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Many-Persons-To-1-Test-Kit Infectious Disease Screening—
Abridged Version 

Hiok-Nam Tay (hioknam@yahoo.com)

ABSTRACT

COVID-19 has forced many cities and countries to restrict commerce and movement of people, 

causing unprecedented loss of economy. Protracted lockdown may become unavoidable as health 

authorities have no means to isolate all infected individuals because existing testing capacities are 

very small compared with entire populations.

We propose here a new screening methodology that greatly expands the size of the screened cohort 

beyond given testing capacity. This is an abridged version of the full multiplier grid (MG) 

methodology that has been submitted to MedRxiv.

With expanded screening cohort size, entire highrise residential complex can be screened 20X 

faster, and the same test capacity can screen 20X as many residential complexes. The same 

methodology can be applied to factories, villages, towns, university campuses, office towers, cruise 

ships, etc. The exact multiplier varies between target populations and can be larger.

Background

During an epidemic (e.g. COVID-19), screening a population—e.g. residents of a highrise housing 

complex—followed by isolating all the infected individuals, is the only means to quickly halt 

spread of the disease and to open up economic activities. However, the high cost of test kits and 

often their shortage, besides the limited number of skilled diagnostic lab workers and limited lab 

equipment time often makes this impossible. 

This problem urgently needs to be solved—not merely to halt advance of the disease, but to shrink 

it down to full eradication rapidly in order to re-open economic activities that have been shut down 

by the epidemic.                            

Economizing Use of Test Kits 

By Basic Units Of Population

Summary: In this section, we propose a new screening methodology. We propose to 

(1) identify the basic unit of clustering in a population,

(2) screen first by the basic unit to find out which basic unit is infected; and finally

(3) screen individuals within infected basic units to identify the infected individuals.

We propose that this methodology can expand the size of screened cohort by a factor approximately 

equal to the average number of individuals that constitute the basic unit using the same testing 

capacity, e.g. 6X for a village where the average household has 6 persons, and 12X for a workers 

dormitory that averages 12 workers/room.                                                                              
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Basic Unit: In most populations there are intrinsic clustering of people, where there is far more 

sharing of touched surfaces and/or breathing space and/or water between individuals within the 

same cluster than across clusters. Those shared media are channels of infectious disease 

transmission that transmits more efficiently within the basic unit than between any two random 

basic units. Examples are condominium complex, dormitory, army camp, office tower, cruise ship, 

school, shopping mall.                                                                                 

Efficiency: Infection tends to cluster by the individual basic unit because the shared breathing space 

and/or touched surfaces and/or water allows infectious disease to spread easily between individuals 

within   the   same   basic unit than across different basic units  . 

It is therefore more efficient to first identify which basic units are infected—after all, the entire 

basic unit needs to be quarantined anyway, and only second to test individuals within the infected 

basic units to identify individuals who need treatment. In this way, precious testing resources are 

not wasted on screening individuals from uninfected basic units.                                              

The Procedures: To identify the infected basic units, samples (e.g. sputum) from all members of 

the basic unit are pooled together and—where necessary—concentrated in a microconcentrator and 

centrifuged to reduce the volume of the sample pool to fit into the sample volume size of 

commercial virus/pathogen extraction kit and then sent for reaction. Microconcentrators can easily 

concentrate by a factor of 100X in about 15 minutes.                                                                             

Examples: For example, in a highrise housing complex of 20 storeys of 10 units/storey and average 

6 inhabitants/unit, the total number of individuals is 20*10*6 = 1,200 but the number of the basic 

units is only 200. So, instead of consuming 1,200 test kits and taking proportionately longer time, 

only 200 test kits and proportionately 1/6 of lab manpower and equipment time are needed to 

determine which units have infected individuals. Subsequently, only the individual samples from 

only a handful of those infected units need be separately tested. More importantly, the same test 

resources can be used to screen  6X as many individuals as before.

Other examples:

1. For a cruise ship, several people share a cabin, and the cabin is the basic unit. 

2. For an office tower, the basic unit can be workers sharing a cubicle. 

3. For schools, the basic unit is the pupils sharing the same classroom as well as their teachers, 

or, even smaller, the section within the classroom according to seating positions.                     

4. For a village or town, the inhabitants of each house form the basic unit.                                   

Concentrating Pooled Sample Fluids

Exception: In types of the sample in which the pathogen density is very high, such as the sputum of 

COVID-19 carrier (above 1E3/mL for two weeks after onset of symptom), there is no problem 

detecting the pathogen from 50 individuals each contributing 20uL(i.e. 1/50 of 1mL)  to a pool of 

1mL, which is subsequently sent for purification (using magnetic bead technology) to 20uL 

followed by taking merely 5uL (i.e. 1/4) for a reaction, because each reaction will receive on 

average 5 copies of the pathogen, which is more than enough for qRT-PCR.
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When: Where the pathogen copy number in 1mL is low, like for swabs after the 1st week after 

symptom onset, the amount taken from the individual sample cannot be substantially below 1mL. In 

this situtation, in order for the final pooled sample volume to come to 400uL, it is necessary to use 

microconcentrator and centrifuge to filter out excess water from the pooled sample. 

Microconcentrator: The microconcentrator is a one-time use consumable that performs 

ultrafiltration when centrifuged. Inside the microconcentrator, a filter with pores much smaller than 

viruses lets solvents flow through but retains virus particles and stops when a given amount of fluid 

is left in the filter (i.e. it stops itself from drying up). 60 to 100X concentration is possible. Various 

starting volume (0.5, 2, 4, 15mL; outside diameters 11, 16, 23, and 30mm) are available. Various 

sizes of the pores (rated by NMWL) too—100kDa is commonly used for coronavirus. Search terms 

“coronavirus NMWL” turn up numerous research reports that uses microconcentrators to reduce the 

volume of sample fluid before virus purification and qPCR reaction. Examples of commercial 

products are 

• Amicon Ultra-15 [15mL, Ø29.7mm, 121mm](Case of 96 for $1,216) 

• Centricon Plus-20 [20mL] (£300/8pcs) 

• Macroprep[20mL]

• VivaSpin 20[20mL](pack of 48 for $545)). 

https://www.sigmaaldrich.com/life-science/protein-sample-preparation/protein-concentration/

amicon-ultra-centrifugal-filters/15-ml.html. 

https://www.sigmaaldrich.com/life-science/protein-sample-preparation/protein-concentration/non-

clinical-samples/centriprep.html 

https://www.fishersci.com/shop/products/emd-millipore-amicon-ultra-15-centrifugal-filter-units-15/

p-4902700.                                                                                  

By Primary Shared Transmission Channel

In a population, between the basic unit as described above, there is often clustering between basic 

units that shares medium of disease transmission (air, surfaces, water). Disease tends to spread more 

easily between basic units within the same cluster than across different clusters. 

An example is the highrise residential complex where units on the same floor form a cluster due to 

shared touched surfaces such as elevator buttons, to floor surfaces that inhabitants on the same floor 

walk on and thus bring pathogens under their shoes back to their respective dwelling units, and to 

exhaled air in the shared corridor from infected neighbors. Another example is the village where 

neighbors along the same villge road mingle. Still another example is the office tower where office 

workers on the same floor share the same restroom and touch the same door knobs and water 

faucets not to mention air that may have been contaminated in the restroom.

It is therefore even more efficient to identify which cluster has the infection before working on 

narrowing down to which basic unit does. The more economical approach, like discussed for the 

basic unit above, is to further pool samples from the pooled samples from all basic units, and where 

necessary concentrate the sample pool, purify, and send for reaction. After that, only pooled samples 

from basic units that belong to clusters that test positive need to go for purification and reactions.
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In the earlier example of the highrise housing complex of 20 storeys of 10 units/storey and average 

6 inhabitants/unit, the cluster is the floor. With 20 storeys, there are only 20 further pooled samples 

to concentrate, purify, and send for reaction. Only floors that test positive will have basic units on 

those floors go through concentration, purification and reaction. And, finally, only those basic units 

that test positive will have individual samples from them purified and tested individually. If only 

one or two floors have the infection, the saving is another 10 to 20X. Altogether, the savings from 

pooling by the floors and next by the basic unit can yield up to 20*10/6 = 33X saving.                       
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