNT/S 1267 Enteritidis 2011
22| ACip*NT/S 588t Enteritidis 2016
23| ANSm*Cm 60591 Enteritidis 2016
24| A*TcCm 61877 Enteritidis 2016
25| ACx*CipN 72017 Enteritidis 2016
26| AAu*Cip*N 478t Kentucky 2016
27| A*NTm/Su 71877 Newport 2013
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B) Antibiotic-resistant isolates isolated in Georgia, n=3

28| AAu*CxSu 4 1 1047 Enteritidis 2016 -
29| AAu'NCmSu 5 1 3117 Typhimurium | 2016 -
30 AAu*SmT/S 4 1 11507 Typhimurium | 2016 -

Notes: ampicillin (A), amoxicillin+clavulanic acid (Au), azithromycin (Az), ceftriaxone
(Cx), chloramphenicol (Cm), ciprofloxacin (Cip), nalidixic acid (N), sulfonamide (Su),

streptomycin (Sm), tetracycline (Tc), trimethoprim-sulfamethoxazole (T/S).

Isolation and characterizations of bacteriophages used in this study

Isolation of Sa/monellaspecific phages was performed using the bacterial strain enrichment
method 7. Ten ml of 10x concentrated lysogeny broth (LB, Oxoid Limited, Basingstoke, UK)
was pipetted into a 125 mL Erlenmeyer flask, 90 mL of the water/milk sample was added
and the mixture was inoculated with 1 mL of overnight culture of host bacteria. The flask
was incubated for 18 h at 37 C. Then the mixture was centrifuged at 6000x g for 30 min at
4 -C and supernatant was filtered through 0.45 or 0.22 ym filters and tested for the presence
of phages by a spot test on bacterial streaks®. Overnight host bacterial cultures were diluted
in the sterile LB to a final concentration of 107 colony forming units (cfu)/mL and streaks
were made on 2% LB agar plates using a 10 pL loopful of each strain, and air-dried for 10—
15 min. Ten pL of each filtered enrichment sample was applied on each streak. The plates
were incubated at 37 °C for 18 h and phage presence was assessed based on visualization of

clear spots on the bacterial growth?®.

13 bacteriophages were identified and studied, of which 6 phage clones belong to the
Siphoviridae family: - vB_GEC_N3, vB_GEC_N5, vB_GEC_N8, vB_GEC_M4, vB_GEC_M5

and vB_GEC_Hi; The Myoviridae family includes 6 clones: vB_GEC_Mg, vB_GEC_Bs,
vB_GEC_NS7, vB_GEC_7A, vB_GEC_B1 and vB_GEC_B3; And the Podoviridae family has
only one phage - vB_GEC_TR. It should be noted that among the phages used in the study,
only this phage (VvB_GEC_TR) was found to be a lysogenic or moderate phage.

Each phage was examined for morphological (negative colony and virion structure),
biological (for host bacterial spectrum, temperature and pH resistance), and genetic traits.
When annotating phage genomes, special attention was paid to the identification of genes
that indicated the lysogenic nature of phages. For the phage genome sequence the next

generation sequencing technologies were used 1°
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Picture Ne3

Transmission electron micrographs of bacteriophages used in this study

+B_GEC_ Bs

<BGEC N3 ~B_GEC_NS +B_GEC_- N8

+B_GEC_ Hi “B_GEC_ M4 +B_GEC_ MS +B_GEC_ Tr
Comparative characterization of phages

In order to establish the relationship between the phages used in the study, their genomes

were compared, for which we used the program — Geneious (https://www.geneious.com/).

The layout of the phages on the genetic tree is as follows: They show high similarity to each
other and the phages vB-GEC-B1, vB-GEC-B3, vB-GEC-NS7 and vB-GEC-7A are placed
close to the genetic tree, all four of them are members of the family Myoviridae, genus-
Felixounavirus; Phages vB-GEC-N8 and vB-GEC-N5, both are representatives of the family
Siphoviridae and genus -Tequintavirus. vB-GEC-Hi also belongs to Siphoviridae, united in

the genus - Jerseyvirus, phages vB-GEC-M4 and vB-GEC-MS5 are united in the same genus;

Diagram Nel

Phylogenetic tree showing relatedness between phages used in the study
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Thus, in terms of the relatedness, the phages were arranged in several groups:

1. The group of Felixounaviruses- vB-GEC-B1, vB-GEC-7A, vB-GEC-B3, vB-GEC_NS7.
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2. The group Jerseyviruses from the family Siphovoridae - vB-GEC-Hi, vB-GEC-M4 and
vB-GEC-M5.

3. The group of Tequinta viruses (T5 -Tequintavirus) -vB-GEC-N5 and vB-GEC-NS8.

4. Genus - Tequatrovirus (T4 phages)- only one phage is representing this group - vB -GEC
-Mg.

5. Genus Viunaviruses - only one phage is the representative of this genus - vB -GEC -Bs.

6. Podoviridae, genus Lederbergvirus, moderate phage - vB -GEC-TR.

Diagram Ne2
Activity of phages used in the study against to the total number of study strains (239

strains)
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Comparison of the spectrum of action of phages used in the study revealed so-called highly
active phages - vB-GEC-B1, vB-GEC -Bs, vB-GEC-B3, vB-GEC-N3, vB-GEC-NS7, vB-GEC-
N8, the activity of which is defined from 60% to 80%. (Diagram Ne2)

Diagram Ne3
Activity of phages used in the study against different serotypes of the study strains

ve_aec_ay I e

Phage activity
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Interestingly, these phages were found to be more effective against clinical strains (™ 90%)
than strains of veterinary origin (~ 70%). It should be noted that most of these strains which
appeared to be sensitive to phages were characterized by multiple antibiotic-resistant
(MDR) profiles. (Diagram Ne3)
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Activity of phages against clinical and veterinary strains

Activity of phages

N B OY®

o Q O‘5 Q Q
XXX

I

 E—

G S5 & & & & o 2l a2
R R R @ R @l R R R R @ R
Phages
B Clinical strains B Veterinary strains

Conclusions

From the newly isolated Salmonella specific bacteriophages - 6 belongs to the
Myoviridae family - (vB_GEC_B1, vB_GEC_B3, vB_GEC_Mg, vB_GEC_Bs,
vB_GEC_NS7, vB_GEC_7A), 5 — to the Syphoviridae family - vB_GEC_NS5,
vB_GEC_NS, vB_GEC_ Hi, vB_GEC_ M4, vB_GEC_ M5;

e Phages with high activity are as follows - vB-GEC-B1, vB-GEC -Bs, vB-GEC-B3, vB-GEC-
N3, vB-GEC-NS7, vB-GEC-NBS, activity of which was defined as 60% to 80%;

From 12 newly isolated and characterized phages 11 are lytic (virulent) phages and only
one phage - vB_GEC_ Tr appeared to be moderate (lysogenic);

The strains that were susceptible to the phages isolated and characterized by us were
mainly S. typhimurium and S. enteritidis serovars and were largely of clinical origin;
Since all phages show varying degrees of efficacy against;

240 antibiotic-resistant Salmonella strains’.

Since our studies did not reveal any phages to which all strains were resistant and did
not detect any strains to which all phages were inactive, this also indicates the
possibility of using them as prophylactic / therapeutic agents;

Phages are natural and specific antibacterial agents, which can lyse bacteria irrespective
of their AMR status, whilst leaving the commensal microflora unharmed. This is one of
the main advantages of phages in comparison to antibiotics. The phages tested in this
study showed potential for application in phage therapy against MDR Sa/monella

infections.
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B0y obGKGwo Salmonellaspp. -1 L3)30BO3O0 BBIOOMBRIBOL yBeyBs,
85000 Ggliiagans @ 0xMsd0z0 drdgbaoseeols Bogslgds
b50y7)bs 8535€000009, egbg 35390539, bobm MAge083000, bs®o B33Msdg, 3o
Usbozodg, 606s Fsbodgomo
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BLEBHGMSIBH0

33e930L  Bobergddo  dmbs 300b03MMm0, 9Mo-Gogmow®o  Salmonella-b
0BMEsGHJOOL  Asdmymxs  bemdbgmbs  ©@s  Lode@mggwmdo,  BsGods  domo
00963H0530353300 90360MdOMEMY0IM0/3MWEHIMSIOHO 39090V,
LYOMEGH030M900LS O FoBHM035d0 WsDBYMHOL LBbogol ILMMDdE0s 0MboBOE0sDY
©539d690mo AL b3gdBHOmULgm3ool  (MALDI-TOF MS) Lsdwsegdom (White-
Kauffmann-Le Minor scheme). bv)en 259m3e0bs 40 56¢030mEH030609DolE9bEHMd0L
36MHMB00, BsoEsbs3 35 3wobolzMMo FEsdgdolmzol oym @sdsbsliosmgdgwo. 345
Salmonella spp. L535M5MEM OBMEHBHOIL LodMmEMM© 33eg30LM30L YowooMmbs 239
9590, LOJoMM39EMIH, LMTHY0IL WS OMEBEOOWIH.

5060360 30megd300L 9EHedgdol 3sdmygbadom dmbs 13 sbsero d5J@gMoMmzs0lL
3o0mygmazs, dsmo  JguHogers  BOMEWMAO0MMHO S 29693030  oboliosmgdwgdol
dobg30m. BsGHIM©S 12 x3s30L 6993c0gmEH0©IO0 156308 30MMdOL 458083368
565¢00B0, GMIwol Loxgmdzgubgz ImbEs om0 JWsLox03s30s s LLlogmEbwm
3030l 3530L90M9gd0L oYIBs (306ME9gbEHMEMO, DmI0geO).

900900 990093900l 565¢0Bs 563965, OMT 12 3530096 Fbmem ghmo gogos 9.§.
bmdogmo gogo - VB_GEC_TR, 0o 96939036905 mxsbl Podoviridae; g3s00 -
Lederbergvirus. bmem ©sbs®Bgbo 11 8530 3009 gb@mos, dso 396mddo 56 0dbs
656550 WoBMYgbmdols 256353009390 396900. 0lobo 9bsmglinggd0sh m339 3900
3b™do, gbfogaroer s b3sslbgs Bsgm® 36935M5@gdd0 890535 300 9bE™E
239990L. 3009 96EHME 390l dmMol 6 Myoviridae -b cxsbol fo6dmdoygbgeros -
vB_GEC_Bl1, vB_GEC_ B3, vB_GEC_Mg, vB_GEC_ Bs, vB_GEC_NS7, vB_GEC_7A, bmm
5 Syphoviridae -b cmysbol - vB_GEC_N5, vB_GEC_NS8, vB_GEC_ Hi, vB_GEC_ M4,
vB_GEC_ M5. 36535¢c0M03bmgsbo in vitro ¢gbgdol bogmdzgandg oaobs, Hma
vB-GEC-B1, vB-GEC -Bs, vB-GEC-B3, vB-GEC-N3, vB-GEC-NS7, vB-GEC- N8
3505 5dGH0M B939dL 45693933690006 5 Fs00 ImJdggdol L3gdEMo 2obolobgms
60% 56 80 % dqg. 50b0dbm0 5353900 MAOH™ 9539dEHMObO 5©0IMRBHI6 3cobozmEmo
9359900L 30300 (790%), 3000609 39GJO0bsOMWO [omBMIMdOL FEsdgdols dodsGro
(770%). 9&odgdo, MHMIgdoE I3MHIbMOYEMdL 93w9bbgb s©0bodbmEo BoaqdoL
00, doMomosE, S Typhimurium s S  Enteritidis  bg®mgsmgol
90937993690m©b9b s IgBfows 3er0bo3Mo HoMdmBszemdol obwrsm.
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B39bL 309 Bo@oMgdme 33w935Pg ©oYMbmdom, dga30dwos 3533650, ™A
B52900L, OHMAMOF 535 JO0M0/TBTsMG b 9BEGH0dOMEGH030L  SEEgMbsGHOMwo
153 gdoL  459mygbgds IMIZMdOm Mg HBoLEIBEGHWMwo Salmonella 0bggdzogdoL
900500  90Bobdghmbogros s 0dgol  dmdzgdo.  @opgdo  39bgdM030,
3o05L39308030900  5bFH0d5JBHIO0MWOo 5395300,  OMIgme3g  9d3  MbsMo
3bOobMb 35JE 9O YR MHIOL WoDoLO, JoLO s6E0d0MEH03M-MgBoLEHIBEHMdOL
BEAOGMLOL  F0IbEO39.  9F93MMNIMO, 3BEH0BOMEH03900LoY0  9BLbgsz9d0m,
9398900 5653056 BBl 56 5949bgd9b 30F9bLoEI MM FozMMBEMESL. B39bo 33930l
obergddo  Jgbfogerods  @ogqgdds  9b39bgl  derogho  3mGHgbEoswro
39 GHoMgBoLGHIBEGHWwo Salmonella 06339J309d0L (obsswdgy LodMAMZgEs.

15335630 LoEY3900: 05dBHIMOMBOYG00, Loedmbgws, 35JBHIM09d0, 6EH0dOMEH03JdOL
3035Mm0) MH9DoLEBHIBEGHMDS.

Brisenenve u usyuenue 6akrepuodaros, cnenuduassx B orHomeHuu Salmonella spp. C
MHOXXECTBEHHOH JIeKapCTBEHHOM YCTONYHBOCTBIO. M OII€HKA HX Te€PaleBTHIECKOTo

IIOTEHITHAJIa

Xatyna Maxkanatus, Enena Kaka6agse, Huno I'pazenmumsunu, Hata Bakypagze, Jlyka
Canukuaze, Huna Yanumsuinu

Corresponding Author: Xaryna Makasarus, khatuna.makalatia@geomedi.edu.ge
A6cTpaxT

B pamkax ucciaefoBaHUA KIMHUYECKHe HeTU(GOUAHBIE CATBMOHEIBI ObIIM M30IUPOBAHbI
B Apmenmu u I'pysum u wuzeHTHUPUIUPOBAHEI HAa OCHOBE TPAAUIMOHHBIX
Mukpobuonorudeckux MeroioB ¥ MALDI-TOF MS. Dtu u3014ThI OBLIN JOTIOTHUTETBHO
IIpPOaHAJIM3UPOBAHbl IIyTeM cepoTUnupoBaHus (cxema Yaiira-Kaydmana-Jle-Munopa) u
olpeziesIeHbl X MPOQUIN YyBCTBUTEIPHOCTH K IIPOTMBOMUKPOOHBIM IIpenaparaM. Bcero
6su10 npeHTrdUIMpoBaHo 40 mpoduel yCTONYMBOCTA K aHTUOMOTUKAM, U3 KOTOPBIX 35
XapaKTepHBHI i1 KINHUYECKUX IITaMMOB. B KOHEYHOM HUTOTe [jIf Halllero UCCIeJOBaHUS

6511 0TOOpaHb! U3 345 n3oraToB 238 mrammoB u3 I'pysuu, Apmenuu u Mprangum.

Hcnonp3yss WITaMMBI 3TOH KOJUIEKIWM, BBIZIEIEHO 13 HOBBIX OakTeprodaros,
XapaKTepU3yIOIUXCSI OMOIOTNYeCKUMHU U TeHeTHYeCKUMH ocobeHHOCTAMU. Ha ocHOBaHMYM
IIOJTyYeHHBIX JFAHHBIX OBUIM KJIACCHGUIMPOBAHBI (paru U oIpefesleHbl OCOOEHHOCTH UX
KU3HEHHOTO IWKJA (BUPYJIEHTHO-JIUTUYECKUE, YyMepeHHO-JIU30TeHHble). AHamu3
pesyJIbTaTOB  CeKBeHHPOBAaHMA  IIOKa3aja, dYTO TOJBKO oOfuH u3 12 daros,

nneHTuGUINPOBaHHBIX Kak yMepeHHBIH dar (vVB_GEC_TR), mpunazmexur x ceMefCTBY
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Podoviridae, pox-Laderbergvirus. B To Bpems kak apyrue 11 ¢aroB BupyIeHTHBI, OHU
CB3aHBI C XOPOIIO W3BECTHBIMHM M OXapaKTepU30BaHHBIMU (aramu, KOTOpPHIE
HICIIOJIB3YIOTCS B Pa3IMYHBIX (DarOBBIX ITpenapaTax. AHaIN3 UX TeHOMOB He BBIABUJI KaKHUX-
60 TEeHOB, CBA3AHHBIX C ju3oreHuei. Cpeau BUPYJIeHTHHBIX (GaroB 6 NIpUHAIIEXAT K
cemeiictsy Myoviridae (vB_GEC_Bl, vB_GEC_B3, vB_GEC_MG, vB_GEC_BS,
vB_GEC_NS7, vB_GEC_7A) u 5 - K ceMeHCTBy Syphoviridae
(vB_.GEC_N5__ M_G_ G G M_, VvB_GEC N5, vB G GG GM_, vB GEC_N5_
vB_G_G_G_M_, vB_GEC_N5_, Tectrsr in vitro moxa3amu, uro d¢aru vB_GEC_BI,
vB_GEC_BS, vB_GEC_B3, vB_GEC_NS7, vB-GEC-N8 nposBuu BEICOKYIO aKTUBHOCTS (OT
60% mo 80%) B oTHOUIEHMY HCCIeZyeMbIX IITAMMOB. DhIIO mOKa3aHO, 4TO (aru Gojee
5pQeKTUBHBI IIPOTUB KIMHUYeCKHMX WITaMMOB (=90%), 4YeM IPOTHB BeTepHMHAPHBIX
mTaMMOB (=70%). IllTaMMbI, YyBCTBUTEe/NBbHBIe K OSTUM ¢araM, ObBUIM B OCHOBHOM
cepoBapamu S.typhimurium wu S. Enteritidis m B OCHOBHOM HMeIOT KJIMHUYECKOE
npoucxoxgenre. OCHOBBIBAasCh Ha HANIUX UCCIELOBAHUAX, MBI MOXKEM CJleJIaTh BBIBOJ, YTO
npuMeHeHUe $aroB B Ka4eCTBe JOIIOTHUTETBHOIO MHCTPYMEHTA I JledeHNs HHBEeKIInH,
BBI3BIBAEMBIX CaJbBMOHEJIAMM C MHOXX@CTBEHHOM JIEKaPCTBEHHOM YCTOMYMBOCTHIO,
npexcraBiasercs mnpaBpomozobusiM. ®Paru - 3TO mnpHponsHble U crenudUYIecKue
aHTHOAaKTepHaJIbHBIE aTeHTHI, KOTOpble MOTYT JIM3MPOBATh OaKTepHUM HE3aBUCHMO OT HUX
craryca AMR, He moBpexzas NIpu 5TOM KOMMEHCAJIbHYI0 MHUKPOQIIOpYy. DTO OZHO M3
TJIaBHBIX HpeI/IMYH_[eCTB (1)aI‘OB Hepe,/:[ aHTI/I6I/IOTI/IKaMI/I. (I)aI‘I/I, HUCIIBITAHHBIE B DOTOM
WCC/IeJOBAaHUY, IIOKA3aIX IIOTEHUIWAJN [AJjaA IIPUMeHeHus B (ParoBoil Tepanmuu IPOTUB
MH(pEeKIUN, BBI3BIBAEMBIX  CAaJbMOHE/UIAMM C  MHOXXECTBEHHOHM  JIeKapCTBEHHOM

YCTOMYHBOCTBIO.

KmoueBbie cmoBa: GakTepmodaru, CaabMOHEJLIBI, OaKTepWH, YCTOMYMBOCTE K

AHTUOMOTUKAM.
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