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Abstract 
Introduction: A low cost, high accuracy, sensitive and specific 
method of detecting SARS-CoV2 and subsequent emergence of 
COVID-19 called the Adstock Test is summarised here. 
Method: The system uses a simple microscope which attaches to 
any standard smartphone and uses the smartphone camera to 
take images of blood samples for automatic analysis. Blood 
samples are taken using a standard diabetic lancet introduced 
into a disposable cuvette. Result: The system allows for the 
possibility of daily or weekly low volume blood testing at the 
cost of a few cents per test. Test accuracy has previously been 
found to be in excess of 98.7%, with a sensitivity which detects 
and predicts infection up to two weeks earlier than PCR. 
Conclusion: Given the high availability of smartphones 
worldwide, this creates the possibility of a reagent-free test not 
just for COVID-19 and future waves and mutants, but for other 
viral pandemics using the characteristic leukocyte differential 
count (CDLC) combined with platelet measurements. Key 
Words: SARS-CoV2, COVID-19, RT-PCR, IgG, IgM, Testing, 
Pandemic, Smartphone, Low Volume Blood Test. 

Introduction 
Universal testing has been proposed as a method of ending 
lockdown and preventing recurrence of future waves of both 
COVID-19 and future pandemics (1-3). It is the most effective 
and certain way of ending lockdown and stopping the future 
propagation of the virus and the resulting economic damage 
(4-7). However, to do that there would need to be the ability to 
test every individual in a whole country daily or weekly (3). 
Limitations due to cost, specifically lab facilities, staff and 
expensive materials such as reagents, limited supply of reagents, 
and limited supply of expensive and complex test equipment 
such as flow cytometers, make this approach extremely difficult 
without advances in technology. Here we report a new 
technology which would enable this approach, called the 
Adstock Test, and would allow complete control of the 
COVID-19 spread in any country that implemented such a 
process. Furthermore, it would also completely control the entry 
and exit of the virus into the country by monitoring at every 
entry point and every exit point on borders, airports and ports. 
To do this a very different approach needs to be taken than the 
existing ones. 

What is needed is a well-established mass screening program is 
to meet several needs: first, it should provide the result in a few 
seconds, it should be easily delivered anywhere including at 
home, members of the public should be able to perform it in a 
simple way also, and it should be non-invasive, repeatable and 

reliable. Here we report on a method that meets all these criteria 
to end lockdown and is about to go into mass testing in Italy. 

The different effect of SARS-CoV2 on monocytes has only 
recently been recognised as a key part of the characterisation of 
the body’s early response to SARS-CoV2 (8). Monocytes are 
unique as they present pathogens to the T-cells so that the 
pathogens may be recognised. It is in this role that the 
monocytes are differentially stimulated prior to the appearance 
of symptoms of COVID-19. Because monocytes have a 
relatively long life, they form a long term marker for the 
presence of SARS-CoV2 infection. The eosinophils are less 
reliable markers in general as the count fluctuates through the 
day, seasonally and during menstruation (9). They are the 
predominant inflammatory cells in allergic reactions. It is 
possible that related reactions are the reason for their change in 
levels during SARS-CoV2 infections . Although not part of the 
leukocyte differential count, platelets have a central role in 
innate immunity, initiating and participating in multiple 
inflammatory processes (8, 10). They clearly show an indicative 
role in SARS-CoV2 infection (11), which taken with the 
characteristic leukocyte differential count has a highly predictive 
effect. 

The concept of a smartphone blood test has been mooted 
previously and the UK government has indicated that it is 
prioritising low volume blood testing using a smartphone device 
for COVID-19 testing. However, most smartphone blood test 
devices are dependent on detecting specific antibodies which 
raises the cost of individual tests. Using a smartphone as a cheap 
microscope and then automatically analysing the images derived 
combines known technologies to enable the CLDC test to be 
carried out on a mobile platform at a cost of a few pence per 
test. The test would be available to anyone who has access to a 
smartphone anywhere in the world. 

Methods 
Smartphone microscopy (12, 13) can be utilised to carry out a 
full blood count using automatic cell counting software and 
simple add-on optics for a standard smartphone (14, 15). No 
additional electronic components are needed as the smartphone 
flash can provide light. Combined with automated cell analysis 
(16-18), this creates a simple, robust, low-cost system which 
allows prediction of SARS-CoV2 and the emergence of 
COVID-19 at a high degree of sensitivity and specificity. 

Prototype devices made for this study were 3D printed using 
nylon PA12-MJF to create a robust, flexible camera housing 
which would clip directly onto the smartphone and contain a 
high dioptre secondary lens to enable macro photography, 
allowing the standard smartphone camera optics to focus on the 
microscope slide. Unique features included a relatively wide 
angle of view allowing large numbers of cells to be counted in 
order to ensure that sufficient leucocytes were included for 
analysis, a universal mount geometry which allows the 
smartphone’s own camera to back illuminate the sample, 
internal baffles which control scattered light and give the 
potential for phase contrast illumination, an integrating 
hemisphere which catches light from large range of smartphone 
flashes and creates even back illumination. 

The resulting field of view allowed a four millimetre section of 
the slide to be expanded to fill the 4000 pixels of the smartphone 
camera chip (19). This gave a theoretical pixel resolution of 
approximately 1 micron. This is close to the theoretical limit of 
illumination set by the wavelength of the illuminating light and 
the Nyquist frequency. However due to the line spread function 
of the lenses, both the smartphone lens and the closeup lens, it is 
expected that the resolution is somewhat lower than this. 
Typically, single-element close-up lenses produce images with 
severe aberrations, but this can be offset by using lenses 
composed of achromatic doublets which are capable of 
producing excellent images, with fairly low loss of sharpness. 
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Owing to the relatively close objective to sample ratio compared 
with the size of the lens, thick lens theory for complex lenses is 
used to calculate the resulting compound lens characteristics 
(20, 21). 

The resulting system is capable of resolving human erythrocytes 
which vary between 6.2 and 8.2 microns in diameter a thickness 
of 2- 2.5 microns. Leukocytes are typically substantially larger 
and it is these that are the main targets for our measurement 
systems. To prevent the need for complex optics, the clip on the 
microscope was designed in such a way that the camera flash 
would provide backlighting by use of an optical plenum 
chamber, which acts as an integrating sphere gathering the light 
from the flash and channelling it so that it goes through the 
sample slide. Use of a simple, hydrophilic coated sample cuvette 
(22), which acts as a closed and contained slide and draws blood 
into it by capillary action, allows simple, reliable sampling with 
a known sample volume, which is measured using the camera 
optics. The images gathered by the system are then analysed by 
an app on the smartphone to identify the proportion of cell types 
present in each sample. This Comparative Leucocyte 
Differential Count, CLDC, is then sent to an AI (23) that has 
learned (and continues to learn) the relative ratios of leucocytes 
in populations that subsequently test either positive or negative 
in RT-PCR testing. It combines these in a non-linear, 
dynamically-changing model to predict the occurrence of 
COVID-19 in a specific sample (8). Populations are expected to 
show variation in this ratio not just for age and gender but also 
for ethnicity and genetic background (24), allowing more 
accurate prediction where these factors are available. 

Validation & Discussion 
As discussed earlier, prior studies (8) revealed that a 
combination of leukocyte monocyte ratios with the platelet 
levels combined through both a neural network and heuristic 
process were able to predict the occurrence of COVID-19 up to 
98.67% prediction of positives with a p-value smaller than 
0.001. The test was specific against a list of twenty other viral 
pathogens with no false positives and detected and predicted the 
outcome of COVID-19 up to two weeks earlier than RT-PCR 
tests. The test needed no special reagents or antibodies which 
meant there was no limit to scaling in terms of the number that 
could be carried out each day on a national or global basis.  

The differences measured are not a simple linear relationship or 
ratio between cell types which is why they are not widely known 
to pathologists and haematologists or previously published. 
They are however readily replicated using a complex heuristic 
and neural net. 

This has very substantial implications for the future ability to 
implement a system for global viral screening for COVID-19 
future waves, and for other viral pathogens that may emerge. 
What is needed is a simple, portable method of carrying out this 
testing, as described in this publication. 

A validation study is planned aimed at identifying the 
asymptomatic individuals who, unwittingly, can spread 
SARS-CoV-2 infection and pose a threat to public health. 

Validation of SARS-CoV-2 infection will be made by 
identifying the viral RNA in samples collected through a 
nasopharyngeal swab or other respiratory samples. This 
technique, however, has several limitations for its application in 
a mass screening, among which the most important ones are the 
time necessary for the diagnosis, the crowding of those centers 
appointed to analyze the specimens, and the non-negligible risk 
of viral transmission to the healthcare workers. 

Test subjects will be recruited at the Clinic Laboratory of 
Diagnostica Medica Spa in Avellino (Campania), Italy. Subjects 
at both low and high risk of Sar-Cov-2 infection will be tested: 
The highest risk groups being subjects who have had direct 

contact with infected patients followed by healthcare workers, 
patients hospitalized for reasons other than COVID-19 or other 
infectious diseases. Subjects will undergo the nasopharyngeal 
swab procedure for the diagnosis of SARS-CoV-2 infection.  

At the same time of the nasopharyngeal swab procedure in the 
morning, each recruited subject will be also tested by CLDC. 
The outcome assessors are blinded, since the results of the 
rRT-PCR analysis require at least 6 hours before being 
available. Research personnel will administer a questionnaire on 
COVID 19 symptoms and risk factors. 

Subjects testing positive at CLDC test but negative at the swab 
will undergo on a voluntary basis new swab testing after two, 5 
and possibly 8 days if still negative. 

Independent blinded clinicians through real-time reverse 
transcription (rRT)-PCR, analyzed the nasopharyngeal swab 
accordingly to the International guidelines. 

Full Blood Count (FBC) will be analyzed through a 
point-of-care device connected to the smart-phone (the 
Medichain CLDC2 smartphone microscope or Adstock & 
Bletchley Tests). The date of first infection with SARS-CoV-2 
should be estimated and recorded with the rationale for the 
observation recorded in a text field. 

Two versions of the Medichain CLDC2 smartphone microscope 
will be provided. The devices, which clip onto a standard 
smartphone will be used to analyse drops of blood of 
approximately 1µl smeared on a microscope slide or cuvette and 
(version 1 - Bletchley Test)) stained with pre-loaded Giemsa 
stain and viewed with one device or  (version 2 - Adstock Test) 
illuminated in phase-contrast mode. Images will then be sent 
from the devices to Medichain for analysis on servers in the UK 
and manual cross-checking. Testing will be done for each 
subject on the two separate Adstock and Bletchley devices to 
validate the two methods (with and without reagents). 

Then a preparatory algorithm Athena S3ER capable of 
measuring input specific FBC parameters analyzes data from 
this result and returning an output; taking into account abnormal 
occurrence in numbers of specific FBC parameters at the onset 
of infection.  

A time series of Adstock & Bletchley tests will be carried out on 
patients on a daily basis from the first possible contact data to 
determine the sensitivity of tests at each time interval after the 
initial infection. 

Nasopharyngeal swab analysis. Samples will be subjected to 
viral thermal inactivation for 1 minute at 90 °C. RNA extraction 
from the nasopharyngeal swab will be performed with the 
Abbott sample Preparation System (Promega Corporation) and 
an automated extraction system (Extraction m2000SP, Abbott 
Molecular). The extracted RNA will be amplified with 
GeneFinderTM COVID19 Plus RealAmp PCR kit 
(ELITechGroup), a one-step rRT-PCR system targeting 
SARS-CoV-2 RdRp, E, and N genes. All recruited subjects will 
undergo the nasopharyngeal swab, thus Partial verification bias 
will be absent. The CLDC test and nasopharyngeal swab 
procedures will be performed at the same moment to avoid 
disease progression bias. Being the CLCD test and the 
nasopharyngeal swab analyzed by independent blinded 
clinicians, information bias will be avoided when interpreting 
the rate-PCR results of the swabs. The index test is completely 
independent of the reference test, so to avoid the Incorporation 
bias. Inconclusive results will be recorded. 

Sample size and statistical analysis. 

The incidence of positivity for COVID-19 is presently estimated 
at 15% in the general population and 20% in high-risk people. 
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Therefore, we estimate to found between 150 and 200 positive 
in a population of 1000 subjects at different risk of infection.  

We considered that a sample size of 1000 with a prevalence of 
15% of positive nasopharyngeal swabs would suffice to estimate 
a sensitivity of around 0.75 with a precision of 0.15 for the 95% 
confidence interval and a power of 0.8. 

Conclusions 
The system allows weekly testing or even daily testing where 
required and allows central monitoring, if required, to allow 
health authorities to determine exactly where new outbreaks are 
occurring and to issue digital certificates allowing individuals 
who are being tested to indicate whether they are free from 
SARS-CoV2 or not.  

It also integrates with modelling systems already in use and 
those under development for pandemic spread by allowing a live 
data feed to be introduced into such systems. Combined with 
ISO13485 Class 2a and CE IVD category C approval it can also 
be combined with track and trace programs, as well as these 
other models, to give accurate live data and to create a granular 
and detailed timely model of the spread of pandemics, both of 
COVID-19 and of future pandemics. 
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Figure 1 

1. Spring clip allows attachment to multiple smartphone 
types 

2. Optical Plenum or Integrating Sphere controls back 
scatter of camera flash to illuminate slide or cuvette 
from behind 

3. Apertures allowing light from flash to enter Optical 
Plenum or Integrating Sphere. Internal baffles reduc 
glare and allow for phase contrast illumination where 
appropriate. 

4. Macro lens or macro lens complex 
5. Alignment and lens cleaning slot in clip 
6. Location of slide or cuvette entry into device 

  



 

Figures 2-5 

Illustrations of the microscope attached to a Samsung 
smartphone (figures 2 and 3) and an iPhone 11 (figures 4 and 5) 
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