
            
           

      
           

           
   

              
       

              
    

             
          

            
            

         
    

            
           

        
             

           
           

             
         

   
       
             

           
              

     
             
             

     
        
            

      
            
               

          
         
              
           

 
           
           



              
  

   
         
           

   
            

    
             

 
           

 
          
         
              

      
           

           
      
             
            

            
       

   
            

     
            
     
   
            
              

               
        

            

   
           

              
           

       
              

            
       



                
           

     
       
          
          

     
          
      
        
               

             
        

  
             

      
         
              

             
              

                 

            
         
           
            

   
              

          
            

             
          

             
        

             
        

           
       

             
              

 
              

     



               
    

             
       

      
               

             
           
             
                

          
              

                 

             
   

              
                  

  

    
           

          

            
         
              

    
     
               

 
                

         

   
               

              
   

         
            

   
          

       
             
                 

    



«Only allow disabled/elderly people to use lifts.

+ Increase spacing on escalators (e. paint out atemate steps wih steps shared only
by people from the same household).

«Ban walking on escalators:
+ Increase access points o reduce congestion.
+ Separaterunners and walkers
1.13 Reduce countorflow interactions
The logic is that a one directional flow increases physical spacing.
+ Create one-way routes around buildings, shops, exercise routes and other spaces

using arrows and barriers
+ Nomalise walking clockwise around shared spaces.
* Normalise walking on pavement on the sideoftheroad facing traffic (i.e. on the right in

the UK).
+ Ifo staircases in a buiding consider making one up and one down.
» Clearly separate entrances and exits in a building (consider how this impacts flow

outside)
+ At congested entry points give directionsfo users fo atamate who goes nex! fom the

physically-distanced queue on each side.

1.14 Reduce chanceoftransmission
+ Install barriers andlor transparent screens in shops or public vehicles o protect staff.
+ Routine temperature taking and preventing accessof those with elevated temperatures.

to public buldings and workplaces. Thi i a routine measure in some countries, such
as China (Xiao et al. 2020).

* Hold events outdoors where possible.
+ Discourage unnecessary speaking when forced to be cose.
* Tum off background music in public places so people don't have to raise voices or

move closer and so perhaps increase transmission
+ increase ventiation indoors to help ensure that infectious aerosols are diluted and

flushed out
Avoid recirculating airto reduceconcentrationof infectious aerosols withina system.

2. REDUCING TRANSMISSION THROUGH CONTAMINATED TEMS.
Guidance from The CDC isthatthe SARS-CoV-2 virus may be transmitted when people
{ouch surfaces contaminated wit the virus before touching their nose, mouth or eyes, but
hat this appears less important than person-to-person spread (COC 20203),
2.1 Removing objects requiring physical contact
+ Where possibie, remove systems thal need skin coniact, such as door handles or

fingerprint scanners
+ Review objects touched by multle individuals (e.g. water dispensers, pubic seating

or magazines in aircraft) and consider removing those that are not essential, especially
those dificult to clean.

+ Where practical, remove or prop open doors and gates indoors and outdoors

2.2 Improve easeofcarrying out activities without contact
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« Use automated, contactless, systems such as automatic doors, automatic taps,
automated pedestrian crossings (n Sydney, Australia) or automatic disinfectant
dispensers.

« Develop phone App to sign for packages without needing to use delivery courer's
pen

«Replace package sign-in with courier photo of delivery at address showing the door
opened (already in place for most courier companies in the UK)

«Prevent touching of shared screens through requiring use of personal pointer.
+ Plastic bag charge waived for online delivery 10 encourage leaving outside the property

and reduce contact.
«Make plastic bags mandatory for online delivery with bags to be left outside property

and brought in by customer.
« Develop no-plug charging for the next generation electric vehicie fleet and other

appliances.
+ Replace touch screen recognition with volce recognion

23 Increase useofcontactless payment
«Encourage paying by card to reduce handling money.
«Encourage paying contactessly to reduce contact with payment terminals.
+ Increase maximum allowance for contactless payments
«Remove fee (if present) for minimum payment by contactlessto encourage use.
+ Encourage contactless payment through mobile phones.
«Make paying by contactless the default option at selfcheckouts (as done in Estonia) to

reduce the need to touch the screen.
«Make it easier for small outlets fo switch to paymentsover the phone (some banks are

reluctant to allow this), for example to allow customers to collect goods outside.

2.4 Design systems to reduce shared contact
«Remove self-packaging options when purchasing food by pre-packaging at production

Stage (e.g. for fresh bread and vegetables).
« Convention that different people touch different areas e.g. refuse bins designed so

collectors touch diferent areas from householders (e.g. centre element of handle red
‘and marked "do not touch” or designed wih separate handle).

«Increased useof drones for delivery.
«Use of diverless vehicles fo delivery.
«Supermarket trolleys modified 50 no longer coin operated.
«Locate bar codes so the cashier does not have to touch any goods.
+ Extend the conveyor belt fo move goods towards customers without the cashier

pushing them
«Messaging to reduce unnecessary fouching of items, for example tems in shops

unless bought i. applya “touch it and take it rule)
«Have a reject bin for mouldy/broken items once touched.
«All rubbish, such as waste after eating, placed straight in the bin rather than left for

someone else to clear up.
+ Encourage use of ‘Scan and Go' technology in shops and supermarkets where tems

are directly scanned and bagged by the customer whist shopping, including the use of
personal mobile phones as scanners.
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« Present barcode/QR codes on shelf labels so customers can obtain information
remotely.

«Ensure products are stacked on shelves with labels and barcodes facing outwards to
remove need for touching.

2:5 Use tools to avoid direct contact
+ Tools provided to individuals (e.g. tongs by shop)to remove direct contact with tems.

Tools decontaminated before the next use.
«Individuals bring their own tools, such as tongs to pick up shopping and probes to

press PIN (tools ideally designed to be multfunctonal). Tool decontamination available
at entry and exit

+ Provision of gloves before using common facilites, such as petrol pumps and upon
entry to shops. Provision of bins to correctly dispose of gloves at end of use.

«Eat with utensils rather than fingers.

2:6 Allocate one personto contact object normally handled by multiple people
+ Have a member of staff to refusl cars to prevent multiple handing of patrol pumps.

With payment through a phone app all canbeachieved without leaving the car.
+ Shorten production lines where feasible, or fix working relatonships so that each

individual in a production ine only has to interact with a limited numberof colleagues.
For instance assign the same individual to production and packaging or always have
one worker package another workers produce.

2.7 Reducing touching with palm and especially fingers
«Usea finger joint rather than fingertip to touch objects (such as doorbell or PIN

keypad).
«Use an elboworback rather than handstopush heavier tems (such as doors)
+ Redesign or adap! objects requiring physical contact to reduce hand contact, such as

foot- or elbow-operated public water dispensers, gates or doors. Materiase (2020)
provides designfilesfora 3D-printed door handle extender

2.8 Encourage sole useoftems
+ Individuals use their own rather than shared tems, such as waler botties instead of

glasses (whilst considering the cross contamination risk from home).
«Individuals have sole use of usually shared objects, such as staplers.
+ Encourage workers to bring their own food and pre-prepare items before coming to

work.
+ Do not provide communal utensis for eating or drinking in the workplace, unless they

‘can be properly cleaned between uses.
« Eatat own desk where possible
+ Workatown desk rather than hotdesking

29 Reducing reuse of objects
«Greater useof disposable cups, cutlery and plates so long as these can be disposed of

safely

210 Use safer surfaces
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«Encourage people to carry tissues and place them in a bin after coughing, sneezing, or
wiping their face, rather than using clothing or handkerchiefs.

«Encourage people to shower upon returning home (particularly for health care workers,
bus divers, shop workers, etc.)

«Increase the numberofwaste bins available for disposing tissues in public places.
« Increase the availabilty of shower facilties at the workplace for health care workers,

bus drivers, shop workers, etc.

3.3 Encouraging face mask use
«Wear masks when outside the home (mandatory in Czech Repubiic, China, and

Slovakia, with community effort to make them); in Austria obligatory in supermarkets,
recommended in the USA when in public settings.

«Face masks provided on entryto premises.
« Prioritse the supply of face masks (0 vulnerable groups, including those who may not

be able to afford them, and facilitate the washing andor disposal of facemasks for all
after use.

«Provide public information and training on the safe and effective application, wearing,
removal, cleaning and disposal of face masks and other personal protective
‘equipment.

«Ensure high standards of consumer protection against the mis-seling of inadequate,
overpriced or inappropriate facemasks and other personal protective equipment.

3.4 Encouraging effective clothing washing
« Change and wash clothing on retuming home or after possible contamination

(particularly for health care workers, bus drivers, shop workers, etc.)
«Avoid shaking dirty laundry before washing to reduce the possiblity of dispersing virus

through the air
«Washand dry laundry bags, or disinfect basket.
«Wash at an appropriate temperature and with an appropriate amountofdetergent.
«Support people whose access to clothes washing facilties may be limited due to

‘economic situation or lockdown regulations.

3.5 Use of UV-C
UV-C (short-wavelength ultraviolet light that has germicidal activity) is used in China; it
‘cannot be used when humans or animals are present.
«Disinfect food with UV-C.
«Disinfect post, money and other obiects (e.g. phoneorkeys) with UV-C.
+ Support vuinerable individuals to obtain UV-C cleaning faciities where appropriate.

3.6 Improving cleaning
A range of biocidal products are effective against SARS-CoV-2 coronavirus; sources of
evidence-based guidance include the European Centre for Disease Prevention and
Control (ECDC 2020) and the United States Environmental Protection Agency (EPA
2020).
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« Make the spaces on public ransport and other shared spaces easier to rapidly
disinfect of wipe down, for example by using non-absorbent materials

« Regularly treat extemal shared spaces, such as seals or playgrounds, with
disinfectant.

«Regularly clean objects most likely to be contaminated (taps, petrol pumps, door
handles, pin machines, etc).

« Regularly clean workspaces especially high risk areas, such as desks, keyboards,
oor handles, canteen, tolet and washroom areas, printers, water coolers, and toys in
nurseries.

«Reduce the hours that shops and public transport are opentoenable cleaningto take
place.

+ Create the nom of indiduals using provided disposable wipes fo clean shared
suraces and faciltes before use

« Encourage or require people to cary their own disinfectant to routinely use before
touching shared objects, sich as door handles.

* Provide disinfectant wipes and accompanying disposal facilities for individual use at
locations where contamination is more likely, such as to wipe down cards, card
machines / door entry systems

«Deep clean any areas used by people who report feeling il
+ Clean shared faciities between use by individuals, Such as canteen tables, shopping

trolleys or self-service touch screens.
«Spray outdoor spaces and vehicles with disinfectant, from drones or aircraft (as in the.

tropics to control mosquitoes)
«Provide widespread guidance on creating home-made effective wash and sprays.
«Clearly communicate which solutions are nt effective n kiling the virus.
+ Provide free disinfectant sprays and refiling stations.
«Provide clear guidance on effective disinfectants already available in the home.
«Create clear industry standards and expectations regarding disinfectant use in hotels,

take-away restaurants etc

3.7 Leaving to decontaminate
Experiments on SARS-CaV-2 show an exponential decay in viral load. The longest
viabilty expressed as median half lives was approximately 5.6 hours on Stainless steel
and 68 ours on plastic (van Doromalen st al 2020) but lower on cardboard and much
lower on copper. Another report (Moriarty et al. 2020) found that SARS-COV-2 Gould be.
detected on surfaces for up to 17 days. Research on the influenza virus showed all viable
virus was gone after 24 hours on all surfaces tested (plastic, wood, steel and clot), yet
the amountofinert viral material (genetic material) changed very ltl (only 10-100 times.
less ater 24 hours) (Greatorex et a. 2011).

«Place non-urgent, non-perishable post-delivered items (etters and packages) in bags
‘and wait before opening.

«Encourage the use of boxes to collect mail, with the opportunity to inspect without
touching so the recipient can decide whether (0 open or leave to disinfect.

» Double bag personal protective equipment and leave for 72 hours to decontaminate
before disposal.
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asymptomatic 200 keeper (Anon 20204). The CDC advises, as a precautionary measure,
that people suffering or suspected to have contracted COVID-19 shoud restict their
contact wih pets (CDC 2020c) Curent advice in the UK is fo keep cats indoors if
someone in the household has shown symptoms of COVID-19 (Gil 2020). The possible
actions listed here are precautionary optionsfor responding to his potential isk.

+ Minimise touching, food sharing and direct contact of suspected infected persons with
pet animals, such as cats, 0 reduce isksofdisease transmission.

+ Reduce contact between pet animals (e.g. separate food and water bowls; keeping in
separate rooms) that have been in contact with people that mayldo have COVID-19.

«Disinfect and safaly disposeofpotentially contaminated mater (2.9. cat liter with urine
and faeces) from pets that have been in close contact with people with COVID-19
infection.

«Test pot animals for COVID-18 infection f transmission from infected pets or people is
suspected

+ Keep pet cats indoors during outbreaks fo prevent household to household
transmission.

«Keep dogs on leads when outside on walks.
+ Encourage social distancing measures for both wild and pet animals
+ Encourage the washing of pets, where possible by an intermediary, before handing to

veterinarians.
«Rescue, treat and rehome feral animals.

5 RESTRICT DISEASE SPREAD BETWEEN AREAS
Restricting movement is an element in containment within the intial stages ofa pandernic
and in preventing movement to areas with limited capacity to cope. At later tages itis
likely to be used both to prevent spread to isolated communities and between regions with
very diffrent levelsof infection

5.1 Roduce movement that exacerbates problem
«Restrict movement in relation to country of origin of the virus and any confirmed

outbreaks.
«Impose regional travel restrictions of closures n respons to regional indicators of

infection load.
«Prohibit travel from urban centres to second/family homes in ural communities, to

reduce burden on ural health infrastructure (e.g. Norwegians banned from summer
cottages; Anon 2020b).

+ Stop or estict contact with societies that curently have minimal contact and so
unlikely to be infected.

«Make information readily available on infection isk and travel restrictions.
«Restrict long-distance travel to specific purposes (e.g. essential work, family

emergency, careof relatives) wiha clear and enforceable definitionofwhat
constitutes long-distance (e.g. a maximum travel radius, crossing local authority
boundaries, moving between setlementsor going futher than strictly necessary fora
given task).

+ Establish punishments for not obeying rles/guideines on travel including falsely
providing travel history (adopted in China).
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One option is that groups, such as those managing accesstothe countryside, collectively
devise such a set of strategies. For example, they Could consider what actions are
necessary to achieve effective social distancing, within the context of their particular
responsibilities or activities, and which sites (i. least likelyto be crowded) have a realistic
capabilty to. deliver them. They can then consider what is necessary to create low risk
sites with appropriate biosecurity measures and which sites coud achieve that. Finally,
what are the risks that cannot be appropriately mitigated and to which sites does that
apply? Other groups, such as within catering, retail and sports, could similary devise a
range of strategies differing in biosecurity intensity. Of course, this needs tobe organised
within groups and centralised to ensure that it does not undermine broader policies
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Research paper as print and his policy summary avalaio aNa10 TEDIOSE IAS

Bridging the transition out of lockdown

Executive summary for policy-makers

Lockdown measures seem hihy effective for conroling SARS-CoV 2 but are causing
considerable economic and cil pan and her s substantial discussion about how 10
ransilon to normaly follwing lockdown. A phased raniton out of lockdown 's wily
discussed, which could be transitioning different regions at different times - as done in China
(but might bo considered olically unacceptable n ine UK), phased by valnerabilty (keeping
he vulnerabie protected i theoretical tric dea, but th carer's daughter ust going back
to school...) or phased by activity (e.g. businesses early; rock concerts late),orofcourse a
combination of ihe above. In addfion safeguards are needed to prevent a-sacond wave" We
consider the approach of a responsible ransion, n which society considers how to un
processes in a way that reduces risks. We do not intend to make recommendations about what
the next steps should be, but instead we set out a clear way of structuring the policy
conversations ha need 0beheldto devise an ei svategy. TS requiresa way of denting
a comprehensive Isto possible options. Testing and evidence synthesis are obvious next
stages.
We identify two ways in which society could drive change. Firstly,as a societywearen't
currently explonng he ide range of posse ways of Sowing problems {0 Improve bosecurty,
‘Secondly, as a society we aren't yet thinking how this post lockdown transition might work.

Improving biosecurity

Inthe atached paperwedescibe how wa brought together an nermatinal team, using an
approach called Solution Scanning, to identify 273 possible non-pharmaceutical options for
dealing with SARS-CoV-2 and establish a processforidentifying more. How might this be used?

‘Some popular destinations, such as London parks, were closed in spring 2020 because they
‘weretoo congested and physical distancing was impossible. Such a high-risk environment is
unlikely tobe reopened until the iskofperson-to-person vial ransmission i negligible. Thus,
isworth considering how risks can be reduced to enable earlier opening. Possible measures
include walking on he righthand sidoo the pavement, walking around th footpaths clockise,
ands-ree gae operation, separate ery and xi pois, ime sos for ciferent social groups.
(60 aduts with one chi etre peopl,chide adults) and maximumuse mos (e.. ony
walk round once and no sting down). hess measures prove successful n achieving
istancing then some of hess constraints might be Wied, especial as ansiion progresses
Or, another example, how do we organise conacties peta stations? Options may incude
attendant fills, paid by phone, speak by App, or phoneorsignalling using printed board.
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Rapid HTA of alternative diagnostic technologies for the detection ofSARS-CoV-2

"Health Information and Quality Authority

About the Health Information and Quality Authority

(HIQA)

The Health Information and Quality Authority (HIQA) is an independent statutory
authority established to promote safety and quality in the provision of heath and
social care services for the benefit ofthe health and welfare of the public.

HIQA's mandate to date extends across a wide range of public, private and voluntary
sector services. Reporting to the Minister for Health and engaging with the Minister

for Children and Youth Affairs, HIQA has responsibility for the following:

+ Setting standards for health and social care services — Developing
person-centred standards and guidance, based on evidence and intemational
best practice, for health and social care services in Ireland.

+ Regulating social care services— The Chief Inspector within HIQA is
responsible for registering and inspecting residential services for older people
and people with a disability, and children's special care units.

+ Regulating health services — Regulating medical exposure to ionising
radiation.

+ Monitoring services — Monitoring the safety and quality of health services
and children’s social services, and investigating as necessary serious concerns
about the health and welfare of people who use these services.

Health technology assessment — Evaluating the clinical and cost-
effectiveness of health programmes, policies, medicines, medical equipment,
diagnostic and surgical techniques, health promotion and protection activities,
and providing advice to enable the best use of resources and the best

‘outcomes for people who use our health service.

+ Health information — Advising on the efficient and secure collection and
sharing of health information, setting standards, evaluating information
resources and publishing information on the delivery and performance of
Ireland's health and social care services.

* National Care Experience Programme — Carrying out national service-

user experience surveys across a range of health services, in conjunction with
the Department of Health and the HSE.
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Executive summary

The Health Information and Quality Authority (HIQA) was requested to undertake a
rapid health technology assessment (HTA) of alternative diagnostic testing methods
for the detection of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
to inform the work of the National Public Health Emergency Team (NPHET) in their

response to the COVID-19 (coronavirus disease 2019) pandemic. The World Health
Organization (WHO) has identified that diagnostic testing for SARS-CoV-2 infection is

critical to tracking the viral spread, understanding epidemiology, informing case
management, and reducing transmission.

“The assessment was undertaken as a rapid HTA within very restricted timelines and
in the context of an evolving global pandemic ofa new pathogen in humans. Tt
therefore differs from a standard HTA in ts scope and the approaches adopted to
synthesising the available evidence.

At the request of NPHET, HIQA investigated the potential usefulness of alternative:
diagnostic tests for the detection of SARS-CoV-2, whether any of the tests that are

‘commercially available are being used internationally, and identified when the tests

could be deployed in the clinical pathway.

Potential alternative diagnostic approaches

Diagnostic tests for SARS-Cov-2 can broadly be grouped into two categories, those
aimed at:

= pathogen (virus) detection (acute infection)

+ detection of immune response to the pathogen (past exposure).

Reverse transcription polymerase chain reaction (RT-PCR) facilitates direct detection

of SARS-CoV-2 RNA. It is characterised by high sensitivity and specificity, and is
regarded as the gold standard for clinical diagnostics. The initial identificationofthe
'SARS-CoV-2 virus was based on non-commercial RT-PCR laboratory protocols which

were published on the World Health Organization (WHO) website. The testing
protocols include multiple steps involving manual manipulation and take six to seven
hours to complete. However, RT-PCR is not a new technology; it is widely used in
specialised diagnostic virology laboratories. Therefore, companies have developed
and commercialised RT-PCR test kits, many of which workoffexisting platforms
already deployed in Irish hospital and diagnostic virology laboratories.

Potential alternative or additional approaches to RT-PCR considered in this
‘assessment include: serological testing (for antibodies and antigens); microarray or
microfluidic lab-on-chip technologies; CRISPR to isolate gene segments; and full
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genetic sequencing. Rapid tests involving in-vitro diagnostics (IVDs) which have the
potential to be used at or near the pointofcare (near-patient testing) were also

considered.

Operational utility

Pathogen detection tests (such as RT-PCR) and tests to detect an immune response

to the virus (development of SARS-CoV-2-specific antibodies) should not be
considered competing alternatives. Both testing approaches are clinically relevant,

but must be deployed at different time points during the clinical course of infection

taking consideration of their relevant diagnostic windows (Figure ES1).

Figure ES1: Diagnostic windows for the detection of acute SARS-CoV-2 infection

(viral RNA) and the immune response (anti-SARS-CoV-2 IgM and IgG) indicating
past exposure to SARS-CoV-2

tn nn nn
ee =

: 7 i
® & 2

drut

Coir sitssp

Note: *Whilethe sequenceofevents is well understood,theexacttimeline is based on early
‘evidence summaries and issubjectto considerable uncertainty.

Case finding — detectionofacute infection

RT-PCR is the ‘gold standard’ recommended for use by the WHO and ECDC for the

diagnosis of COVID-19 cases during the acute phase of infection. It is indicated for

the detection of SARS-CoV-2 RNA early in the clinical course of infection. False

negative results can occur if testing takes place in the initial incubation period
following infection. The minimum duration from infection to a positive test remains

uncertain. Using RT-PCR, SARS-CoV-2 viral RNA can be detected one-to-two days

prior to symptom onset in upper respiratory tract samples (Figure ES1). Based on
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limited early data, virel load peaks around the time of symptom onset, with viral RNA
becoming undetectable (from upper respiratory tract specimens) approximately two
weeks following symptom onset. The diagnostic window for using RT-PCR to detect
acute infection with SARS-CoV-2 therefore ranges from approximately three days
following exposure to the virus until two weeks following symptom onset (Figure
ESL).

Antigen detection tests, including rapid antigen tests, could be used to facilitate
early diagnosis of acute infection with SARS-CoV-2. In general, available antigen
detection tests, although associated with operational advantages in terms of ease-
of-use and turnaround time, are less sensitive when compared with RT-PCR. A highly
sensitive test is necessary to prevent false negative results and the risk of potential
virus transmission. In the absence of independent validation, the WHO has advised
against the use of rapid diagnostic tests based on antigen detection in any setting
(except research settings), including for decision-making, until evidence supporting
their use for specific indications is available. Consideration may, in future, be given
to the use of rapid antigen tests as triage tests to rapidly identify patients who are
considered very likely to have COVID-19 based on clinical symptoms and
epidemiological risk factors, thereby reducing the need for molecular (RT-PCR)
confirmatory testing.

Identificationofprior infection

Direct viral detection methods such as RT-PCR and antigen detection tests cannot be:
used to identify past exposure to SARS-CoV-2. To identify those who have been
exposed to SARS-CoV-2, tests that detect antibodies (IgM and IgG) produced by the
body in response to SARS-Cov-2 infection can be used. Antibodies are typically
detectable 7-to-14 days (a week to a fortnight) after the onset of symptoms.
Therefore, antibody detection tests are not useful for early case finding.

As SARS-CoV-2 is a new pathogen in humans, litle is known regarding the adequacy
of the immune response or the duration of immunity following seroconversion
(development of SARS-CoV-2-specific antibodies). Therefore, it is not known if
reinfection can occur, although there is no reason to assume it cannot. In addition,
as with the influenza virus, there is potential for antigenic drift, and thus the
potential that any immunity following infection would be limited to the intial strain of
the virus.

A highly specific test is necessary to prevent false positive results, whereby
individuals are incorrectly classified as potentially being immune to SARS-CoV-2,
when they are stil at risk of contracting the infection. Similar to the rapid antigen
tests, the WHO has advised against the use of rapid antibody tests in any setting

Page 8 of 109
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(except research settings), including for decision-making, until evidence supporting
their use for specific indications is available.

‘The operational utility of antibody detection tests can be considered in the context of
three potential scenarios:

+ Patient-level testing to inform clinical management. For example, in
addition to any existing requirements to confirm disappearance of viral RNA, a
decision to de-escalate care for patients hospitalised with COVID-19 could be
informed by additional antibody testing to detect the presence of 10G
antibody specific to SARS-CoV-2.

* Cohort testing to inform staff deployment. For example, proposed
immunity passports’ to enable staff with immunity to the virus to retum to
work, or in the context of healthcare workers, preferential deployment of staff
with acquired immunity to high-risk areas on the basis that they would not be
considered at risk of contracting or spreading the disease.

= Population level seroepidemiologicalstudies to inform public health
strategies. Surveillance studies based on detection of antibodies specific to
SARS-CoV-2 could be a useful public health tool to assess overall infection
and immunity rates in the population (for example, those immune due to
mild, asymptomatic or recovered infection) and so inform the relaxation of
public health measures. However, issues in relation to cross-reactivity to other
coronaviruses (that i, risk of false-positives) and persistence of immunity
require clarification. Surveillance studies are planned or underway in a
numberofcountries including Germany, France, and the UK.

The level(s) at which such antibody detection tests might be deployed has extremely
important implications for both the administration and reporting of tests as well as
the overall governance of any testing strategy. This is particularly the case for
testing to inform staff redeployment given the uncertainty around the effectiveness
and durability of the antibody response, and the potential for re-infection with the
same or a different antigenic strain of the SARS-CoV-2 virus.

The use of population-level antibody detection studies to inform a public health
response is well documented in the context of other viral respiratory pathogens.
Such studies are resource intensive. Interpretation of the findings is critically
dependent on a wide range of factors including the demographics of the population
tested, the specificity of the test used and issues relating to the sample type and
handling. Any decision to implement population-level testing should therefore only
be undertaken in the context of a well-designed research study with governance and
controls usual to such studies.
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Current international practice

A brief scoping review was undertaken to identify the diagnostic approaches being
recommended internationally. Included in the review were intemational agencies
and a limited number of European and non-European countries.

The WHO, ECDC, and the CDC in the US recommend using laboratory-based nucleic
‘acid amplification (molecular) tests (manual or automated), such as RT-PCR to
detect the SARS-CoV-2 RNA (as of 14 April 2020). The same molecular test has been
recommended for use to detect acute infection with SARS-CoV-2 in Ireland and the
UK, among other countries.

Microfluidic lab-on-chip technologies and genetic sequencing do not appear to be
used at a national level in any country for the detectionof COVID-19. Although not
yet CE-marked, a microarray respiratory panel incorporating SARS-CoV-2 is reported
tobe in use in the UK. Genomic surveillance will be important to monitor the virus
for the appearance of mutations and to identify stable targets for nucleic acid based
detection methods. Viral genome sequences could also inform the development of
treatments and vaccines. In the UK, the COVID-19 Genomics UK Consortium,
comprising the National Health Service (NHS), Public Health England, UK Research
and Innovation (UKRI), and Wellcome has been launched to track viral spread and
evolution via genome sequencing of COVID-19 samples.

The WHO and ECDC recommend that a serum sample for serology (that is, antibody
testing) should be collected and stored during the acute phase of illness (that is,
after symptom onset), with a second serum sample collected two-to-four weeks
later, during the convalescent phase. Having a baseline sample allows confirmation
that seroconversion has occurred. It can also faciitate retrospective case definition
in individuals who did not have timely access to RT-PCR to confirm acute infection.

While not implemented at a national level, there is anecdotal evidence that rapid
antibody tests have been deployed in a number of healthcare settings (Veneto and
Emilia-Romagna regions in Italy; Mount Sinai Hospital and Mayo Clinic in the US).

Availability of diagnostic tests approved for use internationally

In Europe, tests for COVID-19 (SARA-CoV-2) which are CE marked in accordance
with the In Vitro Diagnostic Medical Devices Directive (IVDD; 98/79/EC) may be
placed on the market. Under this Directive, manufacturers of tests for COVID-19
(SARS-CoV-2) are required to specify device performance characteristics and self-
declare conformity with the safety and performance characteristics outlined in the
Directive. Self-tests for COVID-19 (SARS-Cov-2) require independent assessment by
a Notified Body to ensure the requirements of the IVD Directive are met. New
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technologies for the diagnosis of COVID-19 are rapidly emerging and regulatory
‘agencies are responding quickly to this emerging pathogen. This has included the
creation of pathways to accelerated regulatory approval to meet worldwide demand
for diagnostic testing (for example FDA's Emergency Use Authorization). In Europe,
due to the scale of the pandemic, some regulatory authorities are facilitating the
placement on the market of non-CE marked 1VDs deemed critical for COVID-19
diagnosis through national derogations.

In Ireland, the Health Products Regulatory Authority (HPRA) is the Competent
Authority (CA) for medical devices and IVD, and monitors the safety of medical
devices and IVDs after they have been placed on the market. The HPRA has
developed a regulatory derogation process for the urgent assessment of applications
to facilitate the use of critical non-CE marked medical devices and IVDs in the
context of the COVID-19 emergency in Ireland.

Alist of test devices for detection of SARS-CoV-2 was compiled through a review of
data from a variety of grey literature sources including online repositories (such as
the non-governmental organisation, FIND).

Performance of commercialised diagnostic tests

While a systematic reviewof the literature is routinely used in HTAS to assess
diagnostic test accuracy, this approach was not adopted in this rapid assessment as
such a review was considered premature at this point. SARS-CoV-2 is a novel
pathogen in humans first detected in December 2019. Literature published in the
first four months of this year are primarily in the form of case reports and case
series. These would require confirmation using larger more robust study designs. It
is also noted that at the time this assessment was being undertaken, the majority of
the publications had not undergone peer-review, therefore the study findings should
be interpreted with caution.

In the absence ofa centralised listofverified CE-marked tests, a review of grey
literature sources including online repositories (such as the non-governmental
organisation, FIND) was undertaken to identify IVD tests for COVID-19 claiming CE-
marking. Due to time constraints, the claimed CE-marking was not verified with
relevant authorities. The performance data are limited to manufacturer-reported
characteristics, so may be subject to bias. The purposeofthis review is to illustrate.
the range of IVDs commercialised for COVID-19.

Alarge number of RT-PCR test kits were identified. The initial RT-PCR testing
protocols approved and validated for SARS-Co-V2 detection include multiple steps
involving manual manipulation and take six to seven hours to complete. Newly-
developed kits incorporate existing technological advances and can be used in
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platforms with a higher degree of automation, requiring less manual manipulation,
less reagent and that are amenable to batch testing, thereby facilitating quicker
turnaround time and a higher throughput of tests.

Advantages of test kits suitable for use on existing platforms include the fact that
the platforms are already deployed in a number of the hospital laboratories, so there
is a level of multidisciplinary experience and confidence in their use.

Forty-two laboratory-based RT-PCR tests were identified, 17 of which were identified
as being CE-marked by the manufacturer. Of the 17 devices, five manufacturers
reported diagnostic test accuracy results. Clinical sensitivity ranged from 89% to
100%, and clinical specificity ranged from 98% to 100%.

Given the need for specialised equipment and reagents, technically skiled staff and
potential long turnaround times with RT-PCR, alternative diagnostic methods with
comparable accuracy and reduced operational requirements are needed. There is
evidence to suggest that nucleic acid detection-based methods such as CRISPR and
RT-LAMP may have comparable diagnostic test accuracy to RT-PCR, and may have
operational advantages in terms of ease-of-use and turnaround time. Many of these
devices are stil in the development stage. In our initial review, commercially
available CE-marked tests using these methodologies were not identified.

Rapid antigen and antibody tests

Although an increasing number of alternative diagnostic tests are being developed
and commercialise, there is considerable uncertainty regarding the clinical
performance of these tests, in particular rapid SARS-CoV-2 antigen detection tests.
and rapid antibody tests.

Using publicly available information from the non-governmental organisation, FIND,
the ECDC reported that ten rapid antigen IVDs conform with the relevant EU
legislation, Directive 98/79/EC on in-vitro diagnostic medical devices (IVDs), and
may be available for use intemationally. However, they noted that they may be
targeted to third-country markets and may not be available for purchase in the EU.
According to authorities in 18 European countries, three rapid antigen tests have
been reported as CE-marked, as of 26 March. However, no manufacturer data on
the accuracy of these tests was identified. No data to support their independent
validation has been published.

The ECDC reported that over 60 rapid SARS-Cov-2 antibody tests have been CE
marked to date, and many more continue to be placed on the market. As noted, CE-
marking of tests for COVID-19 (SARS-CoV-2), with the exception of self-tests, is
based on self-declaration. In an inital review of tests claiming CE-marking, dlinical
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sensitivity and specificity was reported by eight manufacturers. Across all of these
data (n=8), clinical sensitivity ranged from 85% to 100%, and clinical specificity
ranged from 96% to 100%. However, these ranges should be interpreted with
caution given that the reference standard used for comparison was not always
reported by manufacturers. AS yet, none of the rapid antibody tests have been
independently validated, and, to date, there are no CE-marked antibody tests for
self-testing available.

Pre-analytical vulnerabilities, independent clinical validation and quality
assurance

“The pre-analytical phase can be a major source of errors in diagnostic testing. To
mitigate such risks, training and quality assurance procedures are required to ensure
that test samples are appropriately identified and reported (right result, right
patient), and to ensure adequate procedures for correct specimen (for example,
swab) collection, handling, transport, and storage.

Performance of both laboratory-based tests and rapid tests performed outside the
laboratory (near-patient tests) may differ to that reported by manufacturers for the
purposes of CE-marking. Prior to their introduction as standalone diagnostic tests,
independent clinical validation of the diagnostic performance compared with a
reference standard is considered best practice.

On the 16 April 2020, the European Commission published a working document that
provides additional guidance to the legally obligatory requirements defined in the
IVR. The guidelines highlight the distinction between analytical performance
(usually evaluated based on a number of well-defined laboratory samples and
extreme patient samples) and diagnostic test accuracy which should be performed in
clinical studies using head-to-comparison between the test under assessment and
the reference test in the target population intended to be tested. Based on the
principles of good analytical (testing) practice, these guidelines include performance
criteria for RT-PCR, antigen-based and antibody-based tests. The current absence of
control samples and reference materials are noted as a particular challenge to
establishing the diagnostic test accuracy of antigen and antibody tests.

Commercialised, CE-marked, rapid tests are being assessed by WHO referral
laboratories and in clinical validation studies funded by the European Commission
and EU member states. The results of the validation studies will be published as
s00n as they are available to inform decision-making regarding their potential use.
At that point, the WHO and ECDC have noted that they will update their guidance on
testing using these validated diagnostic testing approaches, which may be used in
laboratories or near the point of care. Until these studies have been validated, the
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WHO strongly advises against the use of rapid tests, in particular antigen detection
and host antibody detection tests, in any setting other than research.

In addition to independent external validation studies, additional verification studies
are considered best practice prior to test deployment. This is to ensure adequate
performance of the tests in the context in which they are being used. For RT-PCR
test kits, clinical validation of the diagnostic performance of the test kit should be
‘compared vith an existing validated protocol for the gold-standard, but may be
conducted on the basis of a truncated validation run involving fewer samples, with
risk mitigated by enhanced surveillance of test performance, given the current
requirements for rapid deployment.

While adequate test accuracy and precision may be achieved under idealised
circumstances in the laboratory, these may be negatively impacted when used at the
point of care. Appropriate staff training and use of robust standardised operating
procedures may be required to moderate these sources of error.

In accordance with existing Irish guidelines for the safe and effective management
and use of near-patient (point-of-care) diagnostic tests, such testing should be
performed in the context of an ongoing quality assurance programme to ensure
adequate performance of the tests in the context in which they are being used and
provide confidence in the test results for both the diagnosing physician and the
patient. Consideration should also be given to a requirement that all testing should
be I150-accreditable, including meeting requirements in relation to internal quality
control, quality assurance and the recording of training and test results.

Conclusions

“This assessment was undertaken as a rapid HTA within very restricted timelines and
in the context of an evolving global pandemic of a new pathogen in humans. Tt
therefore differs from a standard HTA in its scope and the approaches adopted to
synthesising the available evidence. Evidence to support the analytical performance
of diagnostic tests for SARS-CoV-2 will continue to emerge. Evidence will also
emerge to support the clinical effectiveness and safetyofdifferent testing strategies
to inform patient care and the public health response to COVID-19. Revisions to any
national testing strategy may be required as the evidence evolves. In time, a full
HTA that takes consideration of the cost-effectiveness, resource considerations and
budget impact of altemative testing strategies may be required to ensure the best
outcomes for the resources available.

Bearing in mind the caveatsof the approach adopted, and arising from the findings
of this report, the following conclusions can be drawn:
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= Diagnostic tests for SARS-CoV-2 can be broadly grouped into two categories:
those aimed at detecting the virus and those that detect the body's immune

response to the infection (past exposure to the virus). These should not be
considered competing alternatives; both testing approaches are clinically
relevant at different time points during the clinical course of infection.

= “The ability of any diagnostic test to achieve an acceptable clinical performance
is contingent on it being performed within the appropriate timeframe for the
condition in question (right test,righttime, right person), with due
consideration of the principles of good pre-analytical and analytical testing |

practice.

® Realtime PCR is the preferred method to detect SARS-Cov-2 RNA and to
confirm acute infection early in the clinical course of COVID-19 disease. To
increase diagnostic testing capacity, efforts are underway to develop enhanced |
molecular methods with reduced turnaround times and instrumentation

requirements and higher throughput.

* Antigen detection tests could be used to supplement current laboratory-based
real-time RT-PCR case detection. However, analytical and clinical validation of
these tests is needed to inform their safe and effective use in clinical decision-

making.

= Contingent on the availabilty of accurate, validated tests, antibody tests could
be used later in the clinical course of infectionorfollowing recovery to identify |

those who have been exposed to SARS-Cov-2. While the use of antibody tests |
to provide ‘immunity passports’ has been proposed in the literature, litle is |
known about the adequacyofthe immune response or the duration of
immunity, and so it is not known if reinfection can occur. The primary role of
antibody tests is likely to be as part of well-constructed seroprevalence studies:
to model the course of the pandemic and inform the public health response.

* Work is currently underway to validate the analytical performanceof the |
different diagnostic tests. Prior to their introduction as standalone tests, clinical
validation studies are also required to confirm that test performance can be:
replicated in the context in which the test is being used. Al testing should be:
undertaken in the context of an ongoing quality assurance programme to
provide confidence in the test results for both the physician and the patient.

= A cohesive national strategy is needed to ensure the right tests are undertaken
in the right people a the right time for the right purpose. This is necessary to |
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These questions are addressed in sequence in Section 2 to Section 6. A general
discussion of key issues likely to be of relevance to decision making by the NPHET in
relation to deployment of the alternative testing approaches is provided in Section 7.

Work on this assessment was informed by detailed discussions and feedback from
expert stakeholders in this area, specifically:

= National Clinical Lead for the HSE's National Clinical Programme for
Pathology

= National Clinical Lead for the HSE's Antimicrobial Resistance and Infection
Control Team

= Director of the National Virus Reference Laboratory
+ Health Products Regulatory Authority (HPRA) which is designated as the

Competent Authority (CA) for medical devices and in vitro diagnostic
medical devices (IVDs) in Ireland.
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2. Description of the technology

Key points

® Real-time RT-PCR is the current gold standard for the detection of SARS-CoV-
2 RNA during the acute stage of COVID-19 disease.

* RT-PCR has many limitations including the need for specialised equipment
and reagents, technically skilled staff and long tumaround times.

*® Alternative isothermal nucleic acid amplification methods (for example, RT-

LAMP) may have advantages over real-time RT-PCR in terms of ease-of-use
and tumaround time.

* Antigen detection tests detect the presenceofvial proteins in dinical
samples. While generally less accurate than real-time RT-PCR, they have a

faster tumaround time, and are easier to operate.

® Antibody tests detect antibodies (IgM and IgG) produced by the immune
‘system in response to infection with SARS-CoV-2.

* Rapid tests have been developed for use in near-patient or resource
constrained settings to accelerate clinical decision-making and expand testing
capacity.

= Surveillance using genetic sequencing will be important to identify any
mutations in the virus that may reduce the sensitivity of diagnostic tests.

21.  Coronaviruses

Coronaviruses are a large family of viruses that circulate among animals including
camels, cats and bats. They can be spread from animals to humans. Coronaviruses
cause illness in humans ranging from the common cold to more severe respiratory
(lung) diseases.) Symptoms can include cough, shortness of breath, difficulty
breathing and fever. In more severe cases, pneumonia, severe acute respiratory
syndrome, kidney failure and death can occur.®

To date, seven coronaviruses have been shown to infect humans. Common human
coronaviruses including Ajphacoronavirus HCoV-229E, Betacoronavirus HCoV-0C43,
and HCoV-HKU1 and Ajphacoronavirus HCoV-NL63 are generally associated with
mild clinical symptoms. Additional zoonotic coronaviruses (SARS-CoV and Middle
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East respiratory syndrome coronavirus [MERS-CoV]) have emerged and have been
associated with more severe complications.

In December 2019, 3 virus that had not previously been seen in humans was
identified in Wuhan, China. SARS-CoV-2 (previously known as 2019 Novel
coronavirus [2019-nCov]) shares a high degree of sequence similarity with SARS-
CoV.(2) Therefore, diagnostic testing approaches must be aimed at target gene
sequences or their resultant proteins that are specific to SARS-CoV-2.

2.2. Diagnostic testing

The World Health Organization (WHO) recognises that there is no universal best
practice approach to the management of COVID-19, and that good laboratory
practices that produce consistently accurate results are key to assuring that
laboratory testing supports the public health response. There is a need to provide
guidance on the best available testing methodologles under different public health
scenarios for identification of current or resolved cases to inform public health
measures. Diagnostic testing for SARS-CoV-2 infection is critical to tracking the viral
spread, understanding epidemiology, informing case management, and reducing
transmission.

Testing methods available for the detection of SARS-CoV-2 infection include those
aimed at pathogen detection and those aimed at detecting the immune response to
the pathogen.

Pathogen detection tests (discussed in section 2.3) include

«Molecular methods (discussed in section 2.3.1) to detect viral RNA including
RT-PCR, isothermal RNA amplification methods and genetic sequencing,

* Antigen detection tests (discussed in section 2.3.2).

= Viral culture (section 2.3.3).

* Microarrays and microfluidic technologies (discussed in section 2.3.4) can be
designed to detect a range of targets including viral RNA, antigens

Detectionofthe host immune response (discussed in section 2.4):

= Antibody tests.

«Microarrays and microfluidic technologies which can also be developed to
detect antibodies.
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Rapid tests (discussed in section 2.5) are in vitro diagnostic (IVD) medical devices
which involve non-automated procedures and have been designed to give a fast
result for near-patient (point-of-care) testing. These include pathogen detection
tests and tests to detect the immune response.
A summary of the testing methods available is provided in Table 2.1 at end of this
section along with a brief description of the suggested advantages, limitations and
potential applicationsof these technologies.

23. Pathogen detection tests

2.3.1.Molecular methods

Reverse-transcription polymerase chain reaction (RT-PCR)

Reverse transcription polymerase chain reaction (RT-PCR) is a genetic amplification
technique that measures RNA expression levels. In RT-PCR, complementary DNA
(CDNA) is made by reverse transcription of RNA templates with the enzyme reverse
transcriptase. This technique can be used to:

+ qualitatively study gene expression
+ relatively or absolutely quantitate RNA levels (real-time RT-PCR).

RT-PCR facilitates direct detection of SARS-CoV-2 genetic material in various patient
specimens such as blood, stool, respiratory secretions or body tissues and can be
used for early diagnosis. Real-time RT-PCR (that is, the amplification of target RNA is
monitored as it occurs) is characterised by high sensitivity and specificity, and is
regarded as the gold standard for diinical diagnostics.©.”

The first RT-PCR tests for detecting SARS-Cov-2 were designed and distributed in
January 2020 by the World Health Organization (WHO). Protocols for RT-PCR testing
have been developed by other countries (including Germany, Hong Kong, China,
Thailand, Japan and France), some of which have been made available on the WHO
website. The protocol for testing in the US is available on the Centre for Disease
Control and Prevention’s (CDC) site.)

These RT-PCR assays target one or moreofthe following genes of SARS-CoV-2:

+ open reading frame1a/b (ORFia/b)

+ ORFlb-nuclear shuttle protein14 (ORF1b — nsp14)

«RNA-dependent RNA polymerase (RdRp)

= spike (S)
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«envelope (E)

= nucleocapsid (N) genes.(*)

Despite its widespread use, RT-PCR has many limitations including the requirement
for highly skilled staff and specialised laboratory instrumentation for sample
processing, as well as long reaction times. These disadvantages limit its practical
application, and thus can delay the rapid identification and isolation of individuals
with COVID-19, thereby potentially contributing to onward disease transmission.

Technological advances and variations of RT-PCR

The initial testing protocols include multiple steps involving manual manipulation and
take six to seven hours to complete. However, RT-PCR is not a new technology; it is
widely used in specialised laboratories for viral testing. Companies have developed
and commercilised RT-PCR test kits, many of which work off existing platforms
already deployed in hospital and testing laboratories. These kits incorporate existing
technological advances that increase the convenience of testing and reduce test
processing times (see Figure 2.1). Use of rapid RT-PCR kits should leverage existing
laboratory resources to optimise the expansionoftesting.
Figure 2.1: Technological advances leading to improved efficiency of nucleic acid
‘amplification-based testing procedures

© 2% generation NPT Bi:

§ acomin Jl

ATraditional RT-PCR Hu — BB — Bl

Time to result

Key: A Ampificaton; D —Detection; E~Extraction; NPT —nearpatient tes; RT-PCR~ reverse transcription
polymerase chain reaction. Figure adapted fom Loefelhlzet
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Real-time RT-PCR combines amplification and detection into a single step thereby
monitoring the generation of PCR products as it occurs (Figure 1, B and D). Real-
time RT-PCR is favoured for viral diagnostics due to the reduced turnaround time.

In the one-step real-time RT-PCR method, reverse-transcription and PCR are carried
outin the same tube. (*) One-step protocols are in development as another potential
strategy to increase the convenience of RT-PCR. Two-step methods involve the
creation of CDNA in a separate reverse-transcription reaction, followed by the
‘additionofthis CDNA to the PCR reaction. While one-step methods increase ease of
Use, they are usually less sensitive as it is impossible to optimise the two reactions
separately. One-step protocols are best suited to laboratories carrying out screening
of multiple samples for repetitive tests, or high-throughput screening.

Multiplex RT-PCR is a variation of RT-PCR in which multiple targets are amplified
simultaneously, facilitating the detection of numerous targets in a singlereaction.(2)
This can translate to increased efficiency, yielding more data from each reaction and
using fewer reagents. However, efficient multiplex reactions are difficult to design as.
‘assay conditions must be optimised to detect all targets equally.) A number of
multiplex RT-PCR tests have been CE-marked for use in the EU.

Newer, real-time RT-PCR-based near-patient IVD tests that incorporate nucleic
acid extraction, amplification and detection together into an integrated and sealed
cartridge processing have been developed (Figure 1, C and D).4) These rapid PCR
devices increase the speed and convenience of PCR to support timely and accurate
diagnosis. However, these near-patient tests are not currently available in Ireland,
nor are they suitable for high-throughput testing.

Other molecular methods— isothermal amplification

By obviating the need for thermal cycling, isothermal amplification methods are
simpler and faster to perform than RT-PCR, making them more suitable for resource-
limited or near-patient testing applications. The RNA-targeting clustered regularly
interspaced short palindromic repeats (CRISPR) associated enzyme Cas13 has
recently been adapted for the isolation of gene segments for diagnostics using gene
editing techniques.” 1% 19) Zhang et al. first reported a CRISPR-based nucleic acid
detection technique called SHERLOCK (Specific High Sensitivity Enzymatic Reporter
UnLOCKing) for the detection of SARS-Cov-2 nucleic acids.) A recently developed
assay, SARS-CoV-2 DETECTR, is reported to have comparable accuracy to real-time
RT-PCR. Methods using CRISPR Cas12 systems are in development, but are not
currently used in a clinical setting. 16

Loop-mediated isothermal amplification (LAMP) detects viral nucleic acid through
RNA amplification using four-to-six specially designed primers and a DNA polymerase

Page 23 of 109

2

          
    

          
              

            

          
            

          
          
             

              
          

        

            
          

            
           
            

          

        
          

            
            

          
      

     

          
            
        

        
            

           
        

           
          

            
      

        
          

   



Rapid HTAofAemative Diagnostic Technologies for the DetectionofSARS-CoV-2
Health Information and Quality Authority

with chain displacement activity under a constant temperature (60-65°C).”) LAMP
can be combined with reverse transcription (ie., RT-LAMP), where both reverse
transcription and amplification occur simultaneously allowing the direct detection of
RNA.) This system, can be coupled with a colorimetric indicator present in the
reaction mix allowing readoutofthe amplification reaction and diagnosis based on
an observed colour change. The diagnostic test accuracy of RT-LAMP based methods
are reported to be similar to RT-PCR. The technique is said to be highly specific as
recognition of multiple conserved regions is required. RT-LAMP is a faster and more
convenient method for SARS-CoV-2 RNA detection requiring fewer laboratory
resources and has the potential to extend the capacity of laboratories to process 2.5
more clinical samples relative to qRT-PCR.(+) No CE-marked RT-LAMP technologies
have been identified, although a number are reported to be in development.

Genetic sequencing

‘Genome sequencing was used primarily in the early days of the outbreak for initial
identification of the novel virus and is largely a toolofviral discovery.®) Now that the
complete genome sequence of SARS-CoV-2 has been obtained, most sequencing is
being undertaken to characterise the virus and monitor for viral mutation, not for
clinical diagnosis.©) Characterising the virus and genomic surveillance can be used
by public health authorities to understand the genetic determinants of viral
transmission, infectivity and virulence.

As SARS-CoV-2 has not previously been identified in humans, there is no acquired
immunity to the virus within the population. Genomic surveillance will be useful in
determining the genomic stability of SARS-CoV-2 and the likelihood that antibodies
generated against the virus through exposure will provide protection against re-
infection in the future. In response to the host immune response, selective pressure
on the virus may result in antigenic drift over extended periodsoftime. Ongoing
genomic surveillance will be important in monitoring for the appearance of
selectively advantageous mutations. Viral genome sequences could also inform the
development of treatments and vaccines.

2.3.2.Antigen detection tests

Immunoassays can be used to detect the presence of proteins in clinical samples.
Detection of viral protein (termed antigen assays) indicates the presence of viral
infections.) Immunoassays are available in a wide range of different formats, but
essentially consist of an antigen or antibody, immobilised on a surface, which binds
virus-specific antigens or antibodies from a patient sample (for example, sputum or
blood sera). By adding a further reporter protein, it is then possible to detect a virus-
specific immune signal to confirm the presence of the antigen or antibody.(2% 2)
Binding assays such as immunofiuorescence assays (IFAs) and enzyme-linked
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immunosorbent assays (ELISAS) could be used for the diagnosis of SARS-CoV-2.2%
»

Antigen detection is well established in the investigation of some infections where
diagnostic methods have evolved over decades (for example, hepatitis B virus),
notably where it allows active infection to be differentiated from a vaccine-induced
antibody response.29 Assays which combine detection of antigen and or antibody
allow earlier diagnosis of infection than assays detecting antibody alone, reducing
the diagnostic window. This approach is in routine use for the diagnosis of viral
infections such as HIV, where diagnostic approaches have evolved over decades.

Antigen detection tests detect virus-specific antigens by using antibodies developed
in the laboratory (the antibody does not come from the patient). The tests can
detect the presence of infection during the acute stage of infection and could
potentially be used in addition to current RT-PCR-based testing. They havea faster
turnaround time, and are easier to operate relative to RT-PCR; however, they
generally are less accurate.)

Antigen detection assays, if proven to have high sensitivity and specificity may be of
value in the diagnosisof COVID-19 infection.

2.3.3.viral culture

SARS-CoV-2 can be isolated from clinical samples through viral culture, but is not
recommended as a routine diagnostic procedure.(*

2.3.4.Microarray or microfluidic lab-on-chip technologies for the
detection of viral RNA or antigens

New techniques such as high-density nucleic acid arrays, also known as microarrays
or chips, are miniaturised devices, which comprise small flat surfaces, onto which
ordered arrangements of individual samples are positioned, allowing simultaneous
detection and identification of multiple viruses in a single clinical sample. 29)
Microarray-based methods allow the use of smaller sample volumes, more efficient
analyses and higher throughput.” In clinical diagnostics, microarray technology can
be used to differentiate between COVID-19 and other respiratory infections that
have similar symptoms. Microarray technology for the detection of SARS-CoV-2 in
addition to other common human respiratory pathogens are in development.
Microfluidics devices perform chemical analyses of extremely smal volumes of fluids
such as blood. The main advantage of microfluidic technologies is less sample and
reagent consumption, in addition to their potential use as near-patient devices.
Microfluidic systems have been used for the detection of other coronaviruses and are
currently in development for the detection of SARS-CoV-2.%)
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inter-operator variability. The useofdigital readers allows a lower limitofdetection
than can be achieved with manual interpretation of the assay and increases the
reproducibility of results. However, digital immunoassays require increased operator
handling, and the availability of the assay reader wherever the test s carried out.)

2.6. Selection and interpretation of tests

Selection of the most appropriate testing strategy will depend on the local
epidemiological situation and the availability of resources. The ASSURED (Affordable,
Sensitive, Specific, User-friendly, Rapid and robust, Equipment-free and Deliverable:
to end-users) criteria proposed by the WHO can be used as an indicator of the most
appropriate diagnostic test(s) among available testing alternatives in resource-
constrained settings.*") While efforts are underway increase diagnostic testing
capacity for SARS-CoV-2, selection of the most appropriate test is challenging for
policy-makers, laboratories and other end users given the current global shortage of
laboratory consumables and reagents, and limited independent test validation data
for. The selection and interpretation of tests is discussed further in Section 3
(international approaches) and Section 4 (operational utilty) of this assessment.

Real-time RT-PCR is the gold standard for diagnosing suspected cases of COVID-19.
Notwithstanding this, it is noted that negative test results do not preclude SARS-
CoV-2 infection and cannot be used as the sole basis for patient management
decisions. There may be a number of explanations for apparent discordance
between test results and clinical findings, some of which are unrelated to the test
itself. Firstly, there is a potential for pre-analytical errors including issues such as
insufficient sampling, contamination of specimens, and inappropriate storage and
transport conditions. Secondly, the analytical process can effect resus due to
operator error o the use of different sample preparations. Thirdly, the viral
dynamics of SARS-CoV-2 across the time course of the infection are still not fully
understood. Hence, false negative test results may occur If samples are tested
during the early incubation period or else during the late convalescent phase, when
virus levels may be undetectable. Differences in viral dynamics over the course of an
infection may also contribute to discordance between test results based on different
specimens (upper versus lower respiratory tract).

Testing in accordance with the principles of good laboratory practices and quality
‘assurance programmes for clinical laboratory testing will minimise the risk of false
negative or false positive results. This includes application of appropriate assay
controls that identify poor-quality samples can help to avoid many false-negative
results as a result of improper collection, storage and handing procedures.

In relation to the RT-PCR test, there may be differences in primers and probes used
in the protocols underpinning the RT-PCR methods that impact analytical sensitivity
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and specificity, while different laboratories and devices may use different threshold
Values to determine positive, negative and indeterminate test results, which may
lead to false-negative results as samples may be interpreted siightly differently.(2 +9
Improvements in RT-PCR tests are ongoing to enable better detection at lower levels
of RNA.
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3.International approaches to diagnostic testing

Key points

® The WHO, ECDC, and the CDC in the US recommend using laboratory-based
nucleic acid amplification (molecular) tests (manual or automated) to detect
SARS-CoV-2 RNA in clinical specimens (as of 14 April 2020). The same
molecular approach has been recommended for use to detect acute infection
with SARS-CoV-2 in Ireland and the UK, among other countries.

* The ECDC recommends that a serum sample should be collected and stored
during the acute phase of illness (that i, after symptom onset), and again
two to four weeks later, during the convalescent phase, to gain a better
understanding of disease course; for example, time to seroconversion and
subsequent viral clearance.

® The WHO has advised against the use of rapid diagnostic tests based on

antigen detection and host antibody detection in any setting (except research

settings), including for decision-making, until evidence supporting their use
for specific indications is available.

® Microfluidic lab-on-chip technologies and full genetic sequencing do not
‘appear to be used in any country for the detection of COVID-19. Although not
Yet CE-marked, a microarray respiratory panel incorporating SARS-Cov-2 is
reported to be in use in the UK. While CRISPR is a gene-editing technology,

because of technical similarities in the process, a number of CRISPR
laboratories are reported to have repurposed their resources to provide
‘additional COVID-19 testing capacity during this pandemic.

A brief scoping review was undertaken to identify the diagnostic approaches being
recommended internationally. Included in the review were international agencies
and a limited number of European and non-European countries. This section
presents the findings from the review.

3.1 International guidance

A summary of the international guidance on testing is provided in Table 3.1. As of
April 12020, the WHO,(%2) ECDC, and the CDC in the US recommend using
laboratory-based nucleic acid amplification (molecular) tests (manual or automated)
to detect SARS-Cov-2 RNA in clinical specimens. In each case, the recommended
approach to testing is broadly consistent. A sample from the upper and or lower
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respiratory tract is taken using a nasopharyngeal or oropharyngeal specimen (upper
respiratory tract), often using the same swab, and or endotracheal, bronchoalveolar
or sputum specimen (lower respiratory tract). A nucleic acid amplification test, or
RT-PCR, is then used to identify the RNA specific to SARS-CoV-2 that cause COVID-
19. In Ireland) and the UK,59 among other countries, the same molecular
‘approach has been recommended for use to detect COVID-19. As of 11 April 2020,
Spain has also issued guidance on which samples (that is, upper or lower respiratory
tract) should be used for the diagnosis of COVID-19 by rapid antigen testing,
although itis unclear whether the test is routinely used in practice.

Although an increasing number of alternative diagnostic tests are being developed
and commercialised, there remains considerable uncertainty regarding the clinical
performance of these tests, in particular rapid tests such as direct SARS-CoV-2
antigen detection and indirect antibody detection tests. The limitations of rapid
diagnostic tests are being assessed by WHO referral laboratories and in clinical
studies funded by the European Commission and EU member states. The WHO
has advised against the use of rapid diagnostic tests based on antigen detection and
host antibody detection in any setting (except research settings), including for
decision-making, until evidence supporting their use for specific indications is
available.) The WHO and ECDC have noted that they will update their guidance on
testing once there are sufficient data to validate the accuracy of the tests, including
guidance on when they should be deployed in the clinical pathway.)

While the use of alternative diagnostic testing to RT-PCR approaches remains to be
endorsed by the WHO and ECDC, or to the best of our knowledge at a national level
by any country, there has been a shift in guidance towards additional testing
pending the availability of validated tests. The ECDC? along with many countries,
including Australia,*® Germany,®%) Spain,7) and the UK,5 recommend collecting
serum samples for later detection of antibodies to SARS-CoV-2, once validated
serological assays are available (Table 3.1). The ECDC recommends that a serum
sample should be collected and stored during the acute phase of illness (that is,
after symptom onset), and again two to four weeks later, during the convalescent
phase. In order to gain a better understanding of the disease course, these data will
be particularly helpful in determining the time to seroconversion.©)

Seroprevalence data could help to identify the level of population immunity, and
inform the allocation of scarce resources to prevent or manage transmission. On a
larger scale, serological testing plays an important role in determining the extent of
viral spread in the community. A proportion of the population may already be
immune due to mild or asymptomatic infections. In this way, serological testing
could inform practical issues, such as whether it is appropriate to re-open schools
and non-essential services closed to limit community transmission of the virus, or
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allow healthcare workers, along with non-healthcare workers, to return to work.
However, such an approach would be resource-intensive. Section 4 elaborates on
the issues associated with serological testing in practice.
Microfluidic lab-on-chip technologies and genetic sequencing do not appear to be
used at a national level in any country for the detectionof COVID-19. Although not
yet CE-marked, a microarray respiratory panel incorporating SARS-CoV-2 is reported
tobe in use in the UK. CRISPR is a gene-editing technology, which in recent years
has also been used for the in vitro detection of nucleic acids. However, diagnostic
tests employing CRISPR are as yet still only in the development phase. Because of
technical similarities in the process, a number of CRISPR laboratories are reported to
have repurposed their resources to provide addtional COVID-19 testing capacity
during this pandemic. However, as indicated in Section 2.4.1, genome sequencing is
only useful during the early days of an outbreak. In the UK, the COVID-19 Genomics
UK Consortium, comprising the NHS, Public Health England, UKRI, and Wellcome
has been launched to track viral spread and evolution via genome sequencing of
‘SARS-Cov-2 samples.2) Samples from patients with confirmed cases of COVID-19
will be sent to a network of sequencing centres in order to monitor changes in the
virus at a national scale to understand how the virus is spreading and whether
different strains are emerging”)

While RT-PCR remains the primary test for the detection of SARS-CoV-2
internationally, there has been a number of recent developments in relation to the
development and use of altemative diagnostic testing approaches to detect the
virus, as discussed below.

3.2 Recent international developments in diagnostic testing

A substantial number of RT-PCR detection kits have been authorised for use and
commercialised internationally. An advantage of using these test kits, in particular
rapid PCR detection Kits, is that they can increase the speed and convenience of PCR
to support timely and accurate diagnosis of COVID-19. Useofthese tests also
provides an opportunity to optimise and expand testing if deployed in laboratory
settings where they can leverage off existing laboratory resources such as reagents,
primer sequences, and automated systems. Some rapid PCR-based test kits have
also been developed and can be deployed near the point-of care with minimal
training required; however, these kits do not have the same capacity, or throughput,
as laboratory-based test kits. They are also not yet currently available in Ireland, to
the best of our knowledge.

Given the large number of rapid tests (and in particular rapid antibody tests) that
have been commercialise for use, it is likely that there has been some uptake and
use of these alternate tests. The settings and context in which they are being used
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is, however, uncertain. In the UK, it has been reported that rapid antibody tests will
be rolled out, alongside rapid antigen tests, to address the next phase of the COVID-
19 pandemic.(* On April 9 2020, the Medicines and Healthcare products Regulatory
Authority (MHRA) in the UK published specification criteria for serology near-patient
tests and self-tests.(*) These criteria outline the minimally (and sometimes
preferred) clinically acceptable specifications for SARS-CoV-2 tests to be used in the
UK during the COVID-19 pandemic, highlighting that use of lower specification test
Kits would likely provide no clinical benefit and could lead to increased harm. Public
Health England currently advises against the use of these tests in community.
settings, such as pharmacies, or at home due to the lack of evidence on the
suitability of the tests to detect COVID-19 in these settings.®5) The Health Products
Regulatory Authority (HPRA) in Ireland has also advised the public against the
purchase of diagnostic test kits online or from any retailer after it became aware of
falsified test kits being sold in Europe.)

On 15 April 2020, the European Commission issued guidelines on COVID-19 IVD
tests and their performance.” The Commission subsequently published a working
document that provides additional guidance to the legally obligatory requirements
defined in the IVDR.(®) Based on the principlesof good analytical (testing) practice,
and making the distinction between a tests analytical performance (that is, the
ability of the test to detect a marker of interest) and its clinical performance (that is,
the ability of a test to determine a patient's clinical status). These guidelines include
performance criteria for RT-PCR, antigen-based and antibody-based tests, The
current absence of control samples and reference materials are noted as a particular
challenge to establishing the diagnostic test accuracy of antigen and antibody
tests.(® The Commission has also established a European taskforce comprising
representatives of the European Commission's Joint Research Centre (JRC), ECOC,
HTA experts and IVD experts. This taskforce is aimed at supporting the JRC in
completing a rapid review of the performance of IVD test methods and devices for
the assessment of COVID-19 and to make recommendations regarding same.”
While common technical specifications (CTS) exist for a number of blood tests (blood
grouping tests, HIV tests), as yet no such CTS exist for COVID-19.9)

While antibody testing is unsuited to the detection of acute infection, it has been
suggested that targeted antibody testing could provide key data for efforts to model
the courseofthe pandemic and the necessary public health response. If validated
antibody tests were available, there is speculation that they could be used to enable
rollout of so-called immunity passports that would enable social restrictions to be:
lifted and inform staff redeployment. There are anecdotal reports that a number of
healthcare organisations in the US have commenced, or plan to roll out, antibody
testing to inform deployment of healthcare staff. A number of these institutions have
internally developed tests that have undergone rigorous internal verification to
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4. Operational utility

Key points

= Pathogen detection tests and tests aimed at detecting an immune response to

the virus should not be considered competing alternatives. Both testing
approaches are clinically relevant at different time points during the clinical
course of infection.

+ Nucleic acid amplification-based (molecular) approaches for the detection of the
SARS-CoV-2 RNA are important for confirmation of acute viral infection early in

the clinical course of infection.

= Once validated rapid antigen tests, with sufficient sensitivity and specificity, are
available, they could be used alongside real-time RT-PCR in the acute phase of
infection, in circumstances where access to or turnaround times for laboratory-
based testing is inadequate and an early diagnosis if required to inform patient
care.

= The use of antibody tests is limited to later in the clinical course of infection or
following recovery to identify those who have been exposed to SARS-CoV-2.
Their use is contingent on the availability of validated tests with sufficient

sensitivity and specificity. As SARS-CoV-2 has not been previously identified in
humans, little is known regarding the adequacy of the immune response or the
duration of immunity following seroconversion, so it is not known if reinfection

«can occur. The role of antibody testing is therefore limited outside of well-

constructed seroprevalence studies to model the courseofthe pandemic and
inform the public health response.

= The level(s) at which rapid antigen or antibody tests might be deployed has
important implications for both administration and reporting of tests as well as
the overall governance of any testing strategy.

= The currently agreed national testing strategy is outlined in the HSE pathway of
care for the assessment and management of COVID-19. This document is
routinely updated as the strategy evolves based on emerging evidence.

4.1 Introduction

“This section summarises where available tests, and particularly:
+ pathogen detection tests (to detect active infection with the SARS-CoV-2

virus)
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+ tests to detect an immune response to the virus (that is, anti-SARS-CoV-2 IgG
and IgM antibodies that indicate past exposure to the virus),

could be deployed in the clinical pathway in the management of COVID-19.

Viral antigens and antibodies become detectable at different times during the clinical
course of infection (that is, from the presymptomatic/asymptomatic phase through
to full resolutionofsymptoms or death). While the exact time at which SARS-CoV-2
RNA, specific antigens, and IgG and IgM antibodies can be detected depends on
several factors, including the specific test used, individual patient variability and viral
characteristics. In general, the stages at which these markers of infection become
detectable can be estimated to inform the use of diagnostic tests. Information
regarding the optimal timing of tests measuring viral antigens or components of the.
host immune response is vital to inform the optimal timing of requests for tests and
interpretationoftest results.

In general, methods detecting the presence of the virus, and methods based on the
detection of the host immune response, are appropriate at different points in the
clinical course of infection for different clinical and public health applications. For the
purposes of this report, operational utility is used to describe the extent to which
application of a diagnostic test can produce clinical benefit by preventing or
improving adverse health outcomes through the detection of current or past SARS-
CoV-2 infection.

‘The diagnostic windows for the detectionof acute SARS-CoV-2 infection (viral RNA)
and the immune response (anti-SARS-CoV-2 IgM and IgG) indicating past exposure
to SARS-CoV-2 are summarised in Figure 4.1. Where appropriate, evidence
generated as part of ‘evidence summaries’ compiled by HIQA to assist the Clinical
Expert Advisory Group supporting the NPHET in their response to COVID-19 has
been used to determine the operational utility of identified diagnostic testing
methods during the clinical course of disease (that i, from the pre-symptomatic
phase or early infection through to full resolutionofsymptoms).
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Figure 4.1 Diagnostic windowsforthe detectionofacute SARS-COV-2 infection
(viral RNA) and the immune response (anti-SARS-CoV-2 IgM and 1gG) indicating
past exposure to SARS-CoV-2
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Note: *Whiethesequenceofeventsiswell understood,theexact timeline sbasedonearly
evidence summaries and issubjectto considerable uncertainty.

4.1. Methods of viral detection for acute infection

Early detection of cases is a priority to minimise COVID-19-associated morbidity and
mortality, initiate rapid and effective contact tracing and prevent further
transmission of the virus.

Using RT-PCR, SARS-CoV-2 viral RNA can be detected one-to-two days prior to
symptom onset in upper respiratory tract samples.” The evidence to date appears
to suggest that viral load throughout the duration of COVID-19 peaks around
symptom onset and decreases within one-to-three weeks.) Although the duration
of detection and the magnitude of the viral load, appears to vary from patient to
patient, there is evidence to suggest that the viral RNA becomes undetectable (from
upper respiratory tract specimens) approximately two weeks following symptom
onset.76) Therefore, based on current data itis estimated that the infectious.
period lasts for seven-12 days in moderate cases and up to two weeks on average in
severe cases.)

Other nucleic acid based approaches for the detection of SARS-CoV-2 nucleic acids
such as CRISPR/Cas12 and RT-LAMP-based methods have been reported to demonstrate
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‘comparable sensitivity and specificity in proof-of-principlestudiesto RT-PCR suggesting
that these assays may be most appropriately used early after symptomonsetwhen viral
load is highest. However, further independent validation studies using clinical samples are
needed. (Figure 4.1). Antigen detection tests are also suitable for use at an earlier
stage in the dinical course of infection.)

Early case detection

Molecular methods (for example RT-PCR, isothermal amplification-based methods)
should be used for early detection of SARS-CoV-2 cases, where possible. In
circumstances where molecular-based testing methods are not immediately
available, validated antigen detection tests, if available, could be used in particular to
facilitate early diagnosis in patients at the highest risk of adverse clinical outcomes,
such as patients in intensive care units. However, negative results from antigen
detection tests should be followed up with RT-PCR testing to confirm the absence of
infection.

Patient discharge

There is some evidence to suggest that high serum viral loads may be associated
with more severe disease. #9 In the early days of infection, serial monitoring of
the plasma viral load in COVID-19 patients with highly sensitive tests could be
considered to provide prognostic insights and facilitate treatment decisions, although
itis recognised that there are currently no specific medications to treat COVID-19. In
the context of limited reagents and personal protective equipment needed for
sample collection, in addition to an unmet demand for initial diagnostic tests, clinical
monitoring of patients based on viral RNA or antigen levels may not be feasible.
Where testing capacity permits, patients may be discharged based on clinical
resolution of symptoms, and evidence for viral RNA clearance from the upper
respiratory tract. However, the frequency of specimen collection may depend on
local epidemic characteristics and resources. Current guidance from the WHO
recommends that two consecutive negative results collected more than 24 hours
apart from a diinically recovered patient are needed prior to hospital discharge.)

Differential diagnosis

Multiplex PCR testing is of particular importance in immunocompromised patients in
whom co-infections are common and are associated with greater morbidity and
mortality compared with immunocompetent individuals.* The use of multiplex PCR
that test for the presence of multiple common human respiratory pathogens in
parallel can facilitate differential diagnosis and enable timely, appropriate treatments.
to be initiated in selected patients.® While the current national emergency relates
to the COVID-19 pandemic, and early evidence indicates that CT findings in COVID-
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19 lung disease are highly suggestive of infection with SARS-CoV-2, it must be noted
that acute respiratory signs and symptoms are seldom specific for a single pathogen.
Ultimately, detection strategies that allow for multiple respiratory pathogens to be
simultaneously detected, may have a significant impact on infectious disease
management both from a patient and a public health perspective. The ability to
accurately rule in or out a respiratory pathogen particularly in cases of severe
infection leading to patient hospitalisation in the ICU supports optimised care and
therapy selection for the individual patient.

Syndromic respiratory infection testing is used for seasonal and sporadic outbreak
surveillance and preparedness and is routinely deployed as part of epidemiological
surveillance by national centres for infectious diseases control. While still in
development, multiplex PCR testing kits and microarray technology that also
incorporate SARS-CoV-2 in the test panel of common respiratory pathogens will be
required for the next influenza season to replace existing multiplex kits deployed in
the healthcare system.

Patient triage

In the context of reagent shortages and inadequate access to laboratory testing,
consideration could be given to the use of rapid antigen tests or rapid molecular
tests to accelerate clinical decision-making and to reduce the workload of centralised
testing laboratories. If accurate and validated tests become available, rapid tests, in
particular antigen detection tests, could be used to triage or screen patients in
healthcare settings.

Prioritisationofcase detection to reduce transmission

‘The agreed national testing strategy is outlined in the HSE pathway of care for the
assessment and management of COVID-19.%9 This document is routinely updated
as the strategy evolves based on emerging evidence. During the scaling-upofthe
testing capacity, a gradual approach based on clearly established priorities is
necessary. Testing is prioritised for those most in need in order to minimise COVID-
19-associated morbidity and mortality. High priorities for testing include healthcare
workers, people with comorbidities, people in long-term care facilities and elderly
individuals. Tf there is sufficient capacity within the healthcare system, prioritisation
of testing may be expanded to holders of ‘essential jobs’ (such as social workers,
public transport, transportation and distribution of essential goods, first responders.
etc), and those for whom working-from-home is not an option.

Decentralised rapid antigen or rapid molecular testing could be performed in near-
patient or community settings without the need for specialised equipment. However,
the impact of near-patient testing on workflow processes in a particular setting
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requires careful consideration. Given the lower sensitivity of rapid antigen tests
relative to RT-PCR (that is higher risk of false negatives), itis assumed that such
tests should only be used to rule-in cases. That is, follow-up testing with RT-PCR or
comparable molecular methods would be required to confirm a negative test result
as it does not preclude SARS-CoV-2 infection and could not be used as the sole basis
for patient management decisions. The availability and diagnostic test accuracy of
CE-marked rapid antigen tests is discussed further in Sections 5 and 6. However, itis
of note that although a number of rapid antigen tests have been reported as CE-
marked, no data to support their independent validation has been identified.

Surveillance
Strategies for the surveillance of viral transmission are important to inform safe and
effective infection control measures. An Irish Epidemiological Modelling Advisory.
Group has been established to inform public health measures in relation to COVID-
19. National level surveillance data could be used to support the group in modelling
the course of the pandemic. National level surveillance efforts are important for
ongoing monitoring of:

+ the number of new cases, geographic spread, and severity of COVID-19 in
the population in order to estimate the burdenofdisease and assess the
direction of recent time trends

«the risk groups that are most affected

* the impactofthe pandemic the healthcare system to predict the trajectory of
the pandemic curve and inform resource allocation

«the impact of any mitigation measures (for example, contact tracing, social
distancing) to inform adjustments to the timing and intensity of infection
control measures

= outbreaks in hospitals or long-term care facilities to protect healthcare
workers and patients.

Data on those diagnosed with SARS-CoV-2 infection in Ireland is captured by current
surveillance systems in Ireland. As testing capacity expands, more comprehensive
estimatesofviral transmission will become available.

Sentinel syndromic surveillance refers to monitoring of rate of occurrence of specific
conditions in selected, targeted groups or networks (that is, sentinels) to estimate
population-level incidence rates and trends. The ECDC has recommended that
COVID-19 surveillance should be integrated with existing sentinel surveillance of
influenza-like fliness (ILT) or acute respiratory infection (ARI).() Where feasible, it
has been suggested that these sentinel surveillance systems should be expanded to
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include more physicians and thus improve population coverage to obtain more
comprehensive estimates. It is not yet known if SARS-Cov-2 will follow the
traditional respiratory season with a decrease in the late spring and summer.
Therefore it has been suggested that sentinel surveillance should be extended
beyond the end of the influenza season in order to generate data in relation to
COVID-19.6%)

Virological sentinel surveillance of COVID-19 should be based on the clinical
specimens obtained through national sentinel surveillance of influenza-like illness /
severe acute respiratory infections (ILI /SARI). Representative stains with associated
geographic, demographic (for example, age, sex, comorbidities), clinical (such as
disease severity) and temporal data should be selected for sequencing in order to
monitor genetic changes in the virus that could alter the virulence of the virus or
sensitivity to diagnostic tests.”

4.2. Methods detecting the host immune response

Antibody testing is dependent on the host's immune response to infection. The
length of time this takes will depend on factors such as the severity of infection and
the ability of the host's immune system to respond to infection. Therefore, antibody.
tests cannot be used to identify cases during the acute phase of infection. The
timing of seroconversion for SARS-CoV-2 is said to be similar to or slightly earlier
than in SARS-CoV infection. 1%) SARS-COV-2 IgG or IgM antibodies have been
reported to become detectable at approximately 10 days after the onset of liness.®-
199 However, seroconversion has been reported to occur at day six or seven after
symptom onset in some cases. Larger studies have also indicated that for the
majority of patients, seroconversion more typically occurs after day 10 (Figure
4.1)002.109

As noted in Section 3, following rigorous internal verification to ensure their
accuracy, a number of countries and providers are using laboratory-based antibody
tests to inform decision-making. In the context of inadequate access to laboratory
testing, rapid antibody tests may be used to reduce workload on centralised testing
Iaboratories. In contrast to rapid antigen tests to detect active infection where the
risk of a false negative test is of greater importance, the specificity of rapid antibody
tests is critica, as a false-positive result could provide incorrect assurance that an
individual is immune to SARS-CoV-2. The availability and diagnostic test accuracy of
rapid antibody tests is discussed further in Sections 5 and 6. However, itis noted
here that, while a large numberofrapid antibody tests have been reported as CE-
marked, no data to support their independent validation has been identified. None of
the available CE-marked antibody tests are approved for self-testing.
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Targeted antibody testing could provide key data for efforts to model the course of
the pandemic and the necessary public health response. The operational utility of
antibody testing can be considered in the context of three potential scenarios:

= Patient level testing to inform clinical management

* Cohort studies to inform staff deployment

= Population level seroepidemiological studies to inform public health strategies.

“The level(s) at which such testing might be deployed has important implications for
both administration and reporting of tests as well as well as the overall governance

ofany testing strategy.

Patient-level testing
It has been suggested that antibody testing could be used to inform the.
management of patients diagnosed with COVID-19. Current guidelines from the
WHO recommend collection of both acute and convalescent serum samples from
patients for serological testing, which can support the identificationof the immune
response to a specific viral antigen.(*) Decisions to de-escalate care for patients
hospitalised with COVID-19 patients could be informed by antibody testing to
document IgG antibody specific to SARS-CoV-2 in addition to evidence of viral
clearance and clinical improvement.

The useoftesting to inform the care and management of an individual patient,
should be conducted in accordance with routine administration and governance
arrangements. That is, the testing, reporting and follow up remain the responsibility
of the patient's healthcare provider.

Cohort studies to inform staff deployment

Given the current international emergency in terms of the COIVD-19 pandemic, it
has been suggested that testing of individuals with suspected past exposure to
SARS-CoV-2 could be used to inform staff redeployment and or allocation of staff
resources.(©! As noted in Section 3, it has been suggested that immunity passports
could be issued to those with evidence of a sufficient acquired immune response to
inform the eligibility of staff to return to work. It has also been suggested that, in
the context of healthcare workers, these staff could be preferentially employed in
high-risk areas as they would not be considered at risk of contracting or spreading
the disease.) While neither of these approaches have previously been adopted, the
approach is in line with routine occupational health requirements that healthcare
workers have evidence of immunity to specified infectious diseases for which
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vaccines are available (for example, MMR, Hepatitis B virus) before they can engage
in direct patient care.(1%%

There are a number of issues to consider with the use of antibody test results to
inform allocation of staff resources. As indicated in Figure 4.1, there is a window.
during which an individual could havea positive RT-PCR test indicating ongoing
‘acute infection and a positive antibody test indicating an immune response has been
mounted. To mitigate the risk of transmission to others, laboratory confirmation of
viral clearance (for example, two negative RT-PCR tests at least 24 hours apart) or
‘an adequate time period since RT-PCR confirmation of an acute infection (current
guidelines suggest a minimum of 14 days, including five days with no symptoms if
applicable) would be required.

For individuals without laboratory-confirmation of acute infection, but for whom
'SARS-CoV-2 infection was suspected (for example, individuals who did not meet
criteria for priority testing or who did not present for testing), again consideration
must be given to ensure that sufficient time has elapsed since the presumed
‘exposure and or a requirement for RT-PCR confirmation to exclude acute infection
prior to returning to work. False positive test results may incorrectly classify
healthcare workers as immune to infection with SARS-CoV-2 placing them at risk of
contracting the infection. The specificity of antibody tests for SARS-CoV-2 is an
important consideration in circumstances where the test is used to inform staff
redeployment. As SARS-CoV-2 has not been previously identified in humans, little is
known regarding the adequacy of the immune response or the duration of immunity
following seroconversion. Therefore, it is not known If reinfection can occur. AS with
the influenza virus, there is potential for antigenic drift and thus the potential that
immunity is limited to the initial strain of the virus.

From an operational perspective, consideration for the deployment and governance
of such an approach should include details of who is responsible for:

= providing the antibody test and in what setting it will be provided

+ decision-making in relation to staf redeployment

+ follow-up of the individual to ensure immunity in the context of an ongoing
pandemic or evidence of the emergence of new strains of the virus.

How, where and by whom any testing to inform staff redeployment is implemented
could also have important implications for how the veracity of an individual's test
result is ensured given the financial imperative for many individuals to retum to
work.
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Population-level seroepidemiological studies to inform public health
strategies

Well-constructed seroepidemiological studies could provide important information
on:

+ age-specific and cumulative incidence rates of infection

= prevalence of cross-reactive antibodies to SARS-CoV-2

= the clinical spectrum of the infection including the correlation between
infection, disease and the detection of antibodies

+ evidence of human-to-human transmission to identify, for example, evidence
of household and occupational risk of transmission and acquisition.

Seroprevalence studies could be used to determine the level of immunity in the
population and may provide a useful indicatorofthe risk of a second surge in cases
after social distancing measures are lifted7) Studies to estimate the level of
immunity to the virus may be carried out after a consistent decline in the number of
cases identified has been observed in order to inform the safe and timely lifting of
social distancing restrictions. Such studies can also facilitate evaluation of the
effectiveness of any measures introduced to prevent viral transmission (for example,
social distancing, school closures) and the requirement to continue such measures.

The use of population-level seroprevalence studies to inform a public health
response is well documented in the context of other respiratory pathogens including
the Middle East respiratory syndrome (ERS) coronavirus and the 2009 influenza
pandemic. 106)

Population level seroepidemiological studies are resource intensive. Interpretation of
the findings is critically dependent on a wide range of factors including the
demographics of the population tested, the specificity of the test used and issues
relating to the sample type and handling. Any decision to implement population-level
testing should therefore only be undertaken in the context of a well-designed
research study with appropriate governance and controls.
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5.Diagnostic tests approved for use internationally

Key points

* An increasing number of diagnostic tests have been approved or authorised
for use internationally to address the growing spread of COVID-19.

* To facilitate increased access to diagnostic tests, many international
regulatory authorities have established accelerated regulatory pathways in
relation to the development of in-vitro diagnostics.

* The Food and Drug Administration (FDA) issued ‘immediately in effect
‘guidance’ that permits the development and distribution by commercial
manufacturers, or development and use by laboratories, of serology tests to
identify antibodies to SARS-CoV-2, provided the test has been validated and
notification has been provided to the FDA.

* The Health Products Regulatory Authority (HPRA) in Ireland has developed a
regulatory derogation process for the urgent assessment of applications to
use critical non-CE marked medical devices to address the COVID-19
‘emergency nationally.

® To date, the tests that have been approved or authorised for use
internationally largely include molecular tests and immunoassay tests.

5.1 Introduction

An increasing number of diagnostic tests have been approved or authorised for use
internationally to address the growing spread of COVID-19. The scaleofthe
pandemic has resulted in regulatory authorities in many countries establishing
accelerated regulatory pathways in relation to the development of in-vitro
diagnostics to facilitate access to critical tests. This section presents a brief overview
of the regulatory processes that have been introduced for the development and use
of diagnostic tests in a number of different countries, including the US, South Korea,
Singapore, Australia, Canada, and Ireland, and provides a list of the tests that have
been approved or authorised for use in these settings.

5.2 An overview of the international regulatory processes

On 4 February 2020, the FDA in the US moved from approving diagnostic tests to
authorising their use through emergency use authorizations (EUAS).(7 On 29
February 2020, it subsequently issued an ‘immediately in effect guidance’ that
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permitted the development and distribution by commercial manufacturers, or
development and use by laboratories, of serology tests to identify antibodies to
'SARS-CoV-2, provided the test had been validated and notification was provided to
the FDA of its commercial use.

In South Korea, a number of diagnostic tests have been made available for
commercial use through the same EUA as in the US(%9 since 4 February 2020.0%9
In Singapore, on 29 January 2020, the Health Sciences Authority (HAS) granted
provisional authorisation for a numberof diagnostic tests to be used commercially to
ensure the timely availability of good quality tests. 410) In Australia, the Therapeutic
‘Goods Administration (TGA) is undertaking an expedited assessment of all medical
devices associated with the detection of COVID-19 and has already approved a
number of tests for use under the Australian Register of Therapeutic Goods
(ARTG).(12) The Minister for Health in Canada approved an interim order on 18
March 2020 to expedite the review of medical devices, including test kits, for the
detection of COVID-19.12 Priority is being given to diagnostic tests that use nucleic
acid technology (molecular tests) in Canada.
In Europe, diagnostic tests are considered in vitro diagnostic devices which must be
CE-marked in accordance with the 7 Vitro Diagnostic Medical Devices Directive (IVDD;
98/79/EC) before being placed on the market. Laboratory-based tests for COVID-19
and near-patient tests (professional use tests) are classified as general category IVDs.
Under this directive, manufacturers are required to specify device performance
characteristics and for general category IVDs self-declare conformity with the safety
and performance characteristics listed in the Directive. Devices intended for self-
testing, that is, for use directly by patients, must be assessed by a Notified Body for
the self-testing aspects.

A number of test for COVID-19 are now CE-marked. In Ireland, the HPRA is the
Competent Authority for medical devices and IVDs, and monitors the safety of
medical devices and IVDs after they are placed on the market. The HPRA has also
developed a national regulatory derogation process for the urgent assessment of
applications to facilitate the use of critical non-CE marked medical devices and IVDs
in the context of the COVID-19 emergency in Ireland."

5.3 Tests approved or authorised for use internationally

Alist of the diagnostic tests reported to have been approved or authorised for use in
different regions is provided in Appendix A. To date, these largely comprise
molecular tests and immunoassays. Themolecular tests are aimed at pathogen
detection and are typically PCR-based tests intended for use in laboratory settings by
skilled technologists, although some are designed as near-patient testing devices
that can be used in non-laboratory settings and require minimal training. One
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antigen test is also listed in Appendix A, Table A.1, as CE-marked; antigen tests are
aimed at pathogen detection and are therefore intended to identify active infection.
‘The immunoassay tests predominantly comprise rapid antibody tests. These detect
the body’s immune response to an infection and are helpful in determining a history

of infection rather than active infection.

The list of approved or authorised tests for use in Australia, Canada, Singapore,
South Korea, and the US detailed in Appendix A is accurate as of 14 April 2020. The
lst of tests for which CE-marking is claimed is accurate as of 27 March 2020;
however, the list is not exhaustive as there is no centralised list of verified CE-

marked tests. The list was compiled from a reviewof various grey literature sources,
as detailed in Section 6. Many more diagnostic tests may conform to the relevant EU
legislation for CE markings, but may not be available to purchase in Europe as they
may be intended for third-country markets, for example.0%) The ECDC report that
more than 60 antibody tests have been CE-marked to date, along with 10 antigen
tests (1 April 2020). However, according to authorities in 18 European countries,
only three antigen tests were CE-marked, as of 26 March 2020.54)

5.4 Discussion

Many international regulatory authorities have established accelerated regulatory
pathways in relation to the development and use of diagnostic tests to facilitate
increased access to diagnostic tests during the COVID-19 pandemic. The majority of
the tests that have been approved or authorised for use largely include molecular
tests and immunoassay tests, which predominantly comprise rapid antibody tests. As
Yet, none of the rapid antibody tests have been independently validated meaning
the clinical performance of these tests remains uncertain. The next section presents
an overview of the performance characteristics of alternative diagnostic testing
approaches, in particular rapid diagnostic testing approaches.
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6. Performance characteristics

Key points

+ This section comprises a review of the characteristics of IVD tests for COVID-
19 claiming CE-marking. Due to time constraints, the claimed CE-marking was
not verified with relevant authorities. Its purpose is to illustrate the number
and range of IVDs commercialised for COVID-19.

= Prior to their introduction as standalone diagnostic tests, itis considered best
practice to perform clinical validation of the performanceoftest kits compared
with an existing validated protocol for the gold-standard test. The evidence
presented in this section is primarily from manufacturer sites and therefore
independent validationofthe data reported is stil required.

+ Preliminary evidence of independent validation of diagnostic assays for
detection of SARS-CoV-2 is beginning to emerge In the published literature,
but none of these studies have yet been peer-reviewed. In addition to
independent validation, local verification of test performance should be
undertaken in the setting in which useofthe test is intended. All diagnostic
testing should be undertaken in the context of an ongoing quality assurance
programme to ensure confidence in the test results for both the physician and
the patient.

* Seventeen CE-marked laboratory-based RT-PCR tests, all of which used
nucleic acid amplification technology (NAAT), were identified. Only six of the:
manufacturers reported clinical sensitivity and specificity, ranging from 96%-
100% and 94%-100%, respectively.

* Thirteen CE-marked antibody (including laboratory-based and rapid assays)
tests for detection of antibodies to SARS-CoV-2 were identified, all of which
use immunoassay technology. Clinical sensitivity and specificity was reported
by eight manufacturers, ranging from 85-100% and 91-100%, respectively.
However, the reference standard used for comparison of diagnostic
performance was only reported by three of the manufacturers. Analytical
sensitivity (limit of detection) and specificity (cross-reactivity) was reported by
only one manufacturer.

* Two other CE-marked tests for diagnosis of COVID-19 were identified — an
antigen rapid assay and a microfluidic chip. Sensitivity and specificity were not
reported by the manufacturers.
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» Prior to their introduction as standalone diagnostic tests, itis considered best
practice to perform clinical validation of the diagnostic performance of test
kits compared with an existing validated protocol for the gold-standard test.

* Manufacturer innovation has led to the development of near-patient tests for
SARS-CoV-2 antibody detection. However, the implementation of these tests
in non-laboratory healthcare settings would need to be accompanied by a
quality assurance programme to mitigate against any potential health and
safety risks, in accordance with criteria set out by the HSE's National Clinical
Programme for Pathology.

6.1 Introduction
This section provides an overview of the performance characteristics of alternative
diagnostic testing approaches. These include:

= sensitivity and specificity
«test turnaround time.
* organisational and infrastructural requirements.

6.2 Methods

Diagnostic test accuracy
Diagnostic test accuracy (DTA) of tests designed to detect SARS-CoV-2 reflects how
well the test discriminates between those who do, and do not have COVID-19. To
determine the DTAof an index test, its performance must be compared with that of
gold standard" diagnostic test (that i, the best available method for determining

the presence of disease) in terms of sensitivity and specificity.

Sensitivity is the ability of an index test to accurately identify those who have the
condition: the proportion of people with the condition who receive a positive test
result. The specificity of a screening test s its ability to correctly identify those who
do not have the condition: the proportion of people without the condition who
receive a negative test result. In order to calculate sensitivity and specificity,
individuals are classified according to whether the screening test is positive or
negative, and whether the ‘gold standard" is positive (disease present) or negative
(disease absent) ~ see Table 6.1.
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Table 6.1. Relationship between a screening test result and the occurrence

of the condition
Test result CE

Positive True positive (a) False positive (b)

Negative False negative (c) True negative (d)

* hs determined by the gold standard diagnostic test
Sensitivity i cakulated as 3/(3+c). Specificity is calcuated 3 (b+).

Information sources

Alist of test devices for detection of SARS-CoV-2 was compiled through review of
data from a varietyofgrey literature sources:

«Report on COVID-19 diagnostics by Saw Swee Hock School of Public Health
(Singapore, dated March 19 2020).

+ Online repositories of available manufacturer diagnostic tests (for example,
FIND, 360Dx and Rapidmicrobiology) up to 1 April 2020.(03411)

+ Data obtained from manufacturer websites and technical documentation.

Only devices where the manufacturer claimsofConformité Européenne (CE)
marking for an in-vitro diagnostic (IVD) featured in accompanying material on their
website are included in this section. Where an accompanying manuscript submitted
for publication was identified, these data were included. Of note also, there is no
centralised list of verified CE-marked tests. Given the time constraints for this
review, it was not possibly to contact all relevant authorities to confirm registration
of the tests by the manufacturer or their authorised representative, so it is possible
that the lst includes IVDs that do not meet the requirements for CE-marking.

A systematic search was conducted up to 27 March 2020 in accordance with the
HIQA protocol for evidence synthesis to support SARS-CoV-2 public health response.
in Ireland to supplement the manufacturer-specific data.

While a systematic reviewof the literature is routinely used in HTA to assess
diagnostic test accuracy, this approach was not adopted in this rapid assessment as
such a review was considered premature at the time this assessment was,
undertaken. SARS-CoV-2 is a novel pathogen in humans first detected in December
2019.A full systematic review would require the definition of clear review questions
(for example, using the population, intervention, comparator, outcomes, study
design (PICOS) framework) and quality appraisal. Literature published in the first
four months of the year (January to April 2020) are primarily in the form of case
reports and case series. The majorityofthe publications have not as yet been peer-
reviewed. The findingsof the studies should therefore be interpreted with caution
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and will require confirmation using larger more robust study designs. As evidence of
a non-peer-reviewed variety is rapidly emerging, the data presented in this section
focuses on that identified from grey literature sources and that reported by
manufacturers as an illustration of the number and rangeof devices being brought
to the market.

Data quality
“The tests included in this section are considered as in-vitro diagnostic medical
devices and are identified by the respective manufacturers as CE-marked in
‘accordance with the IVD Directive (98/79/EC) under which they are classified as
general category IVD. Under this directive, manufacturers are required to specify
device performance characteristics and self-declare conformity with the safety and
performance characteristics listed in the Directive. It is noted that the performance
of both laboratory-based tests and near-patient testing devices may differ to that
reported by manufacturers for the purposes of CE-marking.Prior to their
introduction as standalone diagnostic tests, clinical validation of the diagnostic
performance compared with a gold-standard would be considered best practice.
“The performance data collated in this section of the report may be subject to bias as
they are limited to the manufacturer-reported characteristics. Prior to their
introduction as standalone diagnostic tests, test kits require independent validation
and verification for use at a local level. Clinical validation of the diagnostic
performance of the test kit should be compared with an existing validated protocol
for the gold-standard, but may be conducted on the basis of a truncated validation
run involving fewer samples, with risk mitigated by enhanced surveillance of test
performance, given the current requirement for rapid deployment.
None of the included manuscripts was peer-reviewed (as of 2 April 2020) and quality
appraisal was beyond the scope of the current rapid HTA. In general, clinical data
Were presented either in a summary table (as per Table 4.1) without adequate
description of methods undertaken in the clinical study or as standalone point
estimates of DTA without any description at all. All of the extracted data were
checked by a second reviewer.

Data analysis
Where manufacturers reported sufficient data to compile two-by-two tables (to
determine the number of true positives, false negatives, true negatives and false
positives), mean values and imprecision (that is, 95% confidence intervals) were
estimated for sensitivity and specificity using themetapropcommand in the meta
package of RStudio version 3.6.3. Subgroup analysis, where appropriate, was
performed on these data only (that is, devices were excluded from subgroup
analysis where insufficient data were reported) and presented in forest plots. A
summary pooled estimate of DTA was not undertaken.
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6.3 Findings
“The findings are presented according to the following headings:

* RT-PCR tests

= Antibody tests

* Other tests (antigen and microfluidic chip).

As described in Section 4, these test types have clinical utiity during different
periods within the clinical pathway. Therefore, they should not be viewed as
‘competing alternatives.

RT-PCR

“The initial identification of SARS-CoV-2 was based on non-commercial laboratory
protocols which were published on the WHO website. The initial testing protocols,
include multiple steps involving manual manipulation and take six to seven hours to
complete. However, RT-PCR is not a new technology; it is widely used in specialised
laboratories testing for viral testing. Therefore companies have developed and
commercialised RT-PCR test kits, many of which work off existing platforms already
deployed in Irish hospital and testing laboratories.

As noted, prior to their introduction as standalone diagnostic tests, best practice is
for independent clinical validation of the diagnostic performanceofthe test kit
compared vith an existing validated protocol for the gold-standard as well as local
level verification in the setting in which the test will be used. Given the current
requirement for rapid deployment, this may be on the basis of truncated validation
run involving fewer samples, with risk mitigated by enhanced surveillance of test
performance.

‘Some of the test kits can be used in platforms with a higher degree of automation,
requiring less manual manipulation, less reagent and that are amenable to batch
testing, thereby facilitating shorter turnaround times and a higher throughput of

tests. Advantages of test kits suitable for use on existing platforms include that the
platforms are already deployed in a number of the hospital laboratories, and there is
a level of multidisciplinary experience and confidence in their use

As described In Section 4, the performance of RT-PCR is instrument-dependent, and
influenced by the reaction components and conditions. Rapid PCR test kits with
optimised target regions and primer sequences increase the speed and convenience

of PCR to support timely and accurate diagnosis, but upscaling of testing with the
use of rapid PCR kits must leverage from existing laboratory resources to optimise
the expansion of testing. Optimised throughput and diagnostic performance of the
PCR test kits presented in this section rely on the availabilty of reagents, primer
sequences and automated systems.
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specificity ranged from 98% to 100%. In antibody tests for single IgM detection,
clinical sensitivity ranged from 88% to 94% and clinical specificity ranged from 96%
to 100%.

Analytical sensitivity (limit of detection) was reported by only one manufacturer at
3.4 ng/mL and 210 ng/mL for IgG and IgM, respectively. Only one manufacturer
reported no cross-reactivity with human influenza A and B viruses, anti-respiratory.
syncytial virus, anti-adenovirus, hepatitis B virus antigen, anti-Treponema pallidum,
anti-helicobactor pylori, anti-human immunodeficiency virus, and anti-hepatitis C
Virus.) The others did not comment on the potential for cross-reactivity.
Manufacturer-specific data are presented in (Appendix B, Tables B3 and 84) and in
forest plots in Appendix B (Figures B1-83).

Othertests (antigen and microfluidic chips)

Two other manufacturer-claimed CE-marked tests for diagnosisofCOVID-19 were
identified — an antigen rapid assay and a microfiuidic chip." 1% Turnaround for
these tests was 10 minutes for the antigen test and 40 minutes for the microfluidic
chip. Sensitivity and specificity were not reported by the manufacturers. Further
detailsofthese tests are presented in Appendix B, Table BS.
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7. Discussion

“The assessment was undertaken as a rapid assessment within very restricted
timelines and in the context of a global pandemic of a new pathogen in humans. It
therefore differs from a standard health technology assessment in its scope and the
approaches adopted to synthesising the available evidence.

In particular, while a systematic review of the literature is routinely used in HTA to
‘assess diagnostic test accuracy, this approach was not adopted in this rapid
assessment as such a review was considered premature. SARS-CoV-2 is a novel
pathogen in humans first detected in December 2019. Literature published in the
first four months of this year are primarily in the form of case reports and case
Series; the majority of the publications have not as yet undergone peer-review. The
findings of the studies should therefore be interpreted with caution and will require

confirmation using larger more robust study designs.

“This preliminary review is therefore limited to manufacturer-reported evidence for
the performance characteristicsoftests they claim are CE-marked. It therefore may
be subject to bias. As noted in Section 6, prior to their introduction as standalone
diagnostic tests, test kits require independent validation and verification for use at a

local level.

Pre-analytical vulnerabilities, independent clinical validation and quality
assurance

While there has been substantial discussion of the steps necessary to ensure to
validate the test accuracy of the individual tests deployed, it must also be
highlighted that the pre-analytical phase can be a major source of errors in
diagnostic testing. To mitigate such risks, training and quality assurance procedures
are required to ensure that test samples are appropriately identified and reported
(that is, right result, right patient), and to ensure adequate procedures for correct
specimen (for example, swab) collection, handiing, transport, and storage.

The results of formal clinical validation studies for commercialised, CE-marked, rapid
diagnostic tests funded by the European Commission and EU member states and by
WHO referral laboratories are awaited. Until the clinical performance of these tests,

in particular rapid diagnostic tests based on antigen detection and host antibody
detection, has been validated, the WHO has strongly advised against their use in any
setting other than a research setting. Making the distinction between the analytical
performance and the clinical performance of diagnostic tests, performance criteria
for RT-PCR, antigen-based and antibody-based tests have been published in a
working document of the European Commission to provide additional guidance to
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the legally obligatory requirements defined in the IVDR to inform research in this
area.(® These riteria are based on the principles of good analytical (testing)
practice. The working document notes the current absence of control samples and
reference materials as a particular challenge to establishing the diagnostic test
‘accuracy of antigen and antibody tests.) The WHO and ECDC have noted that they
will update their guidance on the use of diagnostic testing approaches used in
laboratories or as near-patient tests in line with the findings from these validation
studies. However, the requirement for additional validation studies to confirm that
this test performance can be replicated in the context in which they are being used
must be emphasised. Given the current requirements for rapid deployment of CE-
marked devices, this validation may be conducted on the basis of a truncated
validation run involving fewer samples, with risk mitigated by enhanced surveillance
of test performance.

While adequate test accuracy and precision may be achieved under idealised
circumstances in the laboratory, these may be negatively impacted when used as
near-patient tests. Appropriate staff training and use of robust standardised
operating procedures may be required to moderate these sources of error. Tn
accordance with existing Irish guidelines for the safe and effective management and
use of near-patient (point-of-care) testing, such testing should be performed in the
context of an ongoing quality assurance programme to ensure adequate
performance of the tests in the context in which they are being used and provide
confidence in the test results for both the diagnosing physician and the patient.
Consideration should also be given to a requirement that all testing should be 1SO-
accreditable, including meeting requirements in relation to internal quality control,
quality assurance and the recording of training and test results.

Operational utility and potential deployment of different diagnostic testing
approaches

The potential operational utility of different molecular and immunological testing
approaches was described in detail in Section 4. A clear distinction was drawn
between tests that can be used to diagnose acute infection and those that indicate
past exposure to the virus.

RT-PCR remains the most sensitive and specific validated method for detection of
cases. However, as noted in Section 2.6, negative test results do not preclude SARS-
COV-2 infection and cannot be used as the sole basis for patient management
decisions. Discrepancies between the analytical performance and the clinical
performance of an assay may arise due to pre-analytical issues as highlighted above
and due to the impact of differences in viral dynamics over the course of an
infection. Specifically, false negative test results may occur if samples are tested
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during the early incubation period or during the late convalescent phase, when virus
levels may be undetectable. Differences in viral dynamics over the course of an
infection may also contribute to discordance between test results based on different
specimens (upper versus lower respiratory tract). High test sensitivity is clinically and
epidemiologically relevant because asymptomatic and mild cases of COVID-19 have
been increasingly recognised. While clinical severity is not always correlated with
viral load, asymptomatic and mild cases may have viral loads below the limit of
detection of certain tests. The true prevalence of SARS-CoV-2 infection might be
underestimated by less sensitive assays. Patients with false negative results may
serve as a potential source for propagating the pandemic.

‘The use of rapid antigen tests to facilitate early diagnosis of acute infection with
‘SARS-CoV-2 to facilitate patient triage and cohorting and or to alleviate pressure on
laboratory testing s consistent with approaches adopted in international clinical
guidelines for the diagnosis of seasonal influenza. Such guidelines note that where
there is access to RT-PCR assays, these are considered the preferred test on the
basis of diagnostic test accuracy with the recommendation that antigen detection
tests should only be used to rule-in suspected cases. All negative test results should
be confirmed by RT-PCR or molecular methods with comparable accuracy.
The role of antibody testing to identify those previously exposed to SARS-CoV-2 was
discussed in detail in Section 4. As noted, its operational utility of antibody testing
can be considered in the context of three potential scenarios: patient level testing
(to inform clinical management); cohort testing to inform staff deployment (for
‘example, immunity passports); and population-level seroepidemiological studies to
inform public health strategies.

The use of patient-level testing and population-level seroepidemiological testing are
well documented in healthcare. However, the use of antibody testing to Inform staff
deployment is an unprecedented, but potentially necessary step given the extreme
pressures on the healthcare system and the economic ramifications of the current
COVID-19 global pandemic. Notwithstanding this, deployment of antibody testing in
this context has extremely important implications for both the administration and
reporting of tests as well as well as the overall governance of any testing strategy.
“This is particularly the case given the uncertainty around the potential for re-
infection with the same or a different antigenic strain of the SARS-CoV-2 virus. As
highlighted in Section 4, prior to deployment, consideration should be given to who
will be responsible for:

* providing the antibody test and in what setting wil it be provided

+ decision-making in relation to the staff redeployment
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+ follow up of the individual to ensure community immunity in the context of an
‘ongoing pandemic or evidence of the emergence of new strains of the virus.

Furthermore, itis noted that how, where, and by whom any testing to inform staff
redeployment is implemented could also have important implications for how the
veracity of an individual's test result is ensured given the financial imperative for
many individuals to return to work.
Implications of the IVD Regulation (IVDR 2017/746/EU) for IVDs
including near-patient testing devices

All IVDs including those for near-patient testing are subject to EU Regulation
2017/746 on In Vitro Diagnostic Devices (the IVDR) which came into force at the
end of May 2017. The Regulation has a staggered transitional period, with full
application after five years (May 2022). The regulation wil replace the existing IVD
directive (98/79/EC) and is intended to strengthen the current regulatory system by
providing:

+ clearer requirements regarding clinical data for IVDs, and their assessment;

= more specific product requirements, such as unique identifiers for IVDs;

+ improved pre-market assessment and post-market surveillance of all high-risk
devices;

+ increased control and monitoring of Notified Bodies by the National
Competent Authorities and the Commission;

+ more stringent requirements for near-patient tests;

+ enhanced traceability for IVDs.

Oneofthe key changes under the IVR relates to the conformity assessment
procedures required of manufacturers prior to an IVD being placed on the market.
Requirements vary based on the risk classification of the device, that is, for low risk
(Class A) up to high risk (Class D). Assessment and certification by a notified body
will be required for those IVDs in Classes B, C, and D. Class A devices placed on the
market in a sterile condition shall also require notified body involvement, limited to
the sterile aspectsofthe product. Devices for near-patient testing are classified in
their own right under Rule 4(b) of Annex VIII of the IVDR.

Depending on the intended purpose specified by the manufacturer, SARS-CoV-2
near-patient test devices wil likely be in Class D. This representsa significant
change to the existing regulatory system, where the majority of IVDS are self-
declared by the manufacturer rather than being assessed by a notified body.
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Detailed requirements for the performance evaluation of IVD are outlined in the
IVDR. The performance evaluation will comprise data on the scientific validity,

analytical performance and dlinical performance of the device. Under the IVDR, IVDs
for near-patient testing must perform appropriately for their intended purpose taking
into account the skillsofthe intended user and the potential variation in the user's
technique and environment, with sufficient information provided in order for the user

to be able to correctly interpret the result provided. It is recognised that the
enhanced regulatory burden arising from implementation of the IVDR may impact
the number and range of IVDs on the market.

The Health Products Regulatory Authority (HPRA) is designated as the Competent
Authority for medical devices and IVDs in Ireland. Its role is to ensure that all

medical devices sold into the Irish market comply with the relevant legislation. This
means that a medical device must achieve the performance criteria specified by the
manufacturer and in doing so must not compromise the health and safety of
patients, service providers and any other persons. In its role as the competent
authority, the HPRA operatesa vigilance system for medical devices. Vigilance issues
include adverse incidents and field safety corrective actions (FSCAS).

8. Conclusions

This assessment was undertaken as a rapid HTA within very restricted timelines and

in the context of an evolving global pandemic of a new pathogen in humans. It
therefore differs from a standard HTA in its scope and the approaches adopted to
synthesising the available evidence. Evidence to support the analytical performance
of diagnostic tests for SARS-CoV-2 will continue to emerge. Evidence will also
emerge to support the clinical effectiveness and safetyof different testing strategies
to inform patient care and the public health response to COVID-19. Revisions to any

national testing strategy may be required as the evidence evolves. In time, a full
HTA that takes consideration of the cost-effectiveness, resource considerations and
budget impact of alternative testing strategies may be required to ensure the best
outcomes for the resources available.

Bearing in mind the caveatsof the approach adopted, and arising from the findings
of this report, the following conclusions can be drawn:

+ Diagnostic tests for SARS-Cov-2 can be broadly grouped into two categories:
those aimed at detecting the virus and those that detect the body's immune
response to the infection (past exposure to the virus). These should not be
considered competing alternatives; both testing approaches are dinically

relevant at different time points during the clinical course of infection.
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+ The ability of any diagnostic test to achieve an acceptable clinical
performance is contingent on it being performed within the appropriate
timeframe for the condition in question (right test, right time, right person),
with due consideration of the principles of good pre-analytical and analytical
testing practice.

+ Real-time PCR is the preferred method to detect SARS-CoV-2 RNA and to
confirm acute infection early in the dinical course of COVID-19 disease. To
increase diagnostic testing capacity, efforts are underway to develop
enhanced molecular methods with reduced turnaround times and
instrumentation requirements and higher throughput.

+ Antigen detection tests could be used to supplement current laboratory-based
real-time RT-PCR case detection. However, analytical and clinical validation of
these tests is needed to inform their safe and effective use in clinical decision-
making.

+ Contingent on the availabilty of accurate, validated tests, antibody tests could
be used later in the clinical course of infection or following recovery to identify
those who have been exposed to SARS-CoV-2. While the use of antibody tests
to provide immunity passports’ has been proposed in the literature, litle is
known about the adequacy of the immune response or the duration of
immunity, and so it is not known if reinfection can occur. The primary role of
antibody tests is likely to be as part of well-constructed seroprevalence
studies to model the course of the pandemic and inform the public health
response.

+ Work is currently underway to validate the analytical performance of the
different diagnostic tests. Prior to their introduction as standalone tests,
clinical validation studies are also required to confirm that test performance
can be replicated in the context in which the test is being used. Al testing
should be undertaken in the context of an ongoing quality assurance
programme to provide confidence in the test results for bath the physician
and the patient.

+ A cohesive national strategy is needed to ensure the right tests are
undertaken in the right people at the right time for the right purpose. This is
necessary to ensure appropriate governance of SARS-CoV-2 testing and
should include clear criteria for the administration and reporting of tests.
Planning now to support delivery of the strategy wil faciltate rapid
deployment of tests that meet the requisite standards once available and
validated for use.
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Subject; Thought Piece

Dear team,

1 would be grateful to receiveyourfeedback by the end of this coming week, Friday, Apri 24.

Thank you, and have a great weekend!

Kelvin
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Office of Science and Technology Policy
The White House
Washington, DC 20502
(202) 456-444
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ANDREESSEN HOROWITZ Q
Softuae s Eaiog ha World

by Marc Andreessen

autonomouscas& ones = £0 « Innovaten clusters = BOIKY+ big COMPANY InNAVaLON + how 1novaton happen «

Every Wester institution was unprepared for the coronavirus pandemic, despite many prior
warnings. This monumental failure of institutional effectiveness will reverberate for the rest of the
decade, but its not too early to ask why, and what we need to do about it

Many of us would like to pin the cause on one political party or another, on one goverment or
another. But the harsh reality is that it all failed — no Western country, or state, or city was prepared
— and despite hard work and oftenextraordinary sacrifice by many people within these institutions.
So the problem runs deeper than your favorite political opponent or your home nation.

Part of the problem is clearly foresight, a failure of imagination. But the other part of the problem is
what we didn't do” in advance, and what we're failing to do now. And thatis a failure of action, and
specifically our widespread inability to “build

We see this today with the things we urgently need but don't have. We don't have enough
coronavirus tests, ortest materials — including, amazingly, cotton swabs and common reagents. We
don't have enough ventilators, negative pressure rooms, and ICU beds. And we don't have enough
surgical masks, eye shields, and medical gowns — as | write this, New York City has put outa
desperate call for rain ponchos to be used as medical gowns. Rain ponchos! In 2020! In America!

We also don't have therapies or a vaccine — despite, again, years of advance warning about bat-
borme coronaviruses. Our scientists will hopefully invent therapies and a vaccine, but then we may
1162 com202004181kvo w
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ansan0 TSTIME TO BULD-Ansessenoz.
not have the manufacturing factories required to scale their production. And even then, we'll see if
we can deploy therapies or a vaccine fast enough to matter —it took scientists 5 years to get
regulatory testing approval for the new Ebola vaccine after that scourge’s 2014 outbreak, at the cost
of many lives.

In the U.S. we don't even have the ability to get federal bailout money to the people and
businesses that need it. Tens of millions of laid off workers and their families, and many milions of
small businesses, are in serious trouble ight now, and we have no direct method to transfer them
money without potentially disastrous delays. A government that collects money from all ts citizens
and businesses each year has never built a system to distribute money to us when it's needed most.

Why do we not have these things? Medical equipment and financial conduits involve no rocket
science whatsoever. At least therapies and vaccines are hard! Making masks and transferring
moneyare not hard. We could have these things but we chose not to — specifically we chose not to
have the mechanisms, the factories, the systems to make these things. We chose not to “build.

You don't just see this smug complacency, this satisfaction with the status quo and the unwillingness
10 build, in the pandemic, or in healthcare generally. You see it throughout Western life, and
specifically throughout American fife.

You see it in housing and the physical footprintofour cities. We can't build nearly enough housing in
our cities with surging economic potential — which results in crazily skyrocketing housing prices in
places like San Francisco, making it nearly impossible for regular people to move in and take the
jobs of the future. We also can't build the cities themselves anymore. When the producers of HBO's
“Westworld® wanted to portray the American cityofthe future, theydidn't film in Seattle or Los
Angeles or Austin — they went to Singapore. We should have gleaming skyscrapers and
spectacular living environments in all our best cities at levels way beyond what we have now; where
are they?

You see it in education. We have top-end universities, yes, but with the capacity to teach only a
microscopic percentage of the 4 million new 18 year olds in the US. each year, or the 120 million
new 18 year olds in the world each year. Why not educate every 18year old? Isn't that the most
important thing we can possibly do? Why not build a far larger number of universities, or scale the
ones we have way up? The last major innovation in K-12 education was Montessori, which traces.
back to the 1960s; we've been doing education research that's never reached practical deployment
for 50 years since; why not build a lot more great K-12 schools using everything we now know? We

otia162com20200418 voie n
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Every step of the way, to everyone around us, we should be asking the question, what are you
building? What are you building directly. or helping other people to build, or teaching other peaple
to build, or taking care of people who are building? If the work you're doing isn't either leading to
something being built or taking care of people directly, we've failed you, and we need to get you
intoa position, an occupation, a career where you can contribute to building. There are always
outstanding people in even the most broken systems — we need to get all the talent we can on the
biggest problems we have, and on building the answers to those problems.

Iexpectthis essay tobe thetarget of criticism. Here's a modest proposal to my critics. Instead of
attacking my ideasofwhat to build, conceive your own! What do you think we should build? There's
an excellent chance I'l agree with you.

Our nation and our civilization were buitt on production, on building. Our forefathers and
foremothers built roads and trains, farms and factories, then the computer, the microchip, the
smartphone, and uncounted thousands ofother things that we now take for granted, that are all
around us, that define our lives and provide for our well-being. There is only one way to honor their
legacy and to create the future we want for our own children and grandchildren, and that's to build.

audio version:

IT'S TIME TO BUILD

api, 2020

SUBSCRIBE TO OUR NEWSLETTER!

srs ]
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Related Stories

The Journey from O to 1, from Mosaic to Netscape
with Marc Andreessen and Mike Maples jr

al62 Podcast: The Environment, Capitalism, Technology
with Andrew McAfee, Marc Andreessen, and Sonal Chokshi

What It Will Take to Create the Next Great Silicon Valleys, Plural
by Marc Andreessen

conact

Jobs

Bretngs

Toms of Use& Privacy

Cont

2020 Ancreessen Horowke

Montescom202008etnee wr
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RE: Draft invitation to university presidents and chancellors

From: “Nichols, Lisa M. EOP/OSTP(ETSI

Katsios, MichaelJ. EOPIOSTP"[NOI ‘Sony. Sean
To: c. EoPIoSTP [SSH \Vi'son,MattB. EOP/OSTP"

meas

Date: Thu,30 Apr2020 06:56:50 0400

ARON tu for UnversityPresidentsdocx (25.59 8)

Hi Michael,

Lisa

From: Kratios, MichaelJ. EOP/OsTP(EEG
Sent: Wednesday, Apri 29, 2020 10:28 AM
To:Nichols, Lisa W. 07/051?{BTN>Sony,Sean C. EOP/OSTP
rrrI —Subject: RE: Draft invitation to university presidents and chancelors

Below email is great!

Thanks again!

From: Nichols, Lisa M. EOP/0TP(SET
Sent; Wednesday, April 29,2020 1021 AM
To: Kratsios, MichaelJ.£0p/05TP(EESY¢onyun, Sean C. EOP/OSTP.

1



(HET;vison, at:0. €07/0STe [ENESubject RE: Drath nvitationto unveraty presents and chaneelrs

From: Kratsios, MichaelJ. E0P/0sTP(EG)
Sent Wednesday, Ap 29, 202058 AM
To:Nichols, LisaM. E0P/0STP JBENIYSonyun, SeanC. EOP/OSTP
[HET ison, at: 5. 07/051» NOSubiect: RE: Dat invitation o university presidents and chancellors

EE
From: Nichols, Lisa M. E0P/0STP(EET
Sant Wednesday, Api 29, 2020908AM
To: Kratsios, MichaJ. £0P/OST>(BBMNcory»,Sean C. EOP/OSTP
{NET vison, Vat: 5. €07/OSTe BNOSublet Dat inwtation to univers presidents nd <hancelors

Michael, Sean and Mati,

ra

2



Kelvin

Lisa Nichols, Ph.D.
Assistant Director for Academic Engagement
OfficeofScience and Technology Policy.
Executive Officeof the President

3



DRAFT-DELIBERATIVE April 30,2020
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DRAFT-DELIBERATIVE April 30,2020
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DRAFT-DELIBERATIVE April 30,2020
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DRAFT-DELIBERATIVE April 30,2020
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RE: Draft invitation to university presidents and chancellors

From: “Nichol, Lisa M. E0P/0STP"(NEI

Katsios, Michael J. EOPIOSTP"[HEI ‘Sony. Sean
To: c. EoPioSTP"[ESI *\Vi'son,MattB. EOP/OSTP"

(EXETI——0. 05TP CoM [ENE
Date: Sun,03May 2020 09:14:27 0400

AMBEAMENS  otup forUnversity Presidents. MKC RN docx (26.69KB)

Thanks,
usa

From: Kratsios, MichaelJ. EOP/0STP(BG
Sent: Thursday, April 30, 2020 10:24 AM
To: Nichols, Lisa M. E0P/0ST?(BNESI©onyn, Sean C. EOP/OSTP
(EBT;zor, Mat 5. E0P/0ST»(BET 0.
05TP COMMSEEN
Subject: RE: Draft invitation to universitypresidents and chancelors

Thanks!

From: Nichols, Lisa M. EOP/0sT(BEI
Sent: Thursday, April 30, 2020 7:00 AM
To: Kratsios, MichaelJ. EOP/OSTP| Bonyun,SeanC. EOP/OSTP

(VETSison, Matt 5. EOP/OSTPSubject:RE: Draft Invitation to universitypresidents and chancellors

HiMichiel,

1



isa

From: Kratsios, Michael J. EOP/OST{B/N
‘Sent: Wednesday, April 29, 2020 10:28 AM
To: Nichols, Lisa M. E0P/0ST?(BEN Goryun, Sean C. EOP/OSTP
(EE;zon, Matt 5. E005»(EYEE
Subject: RE: Draft invitation to university presidents and chancellors

Below emails peat!
Thanksagain!

From: Nichols Lisa M. E0P/05TP{BEY
Sent: Wednesday, April 29,2020 1021 AM
To: Kratsios, MichaelJ. EOP/OSTP| JBonyun,SeanC. EOP/OSTP

(GH ison, Matt B. EOP/OSTISubject: RE: Draft invitation to university presidents and chancellors

From: Kratsios, MichaelJ. £07/OsTHE GI
Sent: Wednesday, April 29,2020 9:58 AM
To: Nichols, sa M. EOP/0ST?(SBT Sonu», Sean C. EOP/OSTP
(VET;-on, Vit . 07/051SHENSubject: RE: raft vation to university presidents and chancellors

Eei

From: Nichols, Lisa M. EOP/0STP(EET
Sent: Wednesday, April 29,2020 5,08 AM
To: Kratsios, Michael. £0p/05TP(BB ME €onyun,SeanC. EOP/OSTP

2



[UCT ison, Mot .cor/05T+ (NOSubject Daf invitation to univer residents ond chances
Michael Sean nd Mat;

usa
Dear Presidents and Chancellors,

Sincerely.

Kelvin

Lisa Nichols, Ph
sistant Director for Academic Engagement
Office af Since and Technology Polley
Buecutive Ofcof the President
BE
Ee—

.



DRAFT-DELIBERATIVE May, 2020
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DRAFT-DELIBERATIVE May, 2020
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DRAFT-DELIBERATIVE sayz, 2020
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DRAFT-DELIBERATIVE May, 2020

4



RE:(BS)

Wiatsos, MichaelJ £0P/OSTPEG
From es
ER
“Torres,Alec C. EOP/OSTP"(EET Hernandez.ElenaR.

To: £0Pi0STP-[BCH ‘ici, Ethan A. EOPOSTP
EE

ce Parker Lyme€ £0P0STPHET
Date: Wd, 06 May 2020 1051430400
Atachments
: tooncovEET

Forgot add ym (see atached)

iL
Thanks!

From: Kratsios, MichaelJ. EOP/OSTP
Sent Wednesday, May 6, 2020 1030 A
Yo: Torres, Alec C. £OP/0STP(BGI Hernande:, Elena 7. FOP/OSTP
NET itn A. 07/051(ON
Subject:BIBI—
sis fantastic!

From: Torres, Alec C. EOP/0STP(BEI
Sent: Wednesday May 6 2070 10:18 AM
To: Hernandes, lena . 0%/05TP EHS 3s. ichacl). EOP/OSTP

[HET I, Ethan A £0°/0STGEIS
SubjectDBT

1



This emails a dellerative email

From: Hernandez, Elena R. EOP/05TP(SETI
Sent: Wednesday, May 6, 2020 8:19 AM
Tos Kratsios, MichaelJ. E0F/0ST»(EEN «Ici, EthanA. EOP/OSTP
OEE
Cc Torres, Alec C. EOP/0STP(EEN
Subject:(BENT

Good morning
thankyou!

From: Kratsios, Michael. £0P/sTP (EH
Sent: Wednesday, May 6, 2020 8:07 AM
Tos Kein,Ethan A.£0P/05T?(BEI
Cai Torres, AlecC.EOP/OSTP Herandez, Elenai. EOP/OSTP

Subject:

2
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