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Abstract

Introduction: Medical robotics is a rapidly growing aspect of the modern health care landscape.
The aim of this paper was to review the availability of robotic technology and laboratory

automation in the control of SARS-CoV-2, Ebola and HIN1 (Swine Flu) viruses.

Methods: A systematic review with narrative synthesis was conducted using the following
databases: MEDLINE / PubMed, SCOPUS, Web of Science, Science Direct and Google Scholar
to retrieve studies regarding the use of robots and automated lab technologies, with appropriate
MeSH terms and in accordance with the “Preferred Reporting Items for Systematic reviews and
Meta-Analyses” (PRISMA) guidelines. A narrative synthesis was performed to synthesize the

findings of the different studies.

Results: A total of 250 articles were selected and 30 articles were included in this systematic

review. Our findings indicate that robotic technology and automated laboratories have a
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promising approach, while handling biosafety level — 3 & 4 (BSL-3 & 4) biological agents. In
case of epidemics with high case fatality ratio (Ebola virus) or high human-to-human
transmission (SARS-CoV-2), healthcare workforce are at high risk. Thus, if robots are employed
in such settings, it is possible to minimize intra-hospital transmission of these infections to the

highest degree.

Discussion and Conclusion: Medical robotics and lab automation may be utilized as a strategic
approach in containing the spread of infectious diseases like SARS-CoV-2, Ebola and Swine Flu
Pandemic (HIN1). However, in the next future, many clinical trials and further tests are needed
to determine the effectiveness of this technology, in order to balance advantages and risk factors

involved.

KEY WORDS: Ebola Virus; Human Coronavirus; Infectious Disease Transmission; Lab-On-A-

Chip Devices; Robot-Enhanced Procedures; Robotics.

Riassunto

Introduzione: L'uso dei robot medicali sono oggi in rapida espansione nel campo dell’assistenza
sanitaria. L’obiettivo di questo studio ¢ stato quello di fare una revisione di letteratura sulla
disponibilita della tecnologia robotica e dell’automazione di laboratorio per il controllo della

SARS CoV-2, del virus Ebola e dell’influenza pandemica suina (HIN1).

Metodi: Una revisione degli articoli ¢ stata condotta utilizzando 1 seguenti database:
MEDLINE / PubMed, SCOPUS, Web of Science, ScienceDirect e Google Scholar per reperire

studi sull'uso di robot e di tecnologie automatizzate di laboratorio, con opportuni termini MeSh e
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secondo le line guida per il reporting delle revisioni sistematiche di letteratura PRISMA. Una

sintesi narrativa ¢ stata realizzata per sintetizzare I risultati dei differenti studi.

Risultati: Un totale di 250 articoli e 30 articoli sono stati inclusi in questa revision sistematica di
letteratura. I nostri risultati indicano che la tecnologia robotica ed i laboratori automatizzati
hanno un approccio promettente durante la manipolazione degli agenti infettivi BSL-3 e 4. In
caso di epidemie con alto tasso di letalita (da Ebola) o di alta trasmissione interumana (SARS-
CoV-2), i sanitari sono ad alto rischio. Pertanto, se i robot vengono impiegati in tali situazioni, ¢

possibile minimizzare la trasmissione intra ospedaliera al massimo grado.

Discussione e Conclusione: La robotica medica e I'automazione di laboratorio possono essere
utilizzati come un approccio strategico per contenere la diffusione di malattie infettive
contagiose causate dalla SARS-CoV-2, I’Ebola e I’influenza suina pandemica (HIN1). Tuttavia,
nel prossimo futuro sono necessari molti studi clinici ed alter prove per stabilire 'efficacia di

questa tecnologia, per bilanciare vantaggi e fattori di rischio coinvolti.

TAKE-HOME MESSAGE: Medical robotics and automated laboratories have great potential in
the control of SARS-CoV-2, Ebola and HIN1 (Swine Flu) viruses, but advantages and risk

factors have to be balanced.
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INTRODUCTION

The rise of robotic systems in medicine dates back to 1985 when the ‘PUMA 560’ robotic
surgical arm was used in a delicate neurosurgical biopsy, which proved to be a great success.
They have enormous potential in pharmaceutical manufacturing as they process drugs at a faster
and cost-effective rate. This sort of automation is really a boon to the field of healthcare. Robots
handle test tubes, sort them and provide ease during bioassays. The incidence of human error is
frequent during repeated testing and trials [1, 2]. Robots alleviate incidence of error rates.
Furthermore, there are great risks involved while handling samples. By utilizing laboratory
automation, we can easily perform tasks in hazardous environments where humans cannot work.
Sterility, aseptic handling, health personnel safety, the safety of the community are all assured to
the maximum degree if robotics are employed in biosafety level — 3 & 4 (BSL-3 & 4)

laboratories and during handling of highly infectious patients in the hospitals [3-5].

Infectious diseases are primarily focused on human factors such as human-to-human
transmission and error management. Therefore, many technological developments are attempting
to reduce the human distance involved. The best way to address infectious and contagious
diseases is to totally remove humans out of the equation. SARS-CoV-2, SARS-CoV-1, Ebola,

Marburg and other viruses cause highly contagious diseases that pose a great threat to the entire
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healthcare workforce [6-9]. A new WHO report has made a major finding that health workers are

21 to 32 times more likely to be infected with Ebola than the rest of the population. The
diagnosis of these type of diseases involves an active patient-doctor interaction, which is major

hurdle as doctors are required to monitor the conditions of patients constantly [12, 13, 81].

One solution to this problem is the use of mobile robots and robotic arms. In cases of an
epidemic, they have several advantages over humans such as: 1) Invulnerability to infections; 2)
Usability as a device for self-decontamination; 3) Quick availability in all situations; 4) Usability
as a mediator for communication; and 5) Capability to collect lab specimens, delivering drugs,
disposal of bio hazardous wastes, etc. Laboratory automation on the other hand is a
multidisciplinary strategy that integrates robotics, artificial intelligence (AI), computers and

other technologies [14-16]. Lack of reproducibility is another major crisis during the research of

a drug during an epidemic. This can cause delay in the development of a life-saving drug [17,
18]. In the early 1980’s, Polymerase Chain Reaction (PCR) of DNA was a laborious process. The
thermal cycling had to be done manually by repeatedly transferring samples of DNA in three
baths for denaturation, annealing and extension respectively. In addition to that, the
replenishment of polymerases and enzymes were required constantly [19]. To overcome these
issues, researchers developed a new machine called ‘thermal cycler’. Since then, working with
DNA samples in the laboratory became much easier and quicker. The new generation automation
systems also provide a user friendly interface making it convenient to access the instruments
anytime even from mobile devices or computers. Moreover, the data is also linked to the cloud

interface making it more manageable [20-22]. Many clinical labs worldwide are converting to
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total laboratory automation since it increases profitability. Even haematology and clinical
chemistry tests are completely and automatically analysed [23, 24]. This is why lab automation is
considered as a promising technology to empower labs meeting the needs of researchers [25].
Therefore, the aim of this paper was to systematically review the recent technologies in the field
of medical robotics and lab automation to curb the spread of infectious diseases, focusing our

research specifically on Ebola, SARS-CoV-2 and HIN1 biohazards [26-28].

METHODS

Search strategy and eligibility criteria

A systematic review with narrative synthesis was conducted using the following databases:
MEDLINE / PubMed, SCOPUS, Web of Science, ScienceDirect and Google Scholar to retrieve
studies regarding the use of robots and automated lab technologies. The inclusion criteria for this
review were: (a) not restricted to a particular language but articles written in English and
published in the period 2013 to 2020; (b) accounts of successful trials and experimentations
using robots for surgical procedures; (c) historical accounts and recent outbreaks; (d) data of
recent global automation systems in the market with significant contribution; (e) original and
peer reviewed articles with a systematic approach. Articles were excluded based on the following
criteria: (a) outdated and obsolete data; (b) insufficient or no data; (c) articles that did not have a
proper study or design approach. The following search strategies were considered: 1) the type of
medical robotics; 2) the tasks and procedures involved for each infection considered; 3) types of

lab automation technologies, and 4) infectious diseases (SARS-Cov-2, Ebola and HINI).
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Initially the search was conducted in Google Scholar using relevant MeSH (Medical Subject
Headings) terms such as ‘Robotics’, ‘Robotic-Enhanced Procedures’, ‘Ebolavirus’, ‘Human
Coronavirus’, etc. After, the scope considered was widened to get more in-depth information.
The same search process was applied to other databases. Furthermore, information was also
obtained from grey literature (various websites, news, WHO reports and YouTube videos). The

search was carried out between February 2020 and March 2020.

Data extraction and synthesis

The data extraction in form of a table was used to summarize study results. Two authors (S.K and
K.S) extracted the data regarding author, country, year, study design, and outcomes.
Disagreements were resolved by discussion with a third author (S.A.), who acted as the final
referee. The selected studies that met the pre-defined inclusion/exclusion criteria and were
related to the topic of interest were included in our systematic review. After data extraction, the
literature was discussed with other authors and synthesized into themes. The evaluation of the
single studies was done in accordance with the “Preferred Reporting Items for Systematic
reviews and Meta-Analyses” (PRISMA) guidelines. Meta-analysis was not considered
appropriate for this body of literature because of the wide variability of studies in relation to
research design, study population, and outcomes. Then a narrative synthesis was performed to
synthesize the findings of the different studies. Because of the range of very different studies that
were included in this systematic review, we have decided that a narrative synthesis constitutes
the best instrument to synthesise the findings of the studies. First, a preliminary synthesis was

undertaken in form of a thematic analysis involving searching of studies, listing and presenting
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results in tabular form. Then the results were discussed again and structured into themes.
Afterwards, summarizing of included studies in a narrative synthesis within a framework was

performed by two authors (S.A and H.K).

This framework consisted of the following factors: 1) The severity and infectious nature of the
disease (SARS-CoV-2, Ebola, and HINT); 2) the tools and technology used (medical robots and
lab automated systems); and 3) the accuracy and effectiveness of the device and its practicability.

These themes were discussed considering the patient’s safety [80].

RESULTS

The initial search in the mentioned databases identified 250 records. From this list, 225 articles
were checked for eligibility, and 40 articles were excluded based on our exclusion criteria.
Finally, 30 articles were included in the systematic review and key information was obtained
from them. Figure 1 represents the diagrammatic representation of the PRISMA flow chart. The

key findings of the search are listed in Table 1.



Eligibility Screening Identification

Included

Journal of Health and Social Sciences Advance Publication Online

Published Online May 15,2020 doil0.19204/2020/syst6

The Italian Journal for Interdisciplinary Health and Social Development

Figure 1. PRISMA Flowchart of the review process.
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Table 1. Main findings of the included studies.

Author/ Year of Publication/ Reference

Findings of the Study

Fitzgerald C (2013) [1]

Development of the Baxter research robot and

other practical robot technologies

Roy N et al. (2006) [4]

Effective planning and demonstration of

healthcare robotics during uncertain situations

Zhu N et al. (2020) [6]

Mechanism of pathogenesis of SARS-CoV-2
is discussed using fully automated molecular

techniques.

Li Q etal. (2020) [7]

The early transmission dynamics of SARS-
CoV-2 are analysed with artificial intelligence

(AI) and advanced software programs.

Malvy D et al. (2019) [9]

Epidemiology, manifestation and community
control of the Ebola virus disease are

conducted using artificial intelligence (Al).

Hamet P et al. (2017) [14]

Usage of Artificial Intelligence (Al)

techniques in medicine

Chan K et al. (2016) [23]

Implementation of Polymerase Chain Reaction
(PCR) techniques in the lab for infectious

diseases.

Edmonds O-W et al. (2016) [25]

Importance of cloud computing technologies

to manage medical data and resources.

Hawker CD (2007) [26]

Availability of total and sub-total lab

automation technologies
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Bourbeau PP et al. (2013) [27]

Automated solutions in clinical microbiology

laboratories

Holshue ML et al. (2020) [36]

Case analysis of the first COVID-19 patient in
the USA with automated systems using

artificial intelligence (AI) programs.

Schnitzler SU et al. (2009) [44]

Clinical pathophysiology of the HIN1 virus
with advanced computer software and semi-

automated DNA — hybridization techniques.

Kapoor S et al. (2014) [46]

Prevalence of different influenza viruses in
animals conducted with automated RNA

hybridizartion protocols.

Drese KS (2019) [53]

Recent trends in Lab-On-A-Chip technologies

Craighead H (2006) [54]

Future lab-on-a-chip technologies and

potential implications

Yetisen AK et al. (2013) [58]

Diagnostic devices for highly infectious

diseases

Okamura AM et al. (2010) [59]

Impact of robotic technology in the field of

medicine

Van Der Loos HFM et al. (2016) [60]

Promising rehabilitation for patients using

robots

Ferrigno G et al. (2011) [61]

Development of robotic arm technology

Bellicoso CD et al. (2019) [67]

Articulated robots to support sample

processing
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Hofer M et al. (2020) [68]

Robotic transport systems for handling

infectious agents

Kraft K (2016) [70]

The need of robots for controlling the spread

of infectious diseases

Smith A et al. (2014) [62]

The future of Artificial Intelligence and

robotics

Macfarlane JT et al. (2005) [50]

Pathogenetic study of Bird flu and other
related influenza viruses with automated

molecular techniques

Fraser C et al. (2009) [48]

The possible potentiality of the Influenza
Virus (HINT1) to become a pandemic using
semi-automated artificial intelligence (AI)

techniques.

Nishiura et al. (2020) [29]

The extent of transmission of SARS-CoV-2
virus from human-to-human employing partial

automated RT-PCR molecular technique.

Rhoads DD et al. (2014) [28]

Revolutionary bio-informatic techniques that

could be utilized in clinical laboratories

Rédei GP (2008) [22]

Usage and process involved in thermal cyclers

Lexcellent C (2019) [17]

Control and management of infectious

diseases
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Robotics in controlling COVID-19 (Novel Coronavirus) outbreak in China

Since the first confirmed case at the end of December 2019 in Wuhan, China, COVID-19 has
caused a worldwide public health emergency. According to the WHQO’s situation report, as of
February 19, 2020, globally there were 75,204 confirmed cases of which 74,280 in China with
2006 deaths. On March 11, 2020, WHO has declared the COVID 19 outbreak as a pandemic, as
more than 25 countries have been affected including the Hubei Province in China, that was the
most severely hit by this virus [29, 30]. In general, infectious diseases that spread through
respiratory mode of transmission has a very high transmissibility when compared to other modes.
This factor was the primary way of transmission in China, probably due to its high density of
population [31]. The established mode of spread of COVID-19 is through aerosols or respiratory
droplets which is in generally difficult to contain [32]. Chinese health care workers are currently
using conventional techniques like setting up isolation wards of infected patients / quarantine
methods, aseptic handling, sterile suits, masks, gloves, goggles, air showers, etc. [33]. But since
these facilities are employed by health care staffs manually, the risk of autoinfection is very high,
as well as contamination and leaking of pathogen. It was reported that many healthcare staffs
including physicians who treated COVID-19 patients have died despite using personal protective
equipment and other precautions [34]. Researchers have speculated that even the masks, goggles
and sterile medical costumes are capable of transmitting pathogens. So, these manual techniques
have no full proof to prevent the spread of COVID-19 infection [35]. Robotics or use of Lab
Automated technologies may play a crucial role to overcome these issues. Indeed, the medical
technology industry could provide a solution to contain the spreading of this virus. One way is to

use robots as telehealth machines in isolation wards for monitoring the vital parameters of the
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patient 24h/24h. A 30-year-old man, who reportedly was the first case of Coronavirus in the US

is being treated this way in Providence Regional Medical Centre in Everett, Washington with the

aid of robots (Figure 2). [82]

Figure 2. Robot performing surgery (Courtesy: SRI-led Trauma Pod, developed for DARPA).

Inside the room, the patient was being constantly monitored by a robot (InTouch Vici telehealth
machine) equipped with a stethoscope, which took his vital parameters and allowed doctors to
communicate with him through a large screen. This minimized the health workers exposure to

the biohazard. [37].

Baxter research robots — Providing support for Ebola Haemorrhagic Fever

Ebola haemorrhagic fever caused a huge mortality in West Africa especially during 2014 to
2016. This virus has affected thousands of people in Africa, especially in Sierra Leone, Guinea
and Liberia [38, 39]. More than 15,500 deaths have occurred due to Ebola haemorrhagic fever
from 1976 to 2016. In the year 2019, around 2,500 cases alone have been reported in The
Democratic Republic of Congo [40]. The Ebola virus causes a severe haemorrhagic fever and has

a fatality rate of around 50%. This virus can spread through aerosol, nasal secretion, saliva,
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blood, sweat, tears and almost through all body fluids, making this virus highly contagious.
Moreover, the infected body fluids harbours enormous virions when compared to other viral
diseases. It is estimated that around 0.01 Plaque Forming Unit (PFU) of Ebola virus is capable of
causing 100% lethal infection. Considering the prevalence of this virus in remote areas of West
Africa without proper health care facilities, containment through manual health care management
of the affected patients is very difficult. In this case, we could employ robotic technology to
minimise the infection among healthcare workers and in remote areas of Africa where the
healthcare facilities are limited [41, 42]. The Baxter Research Robot is one such revolutionary
robot that has been introduced by researchers in Worcester Polytechnic Institute (WPI) in
Massachusetts (Figure 3). It helps in functioning as a lab assistant helping Ebola workers with
sample handling processes to reduce the risk of contamination. It further provides the perfect
backdrop for the workers and researchers to help figure out the problems faced by the outbreaks

and ones that are bound to happen in future [43].

Figure 3. Articulating medical robot handling infectious samples (Courtesy: ABB - Kurtz ersa —

Ersa ROBOPLACE).
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Lab automation technologies for the detection of HINI strains

The Swine flu pandemic (HIN1) occurred in the year 2019 and caused more than 18,000 deaths
around the world. The infection originated from Mexico where pigs were found to be major
reservoir [44]. It is noteworthy that every year around 500 million people are affected by
influenza type A virus. Avian influenza viruses are adapted to birds and can be transmitted from
them. Human-to human transmissibility of these influenza virus strains is highly possible. From
the year 1996 to 2017, thousands of cases were reported due to bird flu (H5N1) in many parts of
the world [45]. Influenza virus type A that cause swine flu and bird flu can undergo genetic
reassortment resulting in antigenic shift and antigenic drift. So, it is difficult to understand the
morphology of this virus. This results in development of several new sub types of influenza type
A virus strains [46, 47]. Due to this reason there is inability to develop effective vaccine or
treatment protocol for influenza type A virus infections. In addition, for swine flu and bird flu
there are so many animals and bird reservoirs. For controlling and management of patients, the
use of conventional health care strategies may not be effective [48-52]. The Lab-on-a-Chip
Technology (LOC) is a recent advancement in the field of automation laboratories [53]. It is a
very small device which integrates all lab processes in a single chip, functioning as an integrated
chip. It effectively performs a multitude of complex tasks such as nucleic acid amplification and
detection, immunoassays, etc., within the chip at a lower cost [54]. This technology is very
useful in the detection of the HIN1 strains. The VereFlu™ Lab-on-Chip Technology is able to
specifically detect the HIN1 strain among all the known human flu virus strains. This chip was

tested successfully on the clinical samples during the Swine Flu Pandemic in Mexico in the year
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2009 [55-58]. The global lab automation technologies in the market with significant contribution

are listed below in Table 2.

Table 2. Global lab automation systems in the market with significant contribution.

Lab Automation System Manufacturing Country Specialized Technology

Diagnostic medical devices,
Abbott USA Analyzer Management

Systems (AlinlQ)

Biopharma research,
Agilent Technologies, Inc.,  USA Quickprobe technology for

analysing forensic samples

In vitro diagnostic solutions
for identifying pathogens,
BioMeérieux SA France Embedded automated

systems (VITEK 2)

Imaging and microscopy,
BioTek Instruments, Inc., USA liquid handling and

automation systems

Digital Labs

Dassault Systemes France (3DEXPERIENCE)
Digitalized IoT based lab

SIEMENS AG Germany automation technologies
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Thermo Fisher Scientific

Beckman Coulter Inc.,

Hoffmann-La Roche AG

COPAN Diagnostics Inc.,

Qiagen N.V,,

Hitachi High-Technologies

Corporation

USA

USA

Switzerland

Italy

Netherlands

Japan

Lab automated incubators
(Cytomat 10 C450), Bench
Automation, Liquid
Handling and Dispensing

(Multidrop Combi Reagent)

Total lab automation

Systems (DxA 5000)

Pharmaceutical and

diagnostic systems

Sample collection and
transport systems, total lab

automation, Al systems

LDT Protocols for
emergency use (CDC 2019-
nCOV rRT-PCR, Berlin
Charite’, Chinese and NIID

Japan)

Clinical Analysers,
Automated Centrifugers,

Partitioners, etc.
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Application of robotics in sample collection

Safety during the sample collection is very important especially for laboratory personnel working
in biosafety containment levels 3 and 4 (BSL-3 & 4) laboratories. Potential infectious agents like
SARS-CoV2, Ebola virus, Marburg virus, SARS-CoV-1 may be encountered by the laboratory
technologists during the sample collection. These pathogens may be present in patient’s blood,
urine, feces, cerebrospinal fluid (CSF), pus, synovial fluid and other body fluids. During the
collection laboratory, healthcare staffs should take utmost care and precaution in order not to
infect themselves or others or accidentally spread outside the laboratory into the community.
Artificial intelligence (AI) or robotic technology can be employed as an alternative to manual,
routine collection procedures. This will certainly void the chance of accidental contamination or
leaking of infectious agents out of the containment facilities. Most widely used tools for
collection of samples include robotic arm, hand automated robots, cartesian robots, cylindrical
robots and jointed robots [59]. Cartesian robots are available in various forms like Biomek
station (Beckman Instruments, Brea, CA), Biomek hybrid station and Tecan sampler 505 (Tecan
AG, Hambrechtikon, Switzerland). Examples for cylindrical robots include Zymate robot
(Zymark Corp., Boston, MA), Micrabank (Dynatech Laboratories, Chantilly, VA). Cleveland
Clinic Foundation (CCF) employs cylindrical robots for wide array of laboratories. There is a
hybrid cylindrical robot with Zymate robot and Cobas Bio rotar (Roche Diagnostics, Nutley, NJ).
Fully automated Zymate robot systems are available in Vancouver General Hospital and many
blood banks in China. Articulating robots are multifaceted laboratory robots employed for
sample processing and blood banking laboratories. An example for articulating sample

processing robots is from Cyberfluor Inc. (Toronto, Ontario, Canada). Later there is a
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modification of articulating robots with centrifuging capacity (Flow Laboratories, McLean, VA)

[60].

Automated guided transportation for sample handling

There are autonomous and semi-autonomous ‘automated guided vehicles’ that can move around
hospital or laboratory corridor. These automated guided vehicles can pick up the sample and are
able to transport them to sample analytical section of the laboratory precisely. Fully autonomous
robots using programmable software can perform specimen container handling, sample labelling,
centrifuging of samples and sample testing. Only one laboratory in China, the Wuhan National
Biosafety Laboratory (Chinese Academy of Sciences) has provision for autonomous, automated
guided systems that can handle infectious patients [61, 62]. This system is completely
programmed for various multiplicity of tasks in sample analysis very accurately equivalent to
human skills. Automated culture systems are available for BSL-3 and BSL-4 pathogens. These
autonomous systems are capable of specimen handling, incubation, maintaining suitable
temperature, providing humidity with required COz [63, 64]. These robotic systems are capable
of eliminating contaminants if present in the system. Transbotics, Eckhart, Savant Automation,
Inc., etc. are leading autonomous guided vehicle transportation systems available in the market
(Table 2) [65].

Low-cost articulated robotic arm for spillage avoidance

Flexible lab automation systems provide adaptability as well as provide special applications in
bio chemical analysis. A low-cost articulated robotic arm designed to avoid spillage is an

innovative tool for this approach. The signals from an inertial measurement unit (IMU) and
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accelerometer were able to sense collisions. This appliance could detect the location of an

obstacle and the possibility of collision. The cost-effectiveness of the IMU makes it easier to

integrate it into robotic arms and alleviate risk factors. It thus limits human intervention during

sudden outbreaks [66]. The TX40 Stericlean (Staubli Robotics) operates in Grade A environment

for lab testing. It also carries out the decontamination process in various laboratories. The JACO

Assistive Pick and Place Robotic Arm helps in assistive feeding for patients affected by disorders

like muscular dystrophy, fractures, etc. [67]. A summary of the different robotic technologies

discussed is given below in Table 3.

Table 3. Summary of different robotic technologies utilized in laboratories.

Robots

Fever

Type of Robotic Manufacturers Infections diseases for Task and Procedure
Technology which it is used involved
Telehealth Machines | InTouch Health Highly contagious Monitoring vitals of
involving robots (InTouch Vici), diseases like Ebola, the person and allow
eVisit, Inc. SARS, HINI, etc. indirect patient-doctor
contact.
Research Robots Baxter Research Ebola Haemorrhagic Sample Handling,

Backdrop for workers

and researchers.




Journal of Health and Social Sciences Advance Publication Online
Published Online May 15,2020 doil0.19204/2020/syst6

The Italian Journal for Interdisciplinary Health and Social Development

Cartesian Robots

Biomek station
(Beckman
Instruments, Brea,
CA), Biomek hybrid
station and Tecan
sampler 505 (Tecan

AG, Hambrechtikon,

SARS, Ebola,
Marburg, HIN1 and

other viruses

Sample collection,
handling,

centrifuging, etc.

Switzerland).

Cylindrical Robots | Zymate robot Employed in handling | Wide array of

and Articulating (Zymark Corp., of many infectious laboratory

Robots Boston, MA), agents in general. technologies, blood
Micrabank banks, centrifugers,
(Dynatech etc.
Laboratories,
Chantilly, VA),
Cyberfluor Inc.

Autonomous Guided | Transbotics, Handling highly Specimen container

Vehicles

Eckhart, Savant
Automation, Inc.,

etc.

infectious BSL-3 & 4

pathogens.

handling, sample
labelling, centrifuging
of samples and

sample testing.
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Articulated Robotic | TX40 Stericlean Handling BSL-3 & 4 | Spillage avoidance,
Arms (Staubli Robotics), | infectious pathogens in | obstacle detection and
JACO Assistive Pick | general. preventing collision,
and Place Robotic assistive feeding.
Arm, etc.
DISCUSSION

Current scenario in the use of robotics for control of infectious diseases

In the present circumstances, robotics or artificial intelligence technologies are not widely
employed for handling of highly infectious agents. Some countries like United States of
America, China, Germany, France and United Kingdom are trying to step into this approach for
the control of infectious diseases. The application of robotics in biothreat situation is in
preliminary levels and needs full utilization. There are some automated laboratory technologies
available for diagnosis of infectious diseases [68]. They include robot assisted liquid handling
system (LHS), aseptic pipetting robot, laboratory automated work station, sterile acoustic liquid
handling, automated mortar grinder, automated incubators, etc. Artificial Intelligence and
integrated robotic technologies selectively planned for automation of laboratory assignment are
currently accessible in the market. These are furnished with computers, necessary software and
diagnostic hardware component. This approach may herald a new age in the handling of
infectious patients and clinical specimens [69]. Automated systems assisted with robotics are

widely utilized in biosafety level 3 and 4 (BSL-3 & 4) currently.
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Recent trend towards automation in clinical microbiology laboratories

Lab automation could be the next big dramatic sweep in integrating automation with clinical
microbiology laboratories. This is why we believe this technology could be the next
revolutionary change. However, many testing and studies need to be performed in order to assess
the efficacy and benefits of automated technologies. Many laboratories have little or no
automation while handling samples with exception of developed nations such as USA, Europe,
Australia and a few of the Asian countries [70]. Only fewer nations have implemented Total
Automation Systems (TLA) in their laboratories. Though there are few impediments involved,
we believe that this global change is bound to happen considering the new and changing needs of
researchers. As the need of improved quality of testing and growing shortages of trained
healthcare personnel is increasing, more technological innovations such as liquid based swab

transport systems, mass spectrometry, 24/7 microbiology laboratory, etc. are required [71].

Challenges being faced currently in laboratories

» Increasing changes in the industry: As we progress through each year, the advent of
infectious, challenging diseases is also increasing. Testing volumes are also increasing,
considering the aging population. Many micro-organisms are becoming increasingly drug
resistant and have tendencies for mutations. Time is a major drawback while awaiting the

test results and thereby causing unnecessary time delay [72].

= Shortages in healthcare personnel: There is a current global shortage of trained lab

technologists. This is a major hurdle. Fewer students are choosing medical careers than
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they did few decades ago. The pay scale for medical personnel is also high when

compared to other fields [73].

»  Quality issues: Increased turnaround time is required for assays performed with
infectious pathogens. The quality of the testing is also a major factor involved while

performing various assays.

» Increased costs, complexity and volume: As more and more revolutionary technologies
are being introduced, the operating and maintenance costs are also rapidly increasing.

These instruments also increase in their complexity and volume [74].

Scope and shortcomings of robotics in medicine and modern healthcare

The opportunities of robotics in medicine is endless. From increasing productivity, ability of
preciseness, speeding up patient recovery to increased sterilization, robots can yield high
effectiveness in difficult situations. Even human hands are incapable of steadiness and have
limitations such as size, errors, etc. Robotics are employed in all fields of healthcare such as
surgery, oncological treatment, prosthetics, rehabilitation and in the field of psychology to

diagnose various conditions such as dementia, etc. (Figure 2) [75].

Though robotics and automated systems provide promising solutions in modern healthcare, a
major concern is about their cost-effectiveness. A huge challenge faced by scientists during the
invention and testing of products is that they have to make sure they are genuinely approved by
Food and Drug Administration and more reliable than human hands. Another issue is getting the

society to trust these machines. Many people still feel hesitant to let something new into their
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bodies. Furthermore, stricter regulations are imposed for robotics making it questionable if they
are truly necessary [76].

For example, the Da Vinci Robot took more than a decade to be accepted by the legislations.
Some surgeries performed by robots also led to post-surgical complications. The first surgical
systems, ROBODOC performed hip replacement surgeries. But studies have shown various
complications arising after surgery and unfamiliarity among doctors in the operating procedure
of the machines [77].

Robotics and lab automation systems also have various limitations. The field of clinical
microbiology in general is too complex for automation in comparison with normal chemical and
hematology tests. In clinical microbiology we have to deal with highly infectious body fluids like
blood, pus, tissues, etc. Total lab automated systems also require huge space and normal
laboratories have an average working size. The variation in the processes in which these
specimens are handled is also complex. Still many scientists and researchers believe that it is
difficult to replace a human in a microbiological laboratory as machines lack basic critical
thinking skills.

Strengths and limitations of the review

This systematic review with narrative synthesis briefly discusses the current revolutionary
technology in the field of robotics and lab automation. This review also emphasizes the
importance of this field to researchers and scientists working with highly infectious agents and
ways to handle the situation of a pandemic. For instance, it particularly highlights the importance
of liquid-based transportation systems in clinical microbiological laboratories rather than

conventional ones. There are two major limitations in this study that could be addressed in future
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research. First, the study focused on changing technologies, meaning that many advances could
take place in the field of robotics considering the prevalence of more deadly diseases in future.
Secondly, researchers should bear in mind that the human mind and creativity cannot be
compared to Artificial Intelligence. So extensive trials and tests need to be performed before
usage [78].

Implications for policy makers

For lab automation and medical robotics to be successful, they need to be flexible and adaptable
to the changes in specimens and samples. The diversity of manufacturing instruments needs to be
embraced. For example, a laboratory may choose a particular vendor which best fits their needs
when compared to other vendors. It should also be productive and facilitate easy decision
making by eliminating unnecessary activities. The field of clinical microbiology should also
move towards liquid-based transportation systems by replacing traditional culturing systems
[79].

CONCLUSION

The field of robotics and lab automation is like two sides of a coin. If utilized properly it has the
potential to save numerous lives. On the other hand, a small error could also cause a life-
threatening situation. In the past, many researchers faced problems while culturing highly
infectious Class 3 and 4 pathogens. Robotics or artificial intelligence provide ample solutions to
overcome these issues. They can perform a multitude of tasks in a short span of time. The
samples are automatically thoroughly disinfected/discarded after each use and
exposure. Therefore, it lies in the hands of the researchers whether as to develop this technology

into the next big revolutionary change in the field of modern healthcare.



Journal of Health and Social Sciences Advance Publication Online
Published Online May 15,2020 doil0.19204/2020/syst6
The Italian Journal for Interdisciplinary Health and Social Development

References

. Fitzgerald C. Developing baxter. In: IEEE Conference on Technologies for Practical
Robot Applications. Woburn, Massachusetts: TEPRA; 2013.

Cremer S, Mastromoro L, Popa DO. On the performance of the Baxter research robot. In:
2016 IEEE International Symposium on Assembly and Manufacturing, Texas, USA:
ISAM; 2016.

. Franchi G, Ten Pas A, Platt R, Panzieri S. The Baxter Easyhand: A robot hand that costs
$150 US in parts. In: IEEE International Conference on Intelligent Robots and Systems;
Hamburg, Germany; 2015.

. Roy N, Gordon G, Thrun S. Planning under uncertainty for reliable health care robotics.
In Field and Service Robotics. Berlin, Heidelberg: Springer; 2003, 417-426.

Chow DL, Xu P, Tuna E, Huang S, Cavusoglu MC, Newman W. Supervisory control of a
DaVinci surgical robot. In: 2017 IEEE/RSJ International Conference on Intelligent
Robots and Systems (IROS), Vancouver, Canada, IEEE, 2017, 5043-5049.

. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J. A Novel Coronavirus from Patients
with Pneumonia in China, 2019. N Engl J Med. 2020 Feb 20; 382(8):727-733. DOI:
10.1056/NEJM0a2001017.

. L1 Q, Guan X, Wu P, Wang X, Zhou L, Tong Y. Early Transmission Dynamics in Wuhan,
China, of Novel Coronavirus—Infected Pneumonia. N Engl J Med. 2020 Mar 26; 382(13):

1199-1207. DOI: 10.1056/NEJM0a2001316.

Gralinski LE, Menachery VD. Return of the Coronavirus: 2019-nCoV. Viruses. 2020;



10.

I1.

12.

13.

14.

15.

16.

17.

Journal of Health and Social Sciences Advance Publication Online
Published Online May 15,2020 doil0.19204/2020/syst6
The Italian Journal for Interdisciplinary Health and Social Development

12:1-8.

Malvy D, McElroy AK, de Clerck H, Giinther S, van Griensven J. Ebola virus disease.
Lancet. 2019;393:936-948.

Judson S, Prescott J, Munster V. Understanding Ebola virus transmission. Viruses.
2015;7:511-521.

Rougeron V, Feldmann H, Grard G, Becker S, Leroy EM. Ebola and Marburg
haemorrhagic fever. J Clin Virol. 2015;64:111-119.

WHO. Health worker Ebola infections in Guinea, Liberia and Sierra Leone. World Health
Organisation - A Preliminary Report; 2015. [cited 2020 April 05]. Available From: https://

www.who.int/csr/resources/publications/ebola/health-worker-infections/en/.

Ruberton PM, Huynh HP, Miller TA, Kruse E, Chancellor J, Lyubomirsky S. The
relationship between physician humility, physician—patient communication, and patient

health. Patient Educ Couns. 2016;99:1138-1145.

Hamet P, Tremblay J. Artificial intelligence in medicine. Metabolism. 2017;69:36-40.
Karabegovi¢ I, Dolec¢ek V. Mobile Robotics. In: Detecting and Mitigating Robotic Cyber
Security Risks. Kumar R, Pattnaik PK, Pandey P(Ist Edition) 2017; DOI:
10.4018/978-1-5225-2154-9.ch01.

McCabe J, Monkiewicz M, Holcomb J, Pundik S, Daly JJ. Comparison of robotics,
functional electrical stimulation, and motor learning methods for treatment of persistent
upper extremity dysfunction after stroke: A randomized controlled trial. Arch Phys Med

Rehabil. 2015;96:981-990.

Lexcellent C. Artificial Intelligence. In: Artificial Intelligence versus Human


https://www.who.int/csr/resources/publications/ebola/health-worker-infections/en/
https://www.who.int/csr/resources/publications/ebola/health-worker-infections/en/

18.

19.

20.

21.

22.

23.

24.

25.

26.

Journal of Health and Social Sciences Advance Publication Online
Published Online May 15,2020 doil0.19204/2020/syst6
The Italian Journal for Interdisciplinary Health and Social Development

Intelligence. SpringerBriefs in Applied Sciences and Technology. Cham; Springer;

2019;65-66.

Suckow MA, Stevens KA, Wilson RP (Eds.). The laboratory rabbit, guinea pig, hamster,
and other rodents. Amsterdam: Elsevier Academic Press; 2012.

U.G. PCR protocols — A guide to methods and applications. Trends Biochem Sci.
1990;15(10):405-406.

Grunenwald H. Optimization of Polymerase Chain Reactions. In: Bartlett J.M.S.,
Stirling D. (eds) PCR Protocols. Methods in Molecular Biology™, vol 226. Humana
Press; 2003.

Henegariu O. Troubleshooting for PCR and multiplex PCR. Yale: Yale University; 1997.
Rédei GP. Thermal Cycler. In: Encyclopedia of Genetics, Genomics, Proteomics and
Informatics (3t Edition). Netherlands: Springer; 2008.

Chan K, Wong P-Y, Yu P, Hardick J, Wong K-Y, Wilson SA, et al. A Rapid and Low-Cost
PCR Thermal Cycler for Infectious Disease Diagnostics. PLoS ONE. 2016;11(2).

Zhang YS, Aleman J, Shin SR, Kilic T, Kim D, Shaegh SAM. Multisensor-integrated
organs-on-chips platform for automated and continual in situ monitoring of organoid
behaviors. Proc Natl Acad Sci. 2017;114(12):E2293-E2302. doi: 10.1073/pnas.
1612906114. Epub 2017 Mar 6.

Edmonds O-W, Papaspyrou A, Metsch T. Open Cloud Computing Interface-Core.
Update. 2016. Open Grid Forum.

Hawker CD. Laboratory Automation: Total and Subtotal. Clin Lab Med. 2007 Dec;27(4):

749-770, vi. doi: 10.1016/5.c11.2007.07.010.



27.

28.

29.

30.

31.

32.

33.

34.

35.

Journal of Health and Social Sciences Advance Publication Online
Published Online May 15,2020 doil0.19204/2020/syst6
The Italian Journal for Interdisciplinary Health and Social Development

Bourbeau PP, Ledeboer NA. Automation in clinical microbiology. J Clin Microbiol.
2013;1(6):1658-1665.
Rhoads DD, Sintchenko V, Rauch CA, Pantanowitz L. Clinical microbiology informatics.

Clin Microbiol Rev. 2014;27(4):1025-1047.

Nishiura J, Linton K, Yang H. The Extent of Transmission of Novel Coronavirus in
Wuhan, China. J Clin Med. 2020;9(2):330.

World Health Organization. Novel Coronavirus (2019-nCoV): Situation report, 17-
Erratum. World Health Organization; 2020. [cited 2020 April 05]. Available from: https://

apps.who.int/iris/handle/10665/330826

Munster VJ, Koopmans M, van Doremalen N, van Riel D, de Wit E. A Novel
Coronavirus Emerging in China — Key Questions for Impact Assessment. N Engl J Med.
2020;382(8):692-694.

Chan JFW, Yuan S, Kok KH, To KKW, Chu H, Yang J. A familial cluster of pneumonia
associated with the 2019 novel coronavirus indicating person-to-person transmission: a
study of a family cluster. Lancet. 2020;395(10223):514-523.

Wu JT, Leung K, Leung GM. Nowecasting and forecasting the potential domestic and
international spread of the 2019-nCoV outbreak originating in Wuhan, China: a
modelling study. Lancet. 2020;395(10225):689-697.

Du Z, Wang L, Cauchemez S, Xu X, Wang X, Cowling BJ. Risk of 2019 novel

coronavirus importations throughout China prior to the Wuhan. medRxiv. 2020;

DOI: https://doi.org/10.1101/2020.01.28.20019299.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y. Clinical features of patients infected with


https://apps.who.int/iris/handle/10665/330826
https://apps.who.int/iris/handle/10665/330826
https://doi.org/10.1101/2020.01.28.20019299

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Journal of Health and Social Sciences Advance Publication Online
Published Online May 15,2020 doil0.19204/2020/syst6
The Italian Journal for Interdisciplinary Health and Social Development

2019 novel coronavirus in Wuhan, China. Lancet. 2020;395(10233):497-506.

Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H. First Case of 2019
Novel Coronavirus in the United States. N Engl J Med. 2020; 382(10): 929-936.
Feldmann H, Geisbert TW. Ebola haemorrhagic fever. Lancet. 2011;377(9768):849-862.
Fhogartaigh CN, Aarons E. Viral haemorrhagic fever. Clin Med J R Coll Physicians
London. 2015;15(1):61-66.

World Health Organization. WHO | Ebola outbreak 2014-2015. WHO; 2018. Available

from: https://www.who.int/news-room/fact-sheets/detail/ebola-virus-disease

Bagcchi S. Ebola haemorrhagic fever in west Africa. Lancet Infect Dis. 2014; 14(5):375.
Centers for Disease Control and Prevention (CDC). Ebola Virus Disease - Fact Sheet. In:
Department of Health and Human Services USA. 2015 [cited 2020 April 05]. Available

from: https://www.cdc.gov/vhf/ebola/index.html.

Colebunders R, Borchert M. Ebola haemorrhagic fever - A review. J Infection. 2000.
40(1):16-20.

JuZ, Yang C, Li Z, Cheng L, Ma H. Teleoperation of humanoid baxter robot using haptic
feedback. In: Processing of 2014 International Conference on Multisensor Fusion and
Information Integration for Intelligent Systems, Beijing, China. MFI; 2014.

Schnitzler SU, Schnitzler P. An update on swine-origin influenza virus A/HIN1: a review.
Virus Genes. 2009;39(3):279-292.

Sebastian MR, Lodha R, Kabra SK. Swine origin influenza (swine flu). Indian J Pediatr.
2009; 76(8):833. https://doi.org/10.1007/s12098-009-0170-6.

Kapoor S, Dhama K. Insight into influenza viruses of animals and humans. Springer


https://www.who.int/news-room/fact-sheets/detail/ebola-virus-disease
https://www.cdc.gov/vhf/ebola/index.html

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Journal of Health and Social Sciences Advance Publication Online
Published Online May 15,2020 doil0.19204/2020/syst6
The Italian Journal for Interdisciplinary Health and Social Development

Science & Business Media; 2014, pp. 163-216.

Salomon R, Webster RG. The influenza virus enigma. Cell. 2009 Feb 6;136(3):402—410.
Fraser C, Donnelly CA, Cauchemez S, Hanage WP, Van Kerkhove MD, Hollingsworth
TD, et al. Pandemic potential of a strain of influenza A (HIN1): early findings. Science.
2009; 324(5934):1557-1561.

Lycett SJ, Duchatel F, Digard P. A brief history of bird flu. Philosophical Transactions of
the Royal Society B. 2019; 374(1775):20180257.

Macfarlane JT, Lim WS. Bird flu and pandemic flu. (2005):975-976.

Yen HL, Peiris JS. Bird flu in mammals. Nature. 2012 Jun; 486(7403):332—-333.

Li C, Bu Z, Chen H. Avian influenza vaccines against HSN1 ‘bird flu’. Trends in

biotechnology. 2014 Mar 1; 32(3):147-156.

Drese KS. Lab on a Chip. Wien Klin Mag. 2019;22:172—177. https://doi.org/10.1007/

s00740-019-0286-x.

Craighead H. Future lab-on-a-chip technologies for interrogating individual molecules.
In: Nanoscience and Technology: A Collection of Reviews from Nature Journals 2010:
330-336.

Coupland P, Batchelor M, Convine N, Davies K, Farrington K, Howes L, et al. Lab on a
chip lab on a chip. Lab on a Chip. 2010; 207890:531-540.

Neuzil P, Giselbrecht S, Lénge K, Huang TJ, Manz A. Revisiting lab-on-a-chip
technology for drug discovery. Nature reviews Drug discovery. 2012 Aug; 11(8):620—
632.

Napoli M, Eijkel JC, Pennathur S. Nanofluidic technology for biomolecule applications:


https://doi.org/10.1007/s00740-019-0286-x
https://doi.org/10.1007/s00740-019-0286-x

38.

59.

60.

61.

62.

63.

64.

65.

66.

Journal of Health and Social Sciences Advance Publication Online
Published Online May 15,2020 doil0.19204/2020/syst6
The Italian Journal for Interdisciplinary Health and Social Development

a critical review. Lab on a Chip. 2010; 10(8):957-985.

Yetisen AK, Akram MS, Lowe CR. based microfluidic point-of-care diagnostic devices.
Lab on a Chip. 2013; 13(12):2210-2251.

Okamura AM, Mataric MJ, Christensen HI, Gilpin K, Rus D, Michael N, et al. 26
Medical and Health-Care Robotics. IEEE Robotics & Automation Magazine; 2010:1.

Van der Loos HM, Reinkensmeyer DJ, Guglielmelli E. Rehabilitation and health care
robotics. InSpringer handbook of robotics. Cham: Springer; 2016, 1685—1728.

Ferrigno G, Baroni G, Casolo F, De Momi E, Gini G, Matteucci M, et al. Medical
robotics. IEEE pulse. 2011 Jun 2; 2(3):55-61.

Smith A, Anderson J. Al, robotics, and the future of jobs, Future of the internet, Pew
Research Center, Washington; 2014 [cited 2020 April 05]. Available from: http://

www.pewinternet.org/files/2014/08/Future-of-Al-Robotics-and-Jobs.pdf.

Cresswell K, Cunningham-BS, Sheikh A. Health Care Robotics: Qualitative Exploration
of Key Challenges and Future Directions. J] Med Internet Res. 2018; 20(7): €10410.

DOI: 10.2196/10410.

Archibald MM, Barnard A. Futurism in nursing: Technology, robotics and the
fundamentals of care. J Clin Nurs. 2018; 27:2473-2480.

Bicchi A, Buss M, Ernst MO, Peer A. Introduction. In: Bicchi A., Buss M., Ernst
M.O., Peer A. (Eds) The Sense of Touch and its Rendering. Springer Tracts in
Advanced Robotics, vol 45. Berlin, Heidelberg: Springer; 2008.

Li X, LuJ, Hu S, Cheng KK, De Maeseneer J, Meng Q. The primary health-care system

in China. Lancet. 2017;390(10112):2584-2594.


http://www.pewinternet.org/files/2014/08/Future-of-AI-Robotics-and-Jobs.pdf.
http://www.pewinternet.org/files/2014/08/Future-of-AI-Robotics-and-Jobs.pdf.
https://doi.org/10.2196/10410

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Journal of Health and Social Sciences Advance Publication Online
Published Online May 15,2020 doil0.19204/2020/syst6
The Italian Journal for Interdisciplinary Health and Social Development

Bellicoso CD, Kramer K, Stauble M, Sako D, Jenelten F, Bjelonic M. ALMA -
Articulated locomotion and manipulation for a torque-controllable robot. In: Proceedings
- IEEE International Conference on Robotics and Automation. Montreal, Canada; 2019.
Duka AV. Neural network based inverse kinematics solution for trajectory tracking of a
robotic arm. Procedia Technology. 2014 Jan 1; 12(1):20-27.

Silva MF, Machado JT, Lopes AM. Modelling and simulation of artificial locomotion
systems. Robotica. 2005 Sep; 23(5):595-606.

Kraft K. Robots against infectious diseases. In: ACM/IEEE International Conference on
Human-Robot Interaction. Christchurch New Zealand. 2016:627—-628.

Chapman T. Lab automation and robotics: Automation on the move. Nature. 2003 Feb;
421(6923):661-663.

Sanjuan R, Nebot MR, Chirico N, Mansky LM, Belshaw R. Viral mutation rates. J Virol.
2010 Oct 1; 84(19):9733-9748.

Naicker S, Plange-Rhule J, Tutt RC, Eastwood JB. Shortage of healthcare workers in
developing countries--Africa. Ethnic Dis. 2009 Mar 1; 19(1):60.

Hansen HJ, Caudill SP, Boone DJ. Crisis in drug testing: Results of CDC blind study.
JAMA. 1985 Apr 26; 253(16):2382-2387.

Wang W, Siau K. Ethical and Moral Issues with Al - a Case Study on Healthcare
Robots. Proceedings of the 24th Americas Conference on Information Systems. New
Orleans, (LA). Association for Information Systems; 2018.

Alemzadeh H, Raman J, Leveson N, Kalbarczyk Z, Iyer RK. Adverse events in robotic

surgery: a retrospective study of 14 years of FDA data. PloS one. 2016 Apr 20;



77.

78.

79.

80.

81.

82.

Journal of Health and Social Sciences Advance Publication Online
Published Online May 15,2020 doil0.19204/2020/syst6
The Italian Journal for Interdisciplinary Health and Social Development

11(4):e0151470.

Bargar WL, Bauer A, Borne M. Primary and revision total hip replacement using the
ROBODOC® system. Clin Orthop Relat Res.1998; 354:82-91.

Miksch S. Artificial intelligence for decision support: needs, possibilities, and limitations
in ICU. In Gullo A. (Eds) Anaesthesia, Pain, Intensive Care and Emergency Medicine.
Milano: Springer; 1996. Pp. 901-907.

Strollo PJ Jr. Embracing change, responding to challenge, and looking toward the future.
J Clin Sleep Med. 2010; 6(4):312-313.

Schwarz CM, Hoffmann M, Schwarz P, Kamolz LP, Brunner G, Sendlhofer G. A
systematic literature review and narrative synthesis on the risks of medical discharge
letters for patients’ safety. BMC health services research. 2019 Dec 1; 19(1):158.

Chirico F, Nucera G, Magnavita N. COVID-19: Protecting healthcare workers is a

priority. Infect Control Hosp Epidemiol. 2020 Apr 17:1. doi:10.1017/ice2020.148).

Kent C. ‘How are robots contributing to the fight against coronavirus?’ Verdict Media

Limited. 2020 Feb 5 [cited 2020 Apr 5]. Available from: https://www.medicaldevice-

network.com/features/coronavirus-robotics/



https://www.medicaldevice-network.com/features/coronavirus-robotics/
https://www.medicaldevice-network.com/features/coronavirus-robotics/

	The Swine flu pandemic (H1N1) occurred in the year 2019 and caused more than 18,000 deaths around the world. The infection originated from Mexico where pigs were found to be major reservoir [44]. It is noteworthy that every year around 500 million people are affected by influenza type A virus. Avian influenza viruses are adapted to birds and can be transmitted from them. Human-to human transmissibility of these influenza virus strains is highly possible. From the year 1996 to 2017, thousands of cases were reported due to bird flu (H5N1) in many parts of the world [45]. Influenza virus type A that cause swine flu and bird flu can undergo genetic reassortment resulting in antigenic shift and antigenic drift. So, it is difficult to understand the morphology of this virus. This results in development of several new sub types of influenza type A virus strains [46, 47]. Due to this reason there is inability to develop effective vaccine or treatment protocol for influenza type A virus infections. In addition, for swine flu and bird flu there are so many animals and bird reservoirs. For controlling and management of patients, the use of conventional health care strategies may not be effective [48-52]. The Lab-on-a-Chip Technology (LOC) is a recent advancement in the field of automation laboratories [53]. It is a very small device which integrates all lab processes in a single chip, functioning as an integrated chip. It effectively performs a multitude of complex tasks such as nucleic acid amplification and detection, immunoassays, etc., within the chip at a lower cost [54]. This technology is very useful in the detection of the H1N1 strains. The VereFlu™ Lab-on-Chip Technology is able to specifically detect the H1N1 strain among all the known human flu virus strains. This chip was tested successfully on the clinical samples during the Swine Flu Pandemic in Mexico in the year 2009 [55-58]. The global lab automation technologies in the market with significant contribution are listed below in Table 2.

