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Disclaimer
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are made as an integrated review of current evidence available from  multiple sources. �e bulk 

of the information is taken from major scienti�c journals and other relevant publications. 

APRNWORLD® made every reasonable e�ort to cite these resources appropriately however, 

may have omissions made inadvertently due to the vast and generic nature of the scienti�c 

information available. APRNWORLD® does not hold copyright of any of such information. 

�e copyright of such information belongs to the speci�c author/ publisher or their legal 

designee. Even though we made every reasonable e�ort in ensuring the quality and correctness 

of  information, APRNWORLD® does not bear the responsibility of the accuracy of the infor-

mation as it was taken from publicly available sources. �e education material is meant for 

licensed professionals with a solid body of knowledge, experience and understanding of 

complex medical scenarios. �e material presented here does not replace sound scienti�c and 

up-to-date guidelines from professional sources. Because of the dynamic nature of medical and 

scienti�c advancements, these training materials should not be used as the sole basis for medical 

practice. Individual practitioner should exercise their critical thinking and clinical reasoning 

skills in dealing with complex medical scenarios. APRNWORLD® does not bear any responsi-

bility for the claims that the information presented through its platforms caused injury or 

unwanted outcomes in any clinical situations.
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Point-of-care (POC) diagnostic tests pro-
vide an opportunity to get clinically rele-
vant information at the point-of-use, with-

Need Assessment 

Goal

�e goal of this article is to discuss the cur-
rent trends in point of care testing and 
monitoring - from ambulatory to critical 
care settings - and its impact on healthcare. 
�e article also discusses the pros and cons 
of technology deployment for point of care 
testing

Point of Care Testing (POCT)

Point-of-care (POC) 
diagnostic tests provide 

clinically relevant informa-
tion at the point-of-use, 

without the need for 
sample processing or 

analysis from a remote 
clinical chemistry labora-
tory. �e blood glucose 
meter, used for the man-
agement of diabetes, and 
the home pregnancy test 
(dipstick) are the most 

popular examples

®

Describe the importance of point of 
care testing in present healthcare 
settings
Describe Pros and Cons of Technology 
Deployment for Point of Care Testing
Identify the de�nition of point of care 
testing
Describe the current trends in point of 
care testing
Discuss the Impact of Quanti�cation 
Tests in POCT

Objectives 

out the need for sample processing or anal-
ysis from a remote clinical chemistry labo-
ratory. �e review of POCT includes the 
observations which shows the evidents 
regarding application of POCT will �ll the 
gap between the funding needed to support 
the health system and also it reveals 
evidents of technological advancement of  
POCT, its application, current trends,  pros 
and cons of  POCT, and also information 
regarding quanti�cation of  POCT and its 
challenges.  
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Poor health conditions shorten peoples’ 
lives and undermine their quality of life. 
�ese conditions also limit economic and 
social development by reducing ‘human 
capital’ and generating health costs. More 
broadly, long and healthy lives are impor-
tant indicators for societal well-being. 
Within industrialized nations there is a 

Fig 1:  Di�erent types of Point of Care Testing Devises in Use

challenge of increasing demand, typically 
arising from an aging population, rising 
costs and decreasing resources. 
Point-of-care (POC) diagnostic tests pro-
vide clinically relevant information at the 
point-of-use, without the need for sample 
processing or analysis from a remote clinical 
chemistry laboratory. 

Point of Care Testing (POCT)

�e blood glucose meter, used for 
the management of diabetes, and 
the home pregnancy test (dipstick) 
are the most popular examples (As 
shown in �g.2). However, recent 
advances in micro�uidics com-
bined with the decreasing cost and 
size of advanced electrochemical 
and optical sensors have broadened 
the range of applications for POC 
diagnostics. For example, these 
advances have made possible the 
burgeoning �eld of POC diagnos-
tics for resource-limited settings, 
such as developing nations. [12, 
Rank 2] 

Introduction 

®
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�e Importance of 
Point of Care Testing (POCT) 

Poor health conditions shorten peoples’ 
lives and undermine their quality of life. 
�ese conditions also limit economic and 
social development by reducing ‘human 
capital’ and generating health costs. More 
broadly, long and healthy lives are impor-
tant indicators for societal well-being. 
Within industrialized nations there is a 

• Point-of-Care Testing (POCT) that 
is easy to use and interfaces with medical 
records or a broader health surveillance 
system,
• It has the potential to dramatically 
alter disease burdens through home-testing 
or self-testing.
• Patients who may avoid seeking med-
ical care for a stigmatized condition could 

Fig 2: Clinical decision making process of Point of Care Testing

challenge of increasing demand, typically 
arising from an aging population, rising 
costs and decreasing resources. 
Point-of-care (POC) diagnostic tests pro-
vide clinically relevant information at the 
point-of-use, without the need for sample 
processing or analysis from a remote clinical 
chemistry laboratory. 

Point of Care Testing (POCT)

perform testing without having to report 
to a public health center or physician’s 
o�ce.
• Simple, standard interfaces for 
POCT results, could overcome some of the 
traditional barriers to widespread adoption 
by allowing for testing in the most conven-
ient and medically appropriate location, at 
the point of need.
• Most chronic disorders—such as 
cancer, metabolic disease, cardiovascular 
disease, diabetes and dementia the disease 

process starts decades earlier before it 
appears symptomatically. Identifying indi-
viduals at the earliest stage of their disease 
will completely change the therapeutic par-
adigm and transform the way that health 
care is delivered.
• �is will help to ensure focused 
attention on sustaining health rather than 
treating late stage-patients with sympto-
matic disease. 
• �ere is also an opportunity of inno-
vation through development of new models 
of person-centered community-based 
health delivery. 
• �is allow decentralization of care 
from traditional secondary care providers, 
such as hospitals [5, Rank 4]

�e blood glucose meter, used for 
the management of diabetes, and 
the home pregnancy test (dipstick) 
are the most popular examples (As 
shown in �g.2). However, recent 
advances in micro�uidics com-
bined with the decreasing cost and 
size of advanced electrochemical 
and optical sensors have broadened 
the range of applications for POC 
diagnostics. For example, these 
advances have made possible the 
burgeoning �eld of POC diagnos-
tics for resource-limited settings, 
such as developing nations. [12, 
Rank 2] 
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De�nition of 
Point of Care Testing 

Point-of-care testing (POCT) is de�ned as 
laboratory testing conducted close to the 
site of patient care. Various POCT kits have 
been used for years (eg, blood glucose, urine 
ketones, pregnancy). However, new 
research and discussions about POCT focus 
on the use of new technologies that can test 
for blood coagulation times, blood gas 
composition, cardiac enzyme pro�les, 
standard electrolytes, and the presence of 

• Point-of-Care Testing (POCT) that 
is easy to use and interfaces with medical 
records or a broader health surveillance 
system,
• It has the potential to dramatically 
alter disease burdens through home-testing 
or self-testing.
• Patients who may avoid seeking med-
ical care for a stigmatized condition could 

Point of Care Testing (POCT)

perform testing without having to report 
to a public health center or physician’s 
o�ce.
• Simple, standard interfaces for 
POCT results, could overcome some of the 
traditional barriers to widespread adoption 
by allowing for testing in the most conven-
ient and medically appropriate location, at 
the point of need.
• Most chronic disorders—such as 
cancer, metabolic disease, cardiovascular 
disease, diabetes and dementia the disease 

process starts decades earlier before it 
appears symptomatically. Identifying indi-
viduals at the earliest stage of their disease 
will completely change the therapeutic par-
adigm and transform the way that health 
care is delivered.
• �is will help to ensure focused 
attention on sustaining health rather than 
treating late stage-patients with sympto-
matic disease. 
• �ere is also an opportunity of inno-
vation through development of new models 
of person-centered community-based 
health delivery. 
• �is allow decentralization of care 
from traditional secondary care providers, 
such as hospitals [5, Rank 4]

infectious entities including in�uenza, 
human immunode�ciency virus (HIV), 
hepatitis C, and group A streptococcus. 
�ese tests are increasingly being admin-
istered by trained sta� in hospitals, clin-
ics, and other professional health-care 
settings, including pharmacies. Rapid 
advances in testing technology including 
the development of easy-to-use portable 
health-monitoring devices means, that such 
testing can now be done by individuals with 
little or no training and in virtually any 
setting, including a patient’s home.
With the ongoing evolution in POCT, 
numerous concerns have arisen about the 
quality and accuracy of the tests, compara-
bility between multiple tests for the same 
endpoint. For example, each test may be 
internally consistent but provide di�erent 
absolute values, making longitudinal data 
more di�cult to evaluate if the same manu-
facturer is not used each time. Interpreta-
tion of the results, how to use the results for 
clinical decision-making, and whether and 
how to include the results in a patient’s 
medical record are some of the other practi-
cal concerns. Although performing a 
point-of-care test may be done in many 
settings, optimal use of the generated data 
requires appropriate interpretation of the 
results and communication among the 
multidisciplinary health-care team and 

with the patient. Communication among 
these stakeholders with di�erent levels of 
understanding of human physiology, bio-
chemistry, disease, and test characteristics 
o�ers multiple opportunities for misun-
derstanding, a concern that is compound-
ed when patients are self-testing. In terms 
of education, it is important that pharma-
cists become knowledgeable about the me-
chanics and data of POCT and are able to 
communicate this information to patients 
and other health-care providers. [17,Rank 
4]  
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Advanced Technology

Pros and Cons of  
Technology Deployment 
for Point of Care Testing

Point-of-care testing (POCT) is de�ned as 
laboratory testing conducted close to the 
site of patient care. Various POCT kits have 
been used for years (eg, blood glucose, urine 
ketones, pregnancy). However, new 
research and discussions about POCT focus 
on the use of new technologies that can test 
for blood coagulation times, blood gas 
composition, cardiac enzyme pro�les, 
standard electrolytes, and the presence of 

Based on the increased �delity of read-out, 
digital detectors o�er the potential to �ll the 
diagnostic gap between ultrasensitive mo-
lecular ampli�cation tests and qualitative 
POC tests, by promising both direct and 
sensitive measurement of health biomark-
ers. Key challenges in translating from a 
laboratory instrument requiring manual 
operation by a skilled operator to an auto-
mated tool for diagnostic applications 
include stringent calibration and charac-
terization requirements. [16, Rank 5]

Rapid technological improvement in 
mobile phone connectivity and function-
ality and increased global market penetra-
tion has opened new avenues in biomedi-
cal research, education and applications. 
�ese improvements have been accompa-
nied by an explosion in new sensing mo-
dalities that are enabled by batch-fabrica-
tion of complex transducers on a single 
chip(As shown in �g.3)

Point of Care Testing (POCT)

infectious entities including in�uenza, 
human immunode�ciency virus (HIV), 
hepatitis C, and group A streptococcus. 
�ese tests are increasingly being admin-
istered by trained sta� in hospitals, clin-
ics, and other professional health-care 
settings, including pharmacies. Rapid 
advances in testing technology including 
the development of easy-to-use portable 
health-monitoring devices means, that such 
testing can now be done by individuals with 
little or no training and in virtually any 
setting, including a patient’s home.
With the ongoing evolution in POCT, 
numerous concerns have arisen about the 
quality and accuracy of the tests, compara-
bility between multiple tests for the same 
endpoint. For example, each test may be 
internally consistent but provide di�erent 
absolute values, making longitudinal data 
more di�cult to evaluate if the same manu-
facturer is not used each time. Interpreta-
tion of the results, how to use the results for 
clinical decision-making, and whether and 
how to include the results in a patient’s 
medical record are some of the other practi-
cal concerns. Although performing a 
point-of-care test may be done in many 
settings, optimal use of the generated data 
requires appropriate interpretation of the 
results and communication among the 
multidisciplinary health-care team and 

Rapid technological 
improvement in mobile 
phone connectivity and 
functionality as well as 
their increased global 

market penetration has 
opened new avenues in 

biomedical research, edu-
cation and applications

with the patient. Communication among 
these stakeholders with di�erent levels of 
understanding of human physiology, bio-
chemistry, disease, and test characteristics 
o�ers multiple opportunities for misun-
derstanding, a concern that is compound-
ed when patients are self-testing. In terms 
of education, it is important that pharma-
cists become knowledgeable about the me-
chanics and data of POCT and are able to 
communicate this information to patients 
and other health-care providers. [17,Rank 
4]  
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�e growth of such complementary tech-
nologies has resulted in new and exciting 
mobile phone-based point-of-care sensors. 
Mobile phone functions that are key to the 
development of point-of-care systems 
include: sensors (camera, microphone, 

Point of Care Testing (POCT)

Fig 3: Process of Pont of Care Testing in a single chip 

Figure 4: Mobile phone functions that are key to the 
development of Point of Care Testing  POCT

etc.), communication (Bluetooth, Wi-Fi, 
cellular, etc.), sophisticated multi-touch 
user interface, enhanced battery, huge data 
storage and processing capacities.(As shown 
in �gure 4)[19, Rank 3]

In the early days of western medicine, 
health care was delivered primarily in the 
patient’s home and what limited testing 
available was provided directly at this local 
point of care. As the science and technology 
of medicine developed rapidly in the mid- 
to late twentieth century, care shifted to 
hospitals with an emphasis on treating inju-

ries and curing acute disease. At this time, 
centralized laboratories were established for 
the analysis of numerous patient samples 
using standardized techniques and complex 
equipment. As technology improved, auto-
mation was added, further standardizing 
the results.
Today, ongoing research is identifying an 
increasing number of disease biomarkers, 
and additional tests for these biomarkers are 
continually being developed. Furthermore, 
there is an increased emphasis on wellness 
and preventive activities as evidenced by the 
rapid expansion of �tness trackers, which 
are e�ectively point-of-care tests, and some 
of these have the ability to measure rather 
sophisticated clinical endpoints. �is 
potential is being exploited by the develop-
ment of smart phone apps designed to col-
lect data to promote healthier behaviors. 
Despite the extensive marketing and use of 
such devises, research continues to be 
inconclusive regarding the health and eco-
nomic value of such advancements. [2, 
Rank 3]
Technological drivers of POCT for con-
sumer medicine(As shown In �g.9) include 
advances in assay automation, low cost sen-
sors, and instrument miniaturization, as 
well as access to cloud computing. Howev-
er, while many routine laboratory tests pro-
vide critical information about a patient’s 
health status, tests are sometimes ordered 
just because they are available, and new 

tests are sometimes implemented without 
adequate justi�cation for their prognostic 
or economic value. Nevertheless, as the 
technology advances, opportunities are 
being seized by manufacturers to make 
POCT available directly to consumers, a 
scenario that will undoubtedly a�ect care 
providers through patient purchases, ques-
tions, and requests for clinical services. [1, 
Rank 1]
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Mobile phones house an array of sensors 
ranging from cameras operating in visible 
and infrared spectrum to microphones and 
proximity sensors. Each sensor is a valuable 
source for collecting information that can 
be tapped into for point-of-care applica-
tions. Practically all newer generations of 
mobile phones contain built-in high resolu-
tion cameras that are capable of detecting 
amplitude (brightness) and wavelength 

Point of Care Testing (POCT)

Fig 5: Process of Point of Care Testing using a smartphone

(shade of color) of incident light with high 
accuracy. �ey operate by projecting inci-
dent light using a lens on a rectangular 
array of micron scale photo-sensors that 
detect light in the visible spectrum. Follow-
ing data processing and enhancement, 
information from a single or a group of 
adjacent photo-sensors is stored as a single 
pixel in the �nal image.(As shown in �g.5) 

In the early days of western medicine, 
health care was delivered primarily in the 
patient’s home and what limited testing 
available was provided directly at this local 
point of care. As the science and technology 
of medicine developed rapidly in the mid- 
to late twentieth century, care shifted to 
hospitals with an emphasis on treating inju-

ries and curing acute disease. At this time, 
centralized laboratories were established for 
the analysis of numerous patient samples 
using standardized techniques and complex 
equipment. As technology improved, auto-
mation was added, further standardizing 
the results.
Today, ongoing research is identifying an 
increasing number of disease biomarkers, 
and additional tests for these biomarkers are 
continually being developed. Furthermore, 
there is an increased emphasis on wellness 
and preventive activities as evidenced by the 
rapid expansion of �tness trackers, which 
are e�ectively point-of-care tests, and some 
of these have the ability to measure rather 
sophisticated clinical endpoints. �is 
potential is being exploited by the develop-
ment of smart phone apps designed to col-
lect data to promote healthier behaviors. 
Despite the extensive marketing and use of 
such devises, research continues to be 
inconclusive regarding the health and eco-
nomic value of such advancements. [2, 
Rank 3]
Technological drivers of POCT for con-
sumer medicine(As shown In �g.9) include 
advances in assay automation, low cost sen-
sors, and instrument miniaturization, as 
well as access to cloud computing. Howev-
er, while many routine laboratory tests pro-
vide critical information about a patient’s 
health status, tests are sometimes ordered 
just because they are available, and new 

tests are sometimes implemented without 
adequate justi�cation for their prognostic 
or economic value. Nevertheless, as the 
technology advances, opportunities are 
being seized by manufacturers to make 
POCT available directly to consumers, a 
scenario that will undoubtedly a�ect care 
providers through patient purchases, ques-
tions, and requests for clinical services. [1, 
Rank 1]
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Evidence based

Researchers developed a molecular diagnos-
tic point-of-care system that processed a 
sample using the mobile phone’s �ashlight 
to excite �uorescence dye and consequently 
the camera was utilized to measure average 
�uorescence reaction light intensity in real 
time. �e system used a water triggered 
exothermal reaction to regulate temperature 
and took advantage of a custom-made 
micro�uidic chip for ampli�cation. �is 
system was reportedly capable of consist-

Point of Care Testing (POCT)

Researchers developed a molecu-
lar diagnostic point-of-care 

system that processed a sample 
using the mobile phone’s �ash-
light to excite �uorescence dye 

and consequently the camera was 
utilized to measure average �uo-
rescence reaction light intensity 
in real time. �e system used a 

water triggered exothermal reac-
tion to regulate temperature and 

took advantage of a cus-
tom-made micro�uidic chip for 

ampli�cation

ently detecting as few as 
100 copies of herpes sim-
plex virus type 2 per 
sample. Infrared cameras 
operate using the same 
mechanism as visible 
light cameras, with the 
key di�erence being that 
the photo-sensors are 
made sensitive to infrared 
light (longer wavelength). 
[22, Rank 2] 
Infrared cameras detect 
temperature pro�le of objects and, due to 
the higher penetration depth of infrared 
light compared to visible light, they have 
the capability of visualizing subsurface 
features. Infected wounds exhibit a charac-
teristic temperature pro�le even in cases 

where the infection exists in the underlying 
tissue of a closed wound. Researchers have 
developed a non-invasive point-of-care 
system that analyzes thermal images pro-
duced by an auxiliary infrared camera of a 
mobile phone and successfully diagnosed 
infected closed wounds.
Presently, microphones used in mobile 
phones are almost exclusively silicon micro 
electro mechanical system (MEMS). In 
MEMS microphones, a suspended 
micro-structure de�ects as a function of the 
amplitude and frequency (pitch) of incom-
ing acoustic pressure waves. �is de�ection 

is then converted to an 
electric signal using either 
capacitive or piezoelectric 
transduction. �e air�ow 
into and out of the respira-
tory system generates 
acoustic waves that can be 
detected by mobile phone 
microphones making the 
respiratory track a test 
subject for this class of 
point-of-care systems. An 
example of such a system 
correlates the spectrum of 

respiration sound to �ow rate of air, which 
can then be used for diagnosis of respiratory 
conditions, including asthma, chronic 
obstructive pulmonary disease (COPD), 
and cystic �brosis. [23, Rank 3]
 

In the early days of western medicine, 
health care was delivered primarily in the 
patient’s home and what limited testing 
available was provided directly at this local 
point of care. As the science and technology 
of medicine developed rapidly in the mid- 
to late twentieth century, care shifted to 
hospitals with an emphasis on treating inju-

ries and curing acute disease. At this time, 
centralized laboratories were established for 
the analysis of numerous patient samples 
using standardized techniques and complex 
equipment. As technology improved, auto-
mation was added, further standardizing 
the results.
Today, ongoing research is identifying an 
increasing number of disease biomarkers, 
and additional tests for these biomarkers are 
continually being developed. Furthermore, 
there is an increased emphasis on wellness 
and preventive activities as evidenced by the 
rapid expansion of �tness trackers, which 
are e�ectively point-of-care tests, and some 
of these have the ability to measure rather 
sophisticated clinical endpoints. �is 
potential is being exploited by the develop-
ment of smart phone apps designed to col-
lect data to promote healthier behaviors. 
Despite the extensive marketing and use of 
such devises, research continues to be 
inconclusive regarding the health and eco-
nomic value of such advancements. [2, 
Rank 3]
Technological drivers of POCT for con-
sumer medicine(As shown In �g.9) include 
advances in assay automation, low cost sen-
sors, and instrument miniaturization, as 
well as access to cloud computing. Howev-
er, while many routine laboratory tests pro-
vide critical information about a patient’s 
health status, tests are sometimes ordered 
just because they are available, and new 

tests are sometimes implemented without 
adequate justi�cation for their prognostic 
or economic value. Nevertheless, as the 
technology advances, opportunities are 
being seized by manufacturers to make 
POCT available directly to consumers, a 
scenario that will undoubtedly a�ect care 
providers through patient purchases, ques-
tions, and requests for clinical services. [1, 
Rank 1]
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User Convenience

Improved communication 
technology and infrastructure

Improved mobile phone communication 
technology and infrastructure has made it 
possible for fast, reliable, secure, accessible 
data transfer between mobile phone-based 
point-of-care systems and the network (As 
shown in �g.6
). At its most basic form, communication 
between mobile phone-based point-of-care 
systems and the network, enables transmis-
sion of the �ndings. However, given the 
reality of current 4G and Long-Term Evo-

Point of Care Testing (POCT)

Figure 6 : Bene�t of communication in mobile phone 
based Point of Care Testing (POCT)

 Figure 7: Sample collection for mobile ELISA

Communication 
in mobile phone 

based POCT

Fast

Accessible 
data transfer

Reliable

Secure

lution (LTE) technology and next genera-
tion 5G connectivity, mobile phone-based 
point-of-care systems are no longer limited 
to the in-built mobile phone data process-
ing and storage capabilities. �ey have near 
real-time access to the signi�cantly larger 
computational and data storage capacity of 

remote servers. In addition to the above 
functionalities, mobile phones o�er 
researchers a sophisticated and accessible 
hardware platform for software implemen-
tation, user interaction and an energy 
source for low power point-of-care systems. 
[26, Rank 5]

User convenience is an important advan-
tage of mobile phone-based biosensors. A 
mobile laboratory-based ELISA that fully 
replicates the functions of a benchtop 
ELISA was tested in the �eld. �e mobile 
ELISA collects whole blood by pricking a 
�nger and simultaneously detects HIV anti-
bodies, treponemal antibodies for syphilis, 
and non-treponemal antibodies for active 
syphilis infections(As shown in �g.7).  

A sample of individuals was tested, with 
97% stating a preference for the mobile 
phone-based sensor compared to the con-
ventional testing method. Additionally, 
95% preferred �nger-prick blood collection 
over the typical venipuncture method.

In the early days of western medicine, 
health care was delivered primarily in the 
patient’s home and what limited testing 
available was provided directly at this local 
point of care. As the science and technology 
of medicine developed rapidly in the mid- 
to late twentieth century, care shifted to 
hospitals with an emphasis on treating inju-

ries and curing acute disease. At this time, 
centralized laboratories were established for 
the analysis of numerous patient samples 
using standardized techniques and complex 
equipment. As technology improved, auto-
mation was added, further standardizing 
the results.
Today, ongoing research is identifying an 
increasing number of disease biomarkers, 
and additional tests for these biomarkers are 
continually being developed. Furthermore, 
there is an increased emphasis on wellness 
and preventive activities as evidenced by the 
rapid expansion of �tness trackers, which 
are e�ectively point-of-care tests, and some 
of these have the ability to measure rather 
sophisticated clinical endpoints. �is 
potential is being exploited by the develop-
ment of smart phone apps designed to col-
lect data to promote healthier behaviors. 
Despite the extensive marketing and use of 
such devises, research continues to be 
inconclusive regarding the health and eco-
nomic value of such advancements. [2, 
Rank 3]
Technological drivers of POCT for con-
sumer medicine(As shown In �g.9) include 
advances in assay automation, low cost sen-
sors, and instrument miniaturization, as 
well as access to cloud computing. Howev-
er, while many routine laboratory tests pro-
vide critical information about a patient’s 
health status, tests are sometimes ordered 
just because they are available, and new 

tests are sometimes implemented without 
adequate justi�cation for their prognostic 
or economic value. Nevertheless, as the 
technology advances, opportunities are 
being seized by manufacturers to make 
POCT available directly to consumers, a 
scenario that will undoubtedly a�ect care 
providers through patient purchases, ques-
tions, and requests for clinical services. [1, 
Rank 1]
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Ful�ls the demands

Diversity

Point of Care Testing (POCT)

Figure 8: Data communication in Point of Care Testing network

In addition to detection of infectious dis-
eases, responders to outbreaks require 
access to standard medical tests in the 
�eld. To ful�l this demand a paper-based 
blood type detector is developed. In this 
sensor, hydrophobic channels treated 
with Anti-A, -B, and -D antibodies were 
printed on a paper substrate. Blood 
reacts di�erently in each channel accord-
ing to its blood type. A visible di�erence 
of the di�erent reactions is the eluting 
lengths of blood in each channel. An 
accompanying app, installed on a smart-
phone, photographs the paper sensor 
and, in a similar way to that of a bar 

Information from diverse sensors can be 
most easily integrated if the sensors inter-
face has a common platform such as a 
smartphone. Recent sensor advances have 
either used smartphones as a platform for 
sensor development or included developed 
technology to rapidly transfer results to a 
smartphone. Additionally, larger portable 
systems (that could be deployed in a public 
health emergency) have wireless communi-

code, analyses the lengths of the bars to 
detect the blood type. �e blood type is 
reported to the user in the form of a text 
message. It was reported that all 8 
ABO/RhD blood types were detectable. 
[6, Rank 4]

cation abilities already integrated and could 
communicate directly with sensor net-
works.
�e data collected from various sensors may 
be diverse and will not necessarily translate 
easily across platforms. However, even 
simple reporting of qualitative identi�ca-
tion (species present or not present) along 
with geospatial information could provide a 
wealth of information about epidemic out-
break and containment when collected 
across a large number of sensors. In addi-
tion to hand-held strategies, the network 
could also include autonomous sensors 
(such as continuous air-sampling from 
drone-mounted mass-spec, or stationary 
surveillance systems) (As shown in 
�g.8)[10, Rank 5]

In the early days of western medicine, 
health care was delivered primarily in the 
patient’s home and what limited testing 
available was provided directly at this local 
point of care. As the science and technology 
of medicine developed rapidly in the mid- 
to late twentieth century, care shifted to 
hospitals with an emphasis on treating inju-

ries and curing acute disease. At this time, 
centralized laboratories were established for 
the analysis of numerous patient samples 
using standardized techniques and complex 
equipment. As technology improved, auto-
mation was added, further standardizing 
the results.
Today, ongoing research is identifying an 
increasing number of disease biomarkers, 
and additional tests for these biomarkers are 
continually being developed. Furthermore, 
there is an increased emphasis on wellness 
and preventive activities as evidenced by the 
rapid expansion of �tness trackers, which 
are e�ectively point-of-care tests, and some 
of these have the ability to measure rather 
sophisticated clinical endpoints. �is 
potential is being exploited by the develop-
ment of smart phone apps designed to col-
lect data to promote healthier behaviors. 
Despite the extensive marketing and use of 
such devises, research continues to be 
inconclusive regarding the health and eco-
nomic value of such advancements. [2, 
Rank 3]
Technological drivers of POCT for con-
sumer medicine(As shown In �g.9) include 
advances in assay automation, low cost sen-
sors, and instrument miniaturization, as 
well as access to cloud computing. Howev-
er, while many routine laboratory tests pro-
vide critical information about a patient’s 
health status, tests are sometimes ordered 
just because they are available, and new 

tests are sometimes implemented without 
adequate justi�cation for their prognostic 
or economic value. Nevertheless, as the 
technology advances, opportunities are 
being seized by manufacturers to make 
POCT available directly to consumers, a 
scenario that will undoubtedly a�ect care 
providers through patient purchases, ques-
tions, and requests for clinical services. [1, 
Rank 1]
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Current Trends in 
Point of Care Testing

POCT Kits

Point of Care Testing (POCT)

Information from diverse sensors can be 
most easily integrated if the sensors inter-
face has a common platform such as a 
smartphone. Recent sensor advances have 
either used smartphones as a platform for 
sensor development or included developed 
technology to rapidly transfer results to a 
smartphone. Additionally, larger portable 
systems (that could be deployed in a public 
health emergency) have wireless communi-

cation abilities already integrated and could 
communicate directly with sensor net-
works.
�e data collected from various sensors may 
be diverse and will not necessarily translate 
easily across platforms. However, even 
simple reporting of qualitative identi�ca-
tion (species present or not present) along 
with geospatial information could provide a 
wealth of information about epidemic out-
break and containment when collected 
across a large number of sensors. In addi-
tion to hand-held strategies, the network 
could also include autonomous sensors 
(such as continuous air-sampling from 
drone-mounted mass-spec, or stationary 
surveillance systems) (As shown in 
�g.8)[10, Rank 5]

In the early days of western medicine, 
health care was delivered primarily in the 
patient’s home and what limited testing 
available was provided directly at this local 
point of care. As the science and technology 
of medicine developed rapidly in the mid- 
to late twentieth century, care shifted to 
hospitals with an emphasis on treating inju-

ries and curing acute disease. At this time, 
centralized laboratories were established for 
the analysis of numerous patient samples 
using standardized techniques and complex 
equipment. As technology improved, auto-
mation was added, further standardizing 
the results.
Today, ongoing research is identifying an 
increasing number of disease biomarkers, 
and additional tests for these biomarkers are 
continually being developed. Furthermore, 
there is an increased emphasis on wellness 
and preventive activities as evidenced by the 
rapid expansion of �tness trackers, which 
are e�ectively point-of-care tests, and some 
of these have the ability to measure rather 
sophisticated clinical endpoints. �is 
potential is being exploited by the develop-
ment of smart phone apps designed to col-
lect data to promote healthier behaviors. 
Despite the extensive marketing and use of 
such devises, research continues to be 
inconclusive regarding the health and eco-
nomic value of such advancements. [2, 
Rank 3]
Technological drivers of POCT for con-
sumer medicine(As shown In �g.9) include 
advances in assay automation, low cost sen-
sors, and instrument miniaturization, as 
well as access to cloud computing. Howev-
er, while many routine laboratory tests pro-
vide critical information about a patient’s 
health status, tests are sometimes ordered 
just because they are available, and new 

tests are sometimes implemented without 
adequate justi�cation for their prognostic 
or economic value. Nevertheless, as the 
technology advances, opportunities are 
being seized by manufacturers to make 
POCT available directly to consumers, a 
scenario that will undoubtedly a�ect care 
providers through patient purchases, ques-
tions, and requests for clinical services. [1, 
Rank 1]
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POCT Devices

Point of Care Testing (POCT)

Figure 9 : Technological drivers of POCT for consumer 
medicine

In the early days of western medicine, 
health care was delivered primarily in the 
patient’s home and what limited testing 
available was provided directly at this local 
point of care. As the science and technology 
of medicine developed rapidly in the mid- 
to late twentieth century, care shifted to 
hospitals with an emphasis on treating inju-

ries and curing acute disease. At this time, 
centralized laboratories were established for 
the analysis of numerous patient samples 
using standardized techniques and complex 
equipment. As technology improved, auto-
mation was added, further standardizing 
the results.
Today, ongoing research is identifying an 
increasing number of disease biomarkers, 
and additional tests for these biomarkers are 
continually being developed. Furthermore, 
there is an increased emphasis on wellness 
and preventive activities as evidenced by the 
rapid expansion of �tness trackers, which 
are e�ectively point-of-care tests, and some 
of these have the ability to measure rather 
sophisticated clinical endpoints. �is 
potential is being exploited by the develop-
ment of smart phone apps designed to col-
lect data to promote healthier behaviors. 
Despite the extensive marketing and use of 
such devises, research continues to be 
inconclusive regarding the health and eco-
nomic value of such advancements. [2, 
Rank 3]
Technological drivers of POCT for con-
sumer medicine(As shown In �g.9) include 
advances in assay automation, low cost sen-
sors, and instrument miniaturization, as 
well as access to cloud computing. Howev-
er, while many routine laboratory tests pro-
vide critical information about a patient’s 
health status, tests are sometimes ordered 
just because they are available, and new 

tests are sometimes implemented without 
adequate justi�cation for their prognostic 
or economic value. Nevertheless, as the 
technology advances, opportunities are 
being seized by manufacturers to make 
POCT available directly to consumers, a 
scenario that will undoubtedly a�ect care 
providers through patient purchases, ques-
tions, and requests for clinical services. [1, 
Rank 1]

Point-of-care devices have been used for 
several decades, but until recently on a lim-
ited basis in the hospital or other acute care 
settings when rapid analysis is sometimes 
needed (eg, in intensive care units for me-
thicillin-resistant Staphylococcus aureus, 
procalcitonin, and rapid diagnostic testing 
for bacteria) and for simple home testing 

such as diabetes and pregnancy. In the 
intensive care environment, POCT can 
improve patient care. For example, serial 
analyses of arterial blood lactate with a 
handheld analyzer, coupled with a speci�c 
management protocol, resulted in a marked 
reduction in mortality for infants and neo-
nates undergoing heart surgery. It also has 
value in diagnosing and treating HIV infec-
tion in resource-constrained countries. 
Recently, the potential advantages of 
POCT for international normalized ratio 
(INR) monitoring led to the development 
of guidelines for its use in patients on oral 
anticoagulant therapy. 
POCT alone is often insu�cient to achieve 
health bene�ts and that changes in care pro-
cesses are also required. However, the 
advances in POCT over the past six years 
indicate a need for additional research to 
address the clinical and economic impact of 
new technologies. Of note, the POCT kits 
used most frequently in the primary care 
setting (blood glucose, urine pregnancy, 
and urine leucocytes/nitrites) only partially 
correspond with the conditions for which 
these physicians would like immediate 
diagnoses. Although there were di�erences 
across countries, there appeared to be a 
need for POCT kits to assist clinicians with 
immediate decisions regarding urgent refer-
rals or treatment. What is not yet clear is 
whether the range of POCT kits becoming 

available – from infectious disease to cho-
lesterol and INR tests – should be per-
formed by health care professionals in vari-
ous settings and what demand individuals 
will have for self-testing and monitoring of 
acute or chronic conditions. [6, Rank 4]
An increasing number of POCT kits and 
devices are available for general use. �ese 
allow patient diagnoses in a pharmacy (eg, 
streptococcal and in�uenza tests), a physi-
cian’s o�ce, an ambulance, at home, or a 
hospital. �e tests may give results directly 
for testing that require sending a sample to 
a central laboratory for analysis with results 
returned to the patient or health-care pro-
vider, often within 24 hours. Assuming the 
results are accurate and interpreted appro-
priately, care can then occur in a timely 
manner.

�ese CLIA regulations led clinical practic-
es to outsource many of their diagnostic 
tests to core laboratories - either regional 
centers like those operated by LabCorp or 
local centers within the hospital. �is work-
�ow is well-suited for tests where the results 
are not needed immediately, as the delivery 
of care would not be changed even if the 
information was immediate. However, 
there is a fairly recent push to perform cer-
tain tests at the POC. Because POC tests 
are portable, they allow for an expedited 
work�ow and potentially shorter turna-
round times. As a result, they carry the 
promise of providing the care giver with 
information at time points that can provide 
improved delivery of care and reduce the 
cost. However, to meet regulations, these 
tests must either be CLIA-waived or users 
of the devices must meet the associated 
standards in an attempt to prevent errors [9, 
Rank 4]
One example of a CLIA-waived, POC test 
is the blood glucose meter. With just a drop 
of blood from a �nger-stick, these devices 

can inform the user of their current blood 
glucose levels and enable them to better 
self-regulate their blood glucose values (As 
shown in �g.10).

 �is self-regulation would not be possible 
if a blood glucose meter for use at the 
point-of-care did not exist. As the demand 
for home-health information continues to 
grow, additional devices are being devel-
oped for home use. �e ability to create 
cost-e�ective, disposable test cartridges that 
can store reagents, direct the �ow of solu-
tions with passive micro�uidics, and auto-
matically read the generated signal leads to 
POC technologies becoming more 
user-friendly. [4, Rank 4]  
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Health-care Related 
Diagnostic Tests

Clinical Laboratory 
Improvement Amendment 

(CLIA) Regulation

Point of Care Testing (POCT)

In the early days of western medicine, 
health care was delivered primarily in the 
patient’s home and what limited testing 
available was provided directly at this local 
point of care. As the science and technology 
of medicine developed rapidly in the mid- 
to late twentieth century, care shifted to 
hospitals with an emphasis on treating inju-

ries and curing acute disease. At this time, 
centralized laboratories were established for 
the analysis of numerous patient samples 
using standardized techniques and complex 
equipment. As technology improved, auto-
mation was added, further standardizing 
the results.
Today, ongoing research is identifying an 
increasing number of disease biomarkers, 
and additional tests for these biomarkers are 
continually being developed. Furthermore, 
there is an increased emphasis on wellness 
and preventive activities as evidenced by the 
rapid expansion of �tness trackers, which 
are e�ectively point-of-care tests, and some 
of these have the ability to measure rather 
sophisticated clinical endpoints. �is 
potential is being exploited by the develop-
ment of smart phone apps designed to col-
lect data to promote healthier behaviors. 
Despite the extensive marketing and use of 
such devises, research continues to be 
inconclusive regarding the health and eco-
nomic value of such advancements. [2, 
Rank 3]
Technological drivers of POCT for con-
sumer medicine(As shown In �g.9) include 
advances in assay automation, low cost sen-
sors, and instrument miniaturization, as 
well as access to cloud computing. Howev-
er, while many routine laboratory tests pro-
vide critical information about a patient’s 
health status, tests are sometimes ordered 
just because they are available, and new 

tests are sometimes implemented without 
adequate justi�cation for their prognostic 
or economic value. Nevertheless, as the 
technology advances, opportunities are 
being seized by manufacturers to make 
POCT available directly to consumers, a 
scenario that will undoubtedly a�ect care 
providers through patient purchases, ques-
tions, and requests for clinical services. [1, 
Rank 1]

Point-of-care devices have been used for 
several decades, but until recently on a lim-
ited basis in the hospital or other acute care 
settings when rapid analysis is sometimes 
needed (eg, in intensive care units for me-
thicillin-resistant Staphylococcus aureus, 
procalcitonin, and rapid diagnostic testing 
for bacteria) and for simple home testing 

Healthcare-related diagnostic tests are an 
integral component of healthcare delivery 
in the US as they currently have a direct 
impact on up to 70% of healthcare-related 
decisions. �is impact has been driven by 
the advances in science and technology of 
the 20th century. Prior to these advances, 
decision making was primarily based on 
patient history and physical examination. 

such as diabetes and pregnancy. In the 
intensive care environment, POCT can 
improve patient care. For example, serial 
analyses of arterial blood lactate with a 
handheld analyzer, coupled with a speci�c 
management protocol, resulted in a marked 
reduction in mortality for infants and neo-
nates undergoing heart surgery. It also has 
value in diagnosing and treating HIV infec-
tion in resource-constrained countries. 
Recently, the potential advantages of 
POCT for international normalized ratio 
(INR) monitoring led to the development 
of guidelines for its use in patients on oral 
anticoagulant therapy. 
POCT alone is often insu�cient to achieve 
health bene�ts and that changes in care pro-
cesses are also required. However, the 
advances in POCT over the past six years 
indicate a need for additional research to 
address the clinical and economic impact of 
new technologies. Of note, the POCT kits 
used most frequently in the primary care 
setting (blood glucose, urine pregnancy, 
and urine leucocytes/nitrites) only partially 
correspond with the conditions for which 
these physicians would like immediate 
diagnoses. Although there were di�erences 
across countries, there appeared to be a 
need for POCT kits to assist clinicians with 
immediate decisions regarding urgent refer-
rals or treatment. What is not yet clear is 
whether the range of POCT kits becoming 

available – from infectious disease to cho-
lesterol and INR tests – should be per-
formed by health care professionals in vari-
ous settings and what demand individuals 
will have for self-testing and monitoring of 
acute or chronic conditions. [6, Rank 4]
An increasing number of POCT kits and 
devices are available for general use. �ese 
allow patient diagnoses in a pharmacy (eg, 
streptococcal and in�uenza tests), a physi-
cian’s o�ce, an ambulance, at home, or a 
hospital. �e tests may give results directly 
for testing that require sending a sample to 
a central laboratory for analysis with results 
returned to the patient or health-care pro-
vider, often within 24 hours. Assuming the 
results are accurate and interpreted appro-
priately, care can then occur in a timely 
manner.

When these tests were �rst used in diagno-
sis, the individual practitioner had a signi�-
cant amount of easiness in timely interven-
tion for the patient. However, the variabili-
ty in quality of these tests ultimately led to 
regulation that mandated how these tests 
were to be performed [24, Rank 5]

�is regulation was primarily enforced by 
the Clinical Laboratory Improvement 
Amendment (CLIA), which established 
regulatory standards for all human-related 
laboratories testing for diagnostic purposes. 
�is was, speci�cally, in response to an 
alarmingly high number of false negative 
results from in-house laboratories. Since its 
enactment, CLIA has required that all labs 
performing diagnostic tests of human sam-
ples must register with the Centers for 
Medicare and Medicaid Services (CMS). 
�e process of registration is based on the 
type of testing that is to be performed, and 
a set of compliance standards are required 
for the given lab classi�cation. �is lab clas-
si�cation is determined by the complexity 
and clinical signi�cance of the testing to be 
performed. �e resulting CLIA require-
ments are more stringent for more compli-

cated tests. 
�e diagnostic tests are scored by the FDA 
using seven independent criteria. �ese 
scores are then summed to determine the 
risk associated with the test. Diagnostic 
tests with scores of 12 or less are in the 
moderate-complexity category. Scores 
higher than that are deemed high-complex-
ity. CLIA de�nes waived-tests to be “simple 
laboratory examinations and procedures 
that have an insigni�cant risk of an errone-
ous result.” Sites that only perform waived 
tests must still have a CLIA certi�cate and 
follow the instructions from the manufac-
turer. [27, Rank 4]

�ese CLIA regulations led clinical practic-
es to outsource many of their diagnostic 
tests to core laboratories - either regional 
centers like those operated by LabCorp or 
local centers within the hospital. �is work-
�ow is well-suited for tests where the results 
are not needed immediately, as the delivery 
of care would not be changed even if the 
information was immediate. However, 
there is a fairly recent push to perform cer-
tain tests at the POC. Because POC tests 
are portable, they allow for an expedited 
work�ow and potentially shorter turna-
round times. As a result, they carry the 
promise of providing the care giver with 
information at time points that can provide 
improved delivery of care and reduce the 
cost. However, to meet regulations, these 
tests must either be CLIA-waived or users 
of the devices must meet the associated 
standards in an attempt to prevent errors [9, 
Rank 4]
One example of a CLIA-waived, POC test 
is the blood glucose meter. With just a drop 
of blood from a �nger-stick, these devices 

can inform the user of their current blood 
glucose levels and enable them to better 
self-regulate their blood glucose values (As 
shown in �g.10).

 �is self-regulation would not be possible 
if a blood glucose meter for use at the 
point-of-care did not exist. As the demand 
for home-health information continues to 
grow, additional devices are being devel-
oped for home use. �e ability to create 
cost-e�ective, disposable test cartridges that 
can store reagents, direct the �ow of solu-
tions with passive micro�uidics, and auto-
matically read the generated signal leads to 
POC technologies becoming more 
user-friendly. [4, Rank 4]  
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Infectious Diseases

Identifying Patient Needs 
for POCT

Point of Care Testing (POCT)

In the early days of western medicine, 
health care was delivered primarily in the 
patient’s home and what limited testing 
available was provided directly at this local 
point of care. As the science and technology 
of medicine developed rapidly in the mid- 
to late twentieth century, care shifted to 
hospitals with an emphasis on treating inju-

ries and curing acute disease. At this time, 
centralized laboratories were established for 
the analysis of numerous patient samples 
using standardized techniques and complex 
equipment. As technology improved, auto-
mation was added, further standardizing 
the results.
Today, ongoing research is identifying an 
increasing number of disease biomarkers, 
and additional tests for these biomarkers are 
continually being developed. Furthermore, 
there is an increased emphasis on wellness 
and preventive activities as evidenced by the 
rapid expansion of �tness trackers, which 
are e�ectively point-of-care tests, and some 
of these have the ability to measure rather 
sophisticated clinical endpoints. �is 
potential is being exploited by the develop-
ment of smart phone apps designed to col-
lect data to promote healthier behaviors. 
Despite the extensive marketing and use of 
such devises, research continues to be 
inconclusive regarding the health and eco-
nomic value of such advancements. [2, 
Rank 3]
Technological drivers of POCT for con-
sumer medicine(As shown In �g.9) include 
advances in assay automation, low cost sen-
sors, and instrument miniaturization, as 
well as access to cloud computing. Howev-
er, while many routine laboratory tests pro-
vide critical information about a patient’s 
health status, tests are sometimes ordered 
just because they are available, and new 

tests are sometimes implemented without 
adequate justi�cation for their prognostic 
or economic value. Nevertheless, as the 
technology advances, opportunities are 
being seized by manufacturers to make 
POCT available directly to consumers, a 
scenario that will undoubtedly a�ect care 
providers through patient purchases, ques-
tions, and requests for clinical services. [1, 
Rank 1]

�is regulation was primarily enforced by 
the Clinical Laboratory Improvement 
Amendment (CLIA), which established 
regulatory standards for all human-related 
laboratories testing for diagnostic purposes. 
�is was, speci�cally, in response to an 
alarmingly high number of false negative 
results from in-house laboratories. Since its 
enactment, CLIA has required that all labs 
performing diagnostic tests of human sam-
ples must register with the Centers for 
Medicare and Medicaid Services (CMS). 
�e process of registration is based on the 
type of testing that is to be performed, and 
a set of compliance standards are required 
for the given lab classi�cation. �is lab clas-
si�cation is determined by the complexity 
and clinical signi�cance of the testing to be 
performed. �e resulting CLIA require-
ments are more stringent for more compli-

cated tests. 
�e diagnostic tests are scored by the FDA 
using seven independent criteria. �ese 
scores are then summed to determine the 
risk associated with the test. Diagnostic 
tests with scores of 12 or less are in the 
moderate-complexity category. Scores 
higher than that are deemed high-complex-
ity. CLIA de�nes waived-tests to be “simple 
laboratory examinations and procedures 
that have an insigni�cant risk of an errone-
ous result.” Sites that only perform waived 
tests must still have a CLIA certi�cate and 
follow the instructions from the manufac-
turer. [27, Rank 4]

POCT can play an important role in both 
the diagnosis and management of speci�c 
diseases. POCT for the rapid identi�cation 
of speci�c pathogens is ongoing. �e need 
for POCT for the early identi�cation and 
management of sepsis is particularly impor-
tant since this is di�cult to diagnose and 
the mortality increases by an average of 8% 
for every undiagnosed hour. In the hospital 
setting, various tests and investigations are 
undertaken when suspecting sepsis in both 

adults and children: these include vital signs 
checks (observations of temperature, blood 
pressure, respiratory rate, pulse oximetry 
oxygen saturation, heart rate and respon-
siveness). 
A full set of routine blood tests can include 
blood count, a chemistry pro�le including 
urea and electrolytes, C-Reactive Protein 
(CRP), and glucose, and a coagulation 
screen. More than 170 biomarkers have 
been reported in the literature for the diag-
nosis of sepsis. However, only the most 
common biomarkers, such as CRP or pro-
calcitonine, can typically be analysed within 
centralised hospital laboratories. �e testing 
of the other biomarkers typically requires 
more specialised laboratories. Other tests 
can include arterial or venous blood gas 
samples, urine output recorded and urine 
sample dipstick test and microbiological 
culture, aerobic and anaerobic microbio-
logical blood cultures, swab of suspected 
wound or respiratory tract/gynaecological 
swabs, chest radiograph. [15, Rank 5]
Some of these can be tested immediately to 
provide results (at the patient’s bedside), 
others require sampling of bodily substanc-
es/�uids which can either be taken to a local 
analyser or sent to laboratories (these may 
be onsite or require further delivery to more 
specialist laboratories elsewhere o�site). 
Results may be published to patient’s elec-
tronic records as soon as possible. Some of 

the requested tests may be marked urgent 
or routine, as necessary. Bedside glucose 
tests, vital signs temperature probe, pulse 
oximetry or electronic blood pressure cu�s 
will often provide immediate results. Arteri-
al or venous blood gas samples can be di�-
cult to acquire if there is di�culty with 
gaining vessel access (sometimes alternative 
sampling techniques including femoral 
stab, or ultrasound-guided sampling is nec-
essary). �e local availability of analysers 
can, however, lead to results within min-
utes, including true oxygen and carbon 
dioxide saturations, pH, lactate and Elec-
trolyte levels. [18, Rank 3] 
Similarly urine samples may be tested with 
a dipstick for common abnormalities (pro-
tein, leukocytes, blood, glucose, nitrates), 
or urine test for pregnancy, prior to being 
sent for full investigation in the laboratory. 
Blood or swab cultures taken will require 
5–10 days incubation; growth of any organ-
isms and their sensitivities/resistance to var-
ious antibiotics will guide management and 
assist in identifying appropriate treat-
ment(s). Currently, certain patients found 
to be positive with or exposed to certain 
microorganisms (’superbugs’) may need 
more treatments by nursing sta� to improve 
sanitation or nursing in isolation; examples 
include patients positive for Methicillin-re-
sistant Staphylococcus aureus (MRSA), 
Vancomycin-resistant Enterococci (VRE), 

and Carbapenemase-producing Enterobac-
teriaceae (CPE), among others. [6, Rank 2]

�ese CLIA regulations led clinical practic-
es to outsource many of their diagnostic 
tests to core laboratories - either regional 
centers like those operated by LabCorp or 
local centers within the hospital. �is work-
�ow is well-suited for tests where the results 
are not needed immediately, as the delivery 
of care would not be changed even if the 
information was immediate. However, 
there is a fairly recent push to perform cer-
tain tests at the POC. Because POC tests 
are portable, they allow for an expedited 
work�ow and potentially shorter turna-
round times. As a result, they carry the 
promise of providing the care giver with 
information at time points that can provide 
improved delivery of care and reduce the 
cost. However, to meet regulations, these 
tests must either be CLIA-waived or users 
of the devices must meet the associated 
standards in an attempt to prevent errors [9, 
Rank 4]
One example of a CLIA-waived, POC test 
is the blood glucose meter. With just a drop 
of blood from a �nger-stick, these devices 

can inform the user of their current blood 
glucose levels and enable them to better 
self-regulate their blood glucose values (As 
shown in �g.10).

 �is self-regulation would not be possible 
if a blood glucose meter for use at the 
point-of-care did not exist. As the demand 
for home-health information continues to 
grow, additional devices are being devel-
oped for home use. �e ability to create 
cost-e�ective, disposable test cartridges that 
can store reagents, direct the �ow of solu-
tions with passive micro�uidics, and auto-
matically read the generated signal leads to 
POC technologies becoming more 
user-friendly. [4, Rank 4]  
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Sexually Transmitted Diseases

Point of Care Testing (POCT)

In the early days of western medicine, 
health care was delivered primarily in the 
patient’s home and what limited testing 
available was provided directly at this local 
point of care. As the science and technology 
of medicine developed rapidly in the mid- 
to late twentieth century, care shifted to 
hospitals with an emphasis on treating inju-

ries and curing acute disease. At this time, 
centralized laboratories were established for 
the analysis of numerous patient samples 
using standardized techniques and complex 
equipment. As technology improved, auto-
mation was added, further standardizing 
the results.
Today, ongoing research is identifying an 
increasing number of disease biomarkers, 
and additional tests for these biomarkers are 
continually being developed. Furthermore, 
there is an increased emphasis on wellness 
and preventive activities as evidenced by the 
rapid expansion of �tness trackers, which 
are e�ectively point-of-care tests, and some 
of these have the ability to measure rather 
sophisticated clinical endpoints. �is 
potential is being exploited by the develop-
ment of smart phone apps designed to col-
lect data to promote healthier behaviors. 
Despite the extensive marketing and use of 
such devises, research continues to be 
inconclusive regarding the health and eco-
nomic value of such advancements. [2, 
Rank 3]
Technological drivers of POCT for con-
sumer medicine(As shown In �g.9) include 
advances in assay automation, low cost sen-
sors, and instrument miniaturization, as 
well as access to cloud computing. Howev-
er, while many routine laboratory tests pro-
vide critical information about a patient’s 
health status, tests are sometimes ordered 
just because they are available, and new 

tests are sometimes implemented without 
adequate justi�cation for their prognostic 
or economic value. Nevertheless, as the 
technology advances, opportunities are 
being seized by manufacturers to make 
POCT available directly to consumers, a 
scenario that will undoubtedly a�ect care 
providers through patient purchases, ques-
tions, and requests for clinical services. [1, 
Rank 1]

POCT can play an important role in both 
the diagnosis and management of speci�c 
diseases. POCT for the rapid identi�cation 
of speci�c pathogens is ongoing. �e need 
for POCT for the early identi�cation and 
management of sepsis is particularly impor-
tant since this is di�cult to diagnose and 
the mortality increases by an average of 8% 
for every undiagnosed hour. In the hospital 
setting, various tests and investigations are 
undertaken when suspecting sepsis in both 

adults and children: these include vital signs 
checks (observations of temperature, blood 
pressure, respiratory rate, pulse oximetry 
oxygen saturation, heart rate and respon-
siveness). 
A full set of routine blood tests can include 
blood count, a chemistry pro�le including 
urea and electrolytes, C-Reactive Protein 
(CRP), and glucose, and a coagulation 
screen. More than 170 biomarkers have 
been reported in the literature for the diag-
nosis of sepsis. However, only the most 
common biomarkers, such as CRP or pro-
calcitonine, can typically be analysed within 
centralised hospital laboratories. �e testing 
of the other biomarkers typically requires 
more specialised laboratories. Other tests 
can include arterial or venous blood gas 
samples, urine output recorded and urine 
sample dipstick test and microbiological 
culture, aerobic and anaerobic microbio-
logical blood cultures, swab of suspected 
wound or respiratory tract/gynaecological 
swabs, chest radiograph. [15, Rank 5]
Some of these can be tested immediately to 
provide results (at the patient’s bedside), 
others require sampling of bodily substanc-
es/�uids which can either be taken to a local 
analyser or sent to laboratories (these may 
be onsite or require further delivery to more 
specialist laboratories elsewhere o�site). 
Results may be published to patient’s elec-
tronic records as soon as possible. Some of 

the requested tests may be marked urgent 
or routine, as necessary. Bedside glucose 
tests, vital signs temperature probe, pulse 
oximetry or electronic blood pressure cu�s 
will often provide immediate results. Arteri-
al or venous blood gas samples can be di�-
cult to acquire if there is di�culty with 
gaining vessel access (sometimes alternative 
sampling techniques including femoral 
stab, or ultrasound-guided sampling is nec-
essary). �e local availability of analysers 
can, however, lead to results within min-
utes, including true oxygen and carbon 
dioxide saturations, pH, lactate and Elec-
trolyte levels. [18, Rank 3] 
Similarly urine samples may be tested with 
a dipstick for common abnormalities (pro-
tein, leukocytes, blood, glucose, nitrates), 
or urine test for pregnancy, prior to being 
sent for full investigation in the laboratory. 
Blood or swab cultures taken will require 
5–10 days incubation; growth of any organ-
isms and their sensitivities/resistance to var-
ious antibiotics will guide management and 
assist in identifying appropriate treat-
ment(s). Currently, certain patients found 
to be positive with or exposed to certain 
microorganisms (’superbugs’) may need 
more treatments by nursing sta� to improve 
sanitation or nursing in isolation; examples 
include patients positive for Methicillin-re-
sistant Staphylococcus aureus (MRSA), 
Vancomycin-resistant Enterococci (VRE), 

and Carbapenemase-producing Enterobac-
teriaceae (CPE), among others. [6, Rank 2]

Sexually transmitted infections (STIs) are 
among the most common acute conditions 
worldwide. In 2012, there were 357.4 mil-
lion new global cases of four common cura-
ble STIs: chlamydia; gonorrhoea; syphilis 
and trichomoniasis. Although STIs are not 
normally fatal they do represent a signi�-
cant burden of diseases and they can lead to 
complications such as pelvic in�ammatory 
disease, ectopic pregnancy and infertility. 
STIs can increase infectiousness of a suscep-
tibility to HIV and in pregnancy they can 
cause fetal or neonatal death. Chlamydia is 
globally the most common bacterial STI 
and causes reproductive complications in 
women. �e LMICs and LDCs have the 
majority of global incidents of STIs, but the 
health systems are less well resourced to 
manage these. POCT could play an impor-
tant role in supporting the management of 
conditions for individual patients and also 
provide wider control of STIs within devel-
oped countries, LMICs and LDCs. [20, 
Rank 3]
According to the Centers for Disease Con-
trol and Prevention (CDC), in the United 
States alone drug-resistant bacteria cause at 
least 23,000 deaths and 2 million infections 

every year. �is is therefore a public health 
problem, requiring innovative POCT 
approaches that can contribute to helping 
characterise the development and spread of 
resistant bacteria. �is can have a trans-
formative role in the treatments adminis-
tered, constituting one step further in the 
path of personalised medicine. By allowing 
the rapid detection of infectious pathogens 
and resistance factors, practitioners can for 
example reduce unnecessary administration 
of antibiotics, contributing to alleviate the 
problem of antibiotic resistance. 

�ese CLIA regulations led clinical practic-
es to outsource many of their diagnostic 
tests to core laboratories - either regional 
centers like those operated by LabCorp or 
local centers within the hospital. �is work-
�ow is well-suited for tests where the results 
are not needed immediately, as the delivery 
of care would not be changed even if the 
information was immediate. However, 
there is a fairly recent push to perform cer-
tain tests at the POC. Because POC tests 
are portable, they allow for an expedited 
work�ow and potentially shorter turna-
round times. As a result, they carry the 
promise of providing the care giver with 
information at time points that can provide 
improved delivery of care and reduce the 
cost. However, to meet regulations, these 
tests must either be CLIA-waived or users 
of the devices must meet the associated 
standards in an attempt to prevent errors [9, 
Rank 4]
One example of a CLIA-waived, POC test 
is the blood glucose meter. With just a drop 
of blood from a �nger-stick, these devices 

can inform the user of their current blood 
glucose levels and enable them to better 
self-regulate their blood glucose values (As 
shown in �g.10).

 �is self-regulation would not be possible 
if a blood glucose meter for use at the 
point-of-care did not exist. As the demand 
for home-health information continues to 
grow, additional devices are being devel-
oped for home use. �e ability to create 
cost-e�ective, disposable test cartridges that 
can store reagents, direct the �ow of solu-
tions with passive micro�uidics, and auto-
matically read the generated signal leads to 
POC technologies becoming more 
user-friendly. [4, Rank 4]  
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Non-Communicable 
Diseases

Respiratory Tract 
Infections (RTI)

Point of Care Testing (POCT)

In the early days of western medicine, 
health care was delivered primarily in the 
patient’s home and what limited testing 
available was provided directly at this local 
point of care. As the science and technology 
of medicine developed rapidly in the mid- 
to late twentieth century, care shifted to 
hospitals with an emphasis on treating inju-

ries and curing acute disease. At this time, 
centralized laboratories were established for 
the analysis of numerous patient samples 
using standardized techniques and complex 
equipment. As technology improved, auto-
mation was added, further standardizing 
the results.
Today, ongoing research is identifying an 
increasing number of disease biomarkers, 
and additional tests for these biomarkers are 
continually being developed. Furthermore, 
there is an increased emphasis on wellness 
and preventive activities as evidenced by the 
rapid expansion of �tness trackers, which 
are e�ectively point-of-care tests, and some 
of these have the ability to measure rather 
sophisticated clinical endpoints. �is 
potential is being exploited by the develop-
ment of smart phone apps designed to col-
lect data to promote healthier behaviors. 
Despite the extensive marketing and use of 
such devises, research continues to be 
inconclusive regarding the health and eco-
nomic value of such advancements. [2, 
Rank 3]
Technological drivers of POCT for con-
sumer medicine(As shown In �g.9) include 
advances in assay automation, low cost sen-
sors, and instrument miniaturization, as 
well as access to cloud computing. Howev-
er, while many routine laboratory tests pro-
vide critical information about a patient’s 
health status, tests are sometimes ordered 
just because they are available, and new 

tests are sometimes implemented without 
adequate justi�cation for their prognostic 
or economic value. Nevertheless, as the 
technology advances, opportunities are 
being seized by manufacturers to make 
POCT available directly to consumers, a 
scenario that will undoubtedly a�ect care 
providers through patient purchases, ques-
tions, and requests for clinical services. [1, 
Rank 1]

Sexually transmitted infections (STIs) are 
among the most common acute conditions 
worldwide. In 2012, there were 357.4 mil-
lion new global cases of four common cura-
ble STIs: chlamydia; gonorrhoea; syphilis 
and trichomoniasis. Although STIs are not 
normally fatal they do represent a signi�-
cant burden of diseases and they can lead to 
complications such as pelvic in�ammatory 
disease, ectopic pregnancy and infertility. 
STIs can increase infectiousness of a suscep-
tibility to HIV and in pregnancy they can 
cause fetal or neonatal death. Chlamydia is 
globally the most common bacterial STI 
and causes reproductive complications in 
women. �e LMICs and LDCs have the 
majority of global incidents of STIs, but the 
health systems are less well resourced to 
manage these. POCT could play an impor-
tant role in supporting the management of 
conditions for individual patients and also 
provide wider control of STIs within devel-
oped countries, LMICs and LDCs. [20, 
Rank 3]
According to the Centers for Disease Con-
trol and Prevention (CDC), in the United 
States alone drug-resistant bacteria cause at 
least 23,000 deaths and 2 million infections 

every year. �is is therefore a public health 
problem, requiring innovative POCT 
approaches that can contribute to helping 
characterise the development and spread of 
resistant bacteria. �is can have a trans-
formative role in the treatments adminis-
tered, constituting one step further in the 
path of personalised medicine. By allowing 
the rapid detection of infectious pathogens 
and resistance factors, practitioners can for 
example reduce unnecessary administration 
of antibiotics, contributing to alleviate the 
problem of antibiotic resistance. 

Non-communicable diseases with the high-
est health burdens include cardiovascular 
diseases, cancer and diabetes. �e number 
of POCT that are commercially available 

Respiratory tract infections (RTIs) are one 
of the problems that can be caused by a 
variety of bacterial and viral pathogens. 
Worldwide, they are the second greatest 
cause of morbidity and mortality. RTIs are 
the most common infections for those that 
are immuno-compromised. �ere is now 
also concerns about the number of infec-
tions caused by antimicrobial resistant 
(AMR) bacteria as well as community and 
hospital acquired infections, for example 
pneumonia. New lethal viruses and bacteria 
causing RTIs with epidemic potential have 
emerged over the last decade. �ese include 
severe acute respiratory syndrome coronavi-
rus (SARS-CoV), swine-origin in�uenza A, 

multi-drug resistance tuberculosis and mul-
ti-drug resistance gram negative bacteria, 
for which there are very few e�ective thera-
py options. [25, Rank 5]
�e key challenge for e�ective treatment of 
RTIs in a variety of di�erent healthcare 
settings is for fast, sensitive and speci�c 
identi�cation of pathogens and antibiotic 
resistance pro�les. Also, it would be bene�-
cial to determine whether a pneumonia was 
Community-acquired or Hospital-acquired 
(there are cases where this is still unclear).  
�is di�erentiation can have a large impact 
on treatment regimen. If the infection is 
hospital-acquired, then treatment with 
intravenous antibiotics initially will be 
more bene�cial. RTIs are the most 
common infections encountered within 
primary care and there is evidence that 
people presenting with acute uncomplicat-
ed RTIs will commonly receive antibiotics 
despite most RTIs being viral. �ere is 
therefore, a clear need for POCT that can 
di�erentiate RTIs within primary care and 
reduce unnecessary antibiotic prescribing as 
part of AMR stewardship. [16, Rank 2]

for non-communicable diseases is limited 
and re�ects the challenge of measuring low 
concentrations of  protein biomarkers in a 
variety of di�erent biological samples, 
including blood, serum, urine and saliva. 
PSA is the most common tumour marker 
for prostate cancer. IL-6, an interleukin, is 
overexpressed in several di�erent cancers 
including prostate cancer, as well as head 
and neck squamous cell carcinoma. �e 
interleukins are part of the cytokine family 
and more generally play an important role 
in the in�ammatory response of diseases 
such as rheumatoid arthritis, cardiovascular 
diseases (CVD), diabetes and Alzheimer’s 
disease. �e MMP family are part of the 
zinc-dependent endopeptidases, where 
MMP-2 is key in tumour growth, invasion 
and metastasis and MMP-3 is used to diag-
nose and monitor diseases such as head and 
neck squamous cell carcinoma and adrenal 
tumours. �e alpha-fetoprotein, an oncofe-
tal glycoprotein, is an important liver 
cancer tumour marker. CEA, a glycopro-
tein, is raised with in�ammation or 
tumours in any endodermal tissue, includ-
ing the gastrointestinal tract, respiratory 
tract, pancreas and breast, and can be used 
for diagnosis of lung cancer, ovarian carci-
noma and breast cancer. �e cancer antigen 
125 (CA-125) is used for monitoring ovari-
an, breast and uterine cancer. [7, Rank 3]

�ese CLIA regulations led clinical practic-
es to outsource many of their diagnostic 
tests to core laboratories - either regional 
centers like those operated by LabCorp or 
local centers within the hospital. �is work-
�ow is well-suited for tests where the results 
are not needed immediately, as the delivery 
of care would not be changed even if the 
information was immediate. However, 
there is a fairly recent push to perform cer-
tain tests at the POC. Because POC tests 
are portable, they allow for an expedited 
work�ow and potentially shorter turna-
round times. As a result, they carry the 
promise of providing the care giver with 
information at time points that can provide 
improved delivery of care and reduce the 
cost. However, to meet regulations, these 
tests must either be CLIA-waived or users 
of the devices must meet the associated 
standards in an attempt to prevent errors [9, 
Rank 4]
One example of a CLIA-waived, POC test 
is the blood glucose meter. With just a drop 
of blood from a �nger-stick, these devices 

can inform the user of their current blood 
glucose levels and enable them to better 
self-regulate their blood glucose values (As 
shown in �g.10).

 �is self-regulation would not be possible 
if a blood glucose meter for use at the 
point-of-care did not exist. As the demand 
for home-health information continues to 
grow, additional devices are being devel-
oped for home use. �e ability to create 
cost-e�ective, disposable test cartridges that 
can store reagents, direct the �ow of solu-
tions with passive micro�uidics, and auto-
matically read the generated signal leads to 
POC technologies becoming more 
user-friendly. [4, Rank 4]  
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Point of Care Testing (POCT)

In the early days of western medicine, 
health care was delivered primarily in the 
patient’s home and what limited testing 
available was provided directly at this local 
point of care. As the science and technology 
of medicine developed rapidly in the mid- 
to late twentieth century, care shifted to 
hospitals with an emphasis on treating inju-

ries and curing acute disease. At this time, 
centralized laboratories were established for 
the analysis of numerous patient samples 
using standardized techniques and complex 
equipment. As technology improved, auto-
mation was added, further standardizing 
the results.
Today, ongoing research is identifying an 
increasing number of disease biomarkers, 
and additional tests for these biomarkers are 
continually being developed. Furthermore, 
there is an increased emphasis on wellness 
and preventive activities as evidenced by the 
rapid expansion of �tness trackers, which 
are e�ectively point-of-care tests, and some 
of these have the ability to measure rather 
sophisticated clinical endpoints. �is 
potential is being exploited by the develop-
ment of smart phone apps designed to col-
lect data to promote healthier behaviors. 
Despite the extensive marketing and use of 
such devises, research continues to be 
inconclusive regarding the health and eco-
nomic value of such advancements. [2, 
Rank 3]
Technological drivers of POCT for con-
sumer medicine(As shown In �g.9) include 
advances in assay automation, low cost sen-
sors, and instrument miniaturization, as 
well as access to cloud computing. Howev-
er, while many routine laboratory tests pro-
vide critical information about a patient’s 
health status, tests are sometimes ordered 
just because they are available, and new 

tests are sometimes implemented without 
adequate justi�cation for their prognostic 
or economic value. Nevertheless, as the 
technology advances, opportunities are 
being seized by manufacturers to make 
POCT available directly to consumers, a 
scenario that will undoubtedly a�ect care 
providers through patient purchases, ques-
tions, and requests for clinical services. [1, 
Rank 1]

Non-communicable diseases with the high-
est health burdens include cardiovascular 
diseases, cancer and diabetes. �e number 
of POCT that are commercially available 

for non-communicable diseases is limited 
and re�ects the challenge of measuring low 
concentrations of  protein biomarkers in a 
variety of di�erent biological samples, 
including blood, serum, urine and saliva. 
PSA is the most common tumour marker 
for prostate cancer. IL-6, an interleukin, is 
overexpressed in several di�erent cancers 
including prostate cancer, as well as head 
and neck squamous cell carcinoma. �e 
interleukins are part of the cytokine family 
and more generally play an important role 
in the in�ammatory response of diseases 
such as rheumatoid arthritis, cardiovascular 
diseases (CVD), diabetes and Alzheimer’s 
disease. �e MMP family are part of the 
zinc-dependent endopeptidases, where 
MMP-2 is key in tumour growth, invasion 
and metastasis and MMP-3 is used to diag-
nose and monitor diseases such as head and 
neck squamous cell carcinoma and adrenal 
tumours. �e alpha-fetoprotein, an oncofe-
tal glycoprotein, is an important liver 
cancer tumour marker. CEA, a glycopro-
tein, is raised with in�ammation or 
tumours in any endodermal tissue, includ-
ing the gastrointestinal tract, respiratory 
tract, pancreas and breast, and can be used 
for diagnosis of lung cancer, ovarian carci-
noma and breast cancer. �e cancer antigen 
125 (CA-125) is used for monitoring ovari-
an, breast and uterine cancer. [7, Rank 3]

�ese CLIA regulations led clinical practic-
es to outsource many of their diagnostic 
tests to core laboratories - either regional 
centers like those operated by LabCorp or 
local centers within the hospital. �is work-
�ow is well-suited for tests where the results 
are not needed immediately, as the delivery 
of care would not be changed even if the 
information was immediate. However, 
there is a fairly recent push to perform cer-
tain tests at the POC. Because POC tests 
are portable, they allow for an expedited 
work�ow and potentially shorter turna-
round times. As a result, they carry the 
promise of providing the care giver with 
information at time points that can provide 
improved delivery of care and reduce the 
cost. However, to meet regulations, these 
tests must either be CLIA-waived or users 
of the devices must meet the associated 
standards in an attempt to prevent errors [9, 
Rank 4]
One example of a CLIA-waived, POC test 
is the blood glucose meter. With just a drop 
of blood from a �nger-stick, these devices 

can inform the user of their current blood 
glucose levels and enable them to better 
self-regulate their blood glucose values (As 
shown in �g.10).

 �is self-regulation would not be possible 
if a blood glucose meter for use at the 
point-of-care did not exist. As the demand 
for home-health information continues to 
grow, additional devices are being devel-
oped for home use. �e ability to create 
cost-e�ective, disposable test cartridges that 
can store reagents, direct the �ow of solu-
tions with passive micro�uidics, and auto-
matically read the generated signal leads to 
POC technologies becoming more 
user-friendly. [4, Rank 4]  
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Development Towards 
Portable Diagnostics

Point of Care Testing (POCT)

Figure 10: Blood glucometer: An example of CLIA waived 
POCT

Diagnosis of disease is commonly carried 
out by the quanti�cation of DNA, RNA 
and proteins or other biomarkers using a 
variety of biochemical assays in a central-
ised laboratory setting and this remains 
powerful in accurately detecting diseases. 
�e drawback of using large highly auto-
mated �oor standing analysers in a central-
ized laboratory setting is that the instru-
mentation used is expensive and it requires 
operation by sta� with specialized technical 
skills. Moreover, it can take a considerable 
amount of time for the assay to be per-
formed, particularly if there is a require-
ment for batches of samples to be gathered 
before measurements can be made. More 
recent developments are focused toward 
automating and miniaturizing the tradi-
tional biochemical assays, (As shown in 
�g.11) such as enzyme linked immu-
no-sorbent assay (ELISA) and polymerase 
chain reaction (PCR) to increase their 
applicability and accessibility.
Microtiter plate assays are the gold standard 
for immuno-assays and are performed in an 
array of wells of varying density and volume 
as part of a microplate. �e 96-well plate 
(well volume 530 µL) is fairly ubiquitous 
and the 384-well plate (well volume 149 µ
L) is common. �ere is a trend towards 
higher-density, lower-volume well plates 

�ese CLIA regulations led clinical practic-
es to outsource many of their diagnostic 
tests to core laboratories - either regional 
centers like those operated by LabCorp or 
local centers within the hospital. �is work-
�ow is well-suited for tests where the results 
are not needed immediately, as the delivery 
of care would not be changed even if the 
information was immediate. However, 
there is a fairly recent push to perform cer-
tain tests at the POC. Because POC tests 
are portable, they allow for an expedited 
work�ow and potentially shorter turna-
round times. As a result, they carry the 
promise of providing the care giver with 
information at time points that can provide 
improved delivery of care and reduce the 
cost. However, to meet regulations, these 
tests must either be CLIA-waived or users 
of the devices must meet the associated 
standards in an attempt to prevent errors [9, 
Rank 4]
One example of a CLIA-waived, POC test 
is the blood glucose meter. With just a drop 
of blood from a �nger-stick, these devices 

can inform the user of their current blood 
glucose levels and enable them to better 
self-regulate their blood glucose values (As 
shown in �g.10).

 �is self-regulation would not be possible 
if a blood glucose meter for use at the 
point-of-care did not exist. As the demand 
for home-health information continues to 
grow, additional devices are being devel-
oped for home use. �e ability to create 
cost-e�ective, disposable test cartridges that 
can store reagents, direct the �ow of solu-
tions with passive micro�uidics, and auto-
matically read the generated signal leads to 
POC technologies becoming more 
user-friendly. [4, Rank 4]  

(with the 1536 well plates having a volume 
of 10 µL). �e smaller volumes are crucial 
because they allow a lower volume of 
sample, solvents and reagents which greatly 
reduces the cost of the assay. �e most com-
monly used immuno-assay format is the 
ELISA, which typically captures an analyte 
(antigen) between two antibodies and upon 
which, one antibody is labelled with an 
enzyme. �e enzyme enables a signal 
enhancement by a factor of 100,000 by 
converting a substrate into a detectable 
signal. [14, Rank 3]
For signal generation, the substrate can be 
converted either into an absorbing dye (de-
tected by absorption of transmitted light), 
into a �uorescent dye (detected via a �uo-
rescence reader) or into a light emitting 
reaction (detected as luminescence). Fluo-
rescence and luminescence are more sensi-
tive as compared with absorbance but are 
also more expensive and can involve more 
complex protocols. �e choice of approach 

for signal generation and detection is there-
fore generally dependent on the sensitivity 
and cost requirements.
Microtitre plate assays and ELISA are 
widely used for clinical analysis but they 
can typically take several hours and the 
complex assay protocol involves skilled per-
sonnel, as well as generally expensive auto-
mated analysers. �e demand for portable 
diagnostics is, however, that they should be 
fast, reproducible and are able to be operat-
ed by untrained users. Lateral �ow assays 
are widely used as a robust, simple and low 
cost analytical assay. �ere is now greater 
e�ort in the development of quantitative 
lateral �ow assays. Lateral �ow assays typi-
cally use antibody coated microparticles, 
which bind the analyte directly from the 
sample and are then enriched via binding 
against a second antibody in a target zone. 
�is obviates the need for complex and 
costly enzymatic signal enhancement used 
within microplate ELISA. [19, Rank 5] 

Point-of-care testing kits and equipment are 
considered “medical devices” and must be 
evaluated and approved by government 
agencies in most countries before the results 
can be considered for clinical decision-mak-
ing. In the United States, commercial clini-
cal laboratory tests are regulated by the 
Food and Drug Administration (FDA) to 
ensure they meet safety and e�ectiveness 
standards. A product is considered safe 
when its clinical bene�t to the patient is 
judged to exceed the potential risk associat-
ed with using the technology, and e�ective-
ness is established when clinically signi�-
cant results can be obtained. Medical devic-
es are categorized into classes based on the 
degree of risk posed to the patient: class I 
devices pose low risk, class II devices pose 
moderate risk, and class III devices pose the 
greatest risk. Some countries may accept the 
FDA decision, have comparable agencies 

responsible for approving the use of clinical 
laboratory tests, or simply allow the use of 
such kits without approval. [4, Rank 5]
In the United States, the Centers for Medi-
care & Medicaid Services (CMS) regulate 
all laboratory testing performed on humans 
according to the Clinical Laboratory Im-
provement Amendments (CLIA). �ere are 
three regulatory categories under CLIA, 
based on the potential risk to public health 
associated with the test of interest. Tests can 
fall into the waived category, or into a mod-
erate or high complexity category. For a test 
to be considered CLIA-waived, it must 
employ su�ciently simple and accurate 
methodologies so the risk of erroneous 
results is negligible, or there is no signi�cant 
risk of harm to the patient if the test is per-
formed incorrectly. �ere are more than 
120 waived tests, and these are the types of 
tests making their way into pharmacy prac-
tice because of their minimal regulatory 
oversight.
Signi�cant research into POC assays for 
traumatic brain injury has been driven 
mainly by military research funding because 
of the critical need to assess concussive 
injury in military personnel. Most POC 
methods have been focused on developing 
rapid and sensitive assays for speci�c bio-
markers in serum or cerebrospinal �uid. 
However, there is still debate about which 
biomarkers, or groups of biomarkers, con-

tain the highest diagnostic value. Contin-
ued research will shed new light on the role 
that each play in diagnosing traumatic brain 
injury. Furthermore, it is likely that assess-
ment of traumatic brain injury at the 
point-of-care will include a psychological 
assessment in addition to the quanti�cation 
of biomarkers. [8, Rank 2]
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Point of Care Testing (POCT)

Figure 11: Most recent development in POCT and it’s advantage

Diagnosis of disease is commonly carried 
out by the quanti�cation of DNA, RNA 
and proteins or other biomarkers using a 
variety of biochemical assays in a central-
ised laboratory setting and this remains 
powerful in accurately detecting diseases. 
�e drawback of using large highly auto-
mated �oor standing analysers in a central-
ized laboratory setting is that the instru-
mentation used is expensive and it requires 
operation by sta� with specialized technical 
skills. Moreover, it can take a considerable 
amount of time for the assay to be per-
formed, particularly if there is a require-
ment for batches of samples to be gathered 
before measurements can be made. More 
recent developments are focused toward 
automating and miniaturizing the tradi-
tional biochemical assays, (As shown in 
�g.11) such as enzyme linked immu-
no-sorbent assay (ELISA) and polymerase 
chain reaction (PCR) to increase their 
applicability and accessibility.
Microtiter plate assays are the gold standard 
for immuno-assays and are performed in an 
array of wells of varying density and volume 
as part of a microplate. �e 96-well plate 
(well volume 530 µL) is fairly ubiquitous 
and the 384-well plate (well volume 149 µ
L) is common. �ere is a trend towards 
higher-density, lower-volume well plates 

�ese CLIA regulations led clinical practic-
es to outsource many of their diagnostic 
tests to core laboratories - either regional 
centers like those operated by LabCorp or 
local centers within the hospital. �is work-
�ow is well-suited for tests where the results 
are not needed immediately, as the delivery 
of care would not be changed even if the 
information was immediate. However, 
there is a fairly recent push to perform cer-
tain tests at the POC. Because POC tests 
are portable, they allow for an expedited 
work�ow and potentially shorter turna-
round times. As a result, they carry the 
promise of providing the care giver with 
information at time points that can provide 
improved delivery of care and reduce the 
cost. However, to meet regulations, these 
tests must either be CLIA-waived or users 
of the devices must meet the associated 
standards in an attempt to prevent errors [9, 
Rank 4]
One example of a CLIA-waived, POC test 
is the blood glucose meter. With just a drop 
of blood from a �nger-stick, these devices 

can inform the user of their current blood 
glucose levels and enable them to better 
self-regulate their blood glucose values (As 
shown in �g.10).

 �is self-regulation would not be possible 
if a blood glucose meter for use at the 
point-of-care did not exist. As the demand 
for home-health information continues to 
grow, additional devices are being devel-
oped for home use. �e ability to create 
cost-e�ective, disposable test cartridges that 
can store reagents, direct the �ow of solu-
tions with passive micro�uidics, and auto-
matically read the generated signal leads to 
POC technologies becoming more 
user-friendly. [4, Rank 4]  

(with the 1536 well plates having a volume 
of 10 µL). �e smaller volumes are crucial 
because they allow a lower volume of 
sample, solvents and reagents which greatly 
reduces the cost of the assay. �e most com-
monly used immuno-assay format is the 
ELISA, which typically captures an analyte 
(antigen) between two antibodies and upon 
which, one antibody is labelled with an 
enzyme. �e enzyme enables a signal 
enhancement by a factor of 100,000 by 
converting a substrate into a detectable 
signal. [14, Rank 3]
For signal generation, the substrate can be 
converted either into an absorbing dye (de-
tected by absorption of transmitted light), 
into a �uorescent dye (detected via a �uo-
rescence reader) or into a light emitting 
reaction (detected as luminescence). Fluo-
rescence and luminescence are more sensi-
tive as compared with absorbance but are 
also more expensive and can involve more 
complex protocols. �e choice of approach 

for signal generation and detection is there-
fore generally dependent on the sensitivity 
and cost requirements.
Microtitre plate assays and ELISA are 
widely used for clinical analysis but they 
can typically take several hours and the 
complex assay protocol involves skilled per-
sonnel, as well as generally expensive auto-
mated analysers. �e demand for portable 
diagnostics is, however, that they should be 
fast, reproducible and are able to be operat-
ed by untrained users. Lateral �ow assays 
are widely used as a robust, simple and low 
cost analytical assay. �ere is now greater 
e�ort in the development of quantitative 
lateral �ow assays. Lateral �ow assays typi-
cally use antibody coated microparticles, 
which bind the analyte directly from the 
sample and are then enriched via binding 
against a second antibody in a target zone. 
�is obviates the need for complex and 
costly enzymatic signal enhancement used 
within microplate ELISA. [19, Rank 5] 

Point-of-care testing kits and equipment are 
considered “medical devices” and must be 
evaluated and approved by government 
agencies in most countries before the results 
can be considered for clinical decision-mak-
ing. In the United States, commercial clini-
cal laboratory tests are regulated by the 
Food and Drug Administration (FDA) to 
ensure they meet safety and e�ectiveness 
standards. A product is considered safe 
when its clinical bene�t to the patient is 
judged to exceed the potential risk associat-
ed with using the technology, and e�ective-
ness is established when clinically signi�-
cant results can be obtained. Medical devic-
es are categorized into classes based on the 
degree of risk posed to the patient: class I 
devices pose low risk, class II devices pose 
moderate risk, and class III devices pose the 
greatest risk. Some countries may accept the 
FDA decision, have comparable agencies 

responsible for approving the use of clinical 
laboratory tests, or simply allow the use of 
such kits without approval. [4, Rank 5]
In the United States, the Centers for Medi-
care & Medicaid Services (CMS) regulate 
all laboratory testing performed on humans 
according to the Clinical Laboratory Im-
provement Amendments (CLIA). �ere are 
three regulatory categories under CLIA, 
based on the potential risk to public health 
associated with the test of interest. Tests can 
fall into the waived category, or into a mod-
erate or high complexity category. For a test 
to be considered CLIA-waived, it must 
employ su�ciently simple and accurate 
methodologies so the risk of erroneous 
results is negligible, or there is no signi�cant 
risk of harm to the patient if the test is per-
formed incorrectly. �ere are more than 
120 waived tests, and these are the types of 
tests making their way into pharmacy prac-
tice because of their minimal regulatory 
oversight.
Signi�cant research into POC assays for 
traumatic brain injury has been driven 
mainly by military research funding because 
of the critical need to assess concussive 
injury in military personnel. Most POC 
methods have been focused on developing 
rapid and sensitive assays for speci�c bio-
markers in serum or cerebrospinal �uid. 
However, there is still debate about which 
biomarkers, or groups of biomarkers, con-

tain the highest diagnostic value. Contin-
ued research will shed new light on the role 
that each play in diagnosing traumatic brain 
injury. Furthermore, it is likely that assess-
ment of traumatic brain injury at the 
point-of-care will include a psychological 
assessment in addition to the quanti�cation 
of biomarkers. [8, Rank 2]
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Impact of Quanti�cation 
Tests in POCT

Point of Care Testing (POCT)

�ese CLIA regulations led clinical practic-
es to outsource many of their diagnostic 
tests to core laboratories - either regional 
centers like those operated by LabCorp or 
local centers within the hospital. �is work-
�ow is well-suited for tests where the results 
are not needed immediately, as the delivery 
of care would not be changed even if the 
information was immediate. However, 
there is a fairly recent push to perform cer-
tain tests at the POC. Because POC tests 
are portable, they allow for an expedited 
work�ow and potentially shorter turna-
round times. As a result, they carry the 
promise of providing the care giver with 
information at time points that can provide 
improved delivery of care and reduce the 
cost. However, to meet regulations, these 
tests must either be CLIA-waived or users 
of the devices must meet the associated 
standards in an attempt to prevent errors [9, 
Rank 4]
One example of a CLIA-waived, POC test 
is the blood glucose meter. With just a drop 
of blood from a �nger-stick, these devices 

can inform the user of their current blood 
glucose levels and enable them to better 
self-regulate their blood glucose values (As 
shown in �g.10).

 �is self-regulation would not be possible 
if a blood glucose meter for use at the 
point-of-care did not exist. As the demand 
for home-health information continues to 
grow, additional devices are being devel-
oped for home use. �e ability to create 
cost-e�ective, disposable test cartridges that 
can store reagents, direct the �ow of solu-
tions with passive micro�uidics, and auto-
matically read the generated signal leads to 
POC technologies becoming more 
user-friendly. [4, Rank 4]  

After the lateral-�ow assays, simple electro-
chemical enzymatic assays are the most 
commonly used for quanti�cation of small 
molecules, which can be detected quantita-
tively in redox-reactions. �e most widely 
used application for these has been blood 
glucose monitoring for diabetes with a glu-
cose oxidase enzyme acting as a catalyst for 
the conversion of a glucose substrate to a 
gluconolactone product and with ampero-
metric detection. More recently, there has 
been increasing interest in the use of imped-
imetric sensing as a label-free approach for 
monitoring ligand receptor binding. [29, 
Rank 3]
Impedimetric sensing is also attractive since 
micro and nanofabrication techniques 
would allow development of the miniatur-
ised transducers in a convenient manner. 
�e potential of fabricating an impedimet-
ric array in a polymer micro�uidic cartridge 
has been demonstrated as a potential aid for 
diagnosis of Deep Vein �rombosis/Pulmo-
nary Embolism (DVT/PE) and towards low 
cost point-of-care diagnostics. An impedi-
metric array within a micro�uidic cartridge 
could allow multiple measurements of a 
single biomarker or alternatively measure-
ments of multiple biomarkers within the 

same micro�uidic cartridge. [5, Rank 2]
For detection of pregnancy or drug-abuse, a 
simple Yes/No answer using “visual” read-
out is su�cient, but the majority of clinical 
assays require quanti�cation with de�ned 
handling for the applied volumes, incuba-
tion time and analysis of the generated 
signal. In recent years, there has been great 
interest in the use of “Lab-on-a-chip” or 
“micro�uidic” systems which can allow �ne 
control of �uidic operations with control 
elements, di�erent detection elements and 
integrated bioreagents for internal stand-
ards and for assay. �ese have been devel-
oped for a variety of applications including 
diagnostics, bioprocessing and cytotoxicity 
testing as part of drug discovery. 
�e Lab-on-a-chip term is typically used 
when the device is performing a speci�c 
application whereas micro�uidics is a more 
general term which applies for miniaturised 
�uidic volumes either as passive—within a 
container—or active so that the �uidics 
might be driven. Micro�uidic devices can 
potentially �ll the technological gap 
between simple “lateral �ow” POC tests 
and sophisticated laboratory-based analys-
ers. [18, Rank 4]
Speci�cally, micro�uidics o�er advantages 
of controlled microenvironment with auto-
mated and highly reproducible operations, 
reduced energy consumption as well as 

reduced amount of reagents and shorter 
assay times. Micro�uidics o�er the poten-
tial for the development of devices as simple 
“sample in—answer out” with a minimum 
of handling steps, ease of use and a high 
level of robustness and reliability. �ere are 
considerable challenges in the widespread 
use and practical utility of micro�uidic 
devices including: a reduction in the chip 
costs, which remain high; reducing the cost 
and size of optical readout systems; ease of 
�uidic control; and on-chip storage of rea-
gents. [10, Rank 4]
 

Point-of-care testing kits and equipment are 
considered “medical devices” and must be 
evaluated and approved by government 
agencies in most countries before the results 
can be considered for clinical decision-mak-
ing. In the United States, commercial clini-
cal laboratory tests are regulated by the 
Food and Drug Administration (FDA) to 
ensure they meet safety and e�ectiveness 
standards. A product is considered safe 
when its clinical bene�t to the patient is 
judged to exceed the potential risk associat-
ed with using the technology, and e�ective-
ness is established when clinically signi�-
cant results can be obtained. Medical devic-
es are categorized into classes based on the 
degree of risk posed to the patient: class I 
devices pose low risk, class II devices pose 
moderate risk, and class III devices pose the 
greatest risk. Some countries may accept the 
FDA decision, have comparable agencies 

responsible for approving the use of clinical 
laboratory tests, or simply allow the use of 
such kits without approval. [4, Rank 5]
In the United States, the Centers for Medi-
care & Medicaid Services (CMS) regulate 
all laboratory testing performed on humans 
according to the Clinical Laboratory Im-
provement Amendments (CLIA). �ere are 
three regulatory categories under CLIA, 
based on the potential risk to public health 
associated with the test of interest. Tests can 
fall into the waived category, or into a mod-
erate or high complexity category. For a test 
to be considered CLIA-waived, it must 
employ su�ciently simple and accurate 
methodologies so the risk of erroneous 
results is negligible, or there is no signi�cant 
risk of harm to the patient if the test is per-
formed incorrectly. �ere are more than 
120 waived tests, and these are the types of 
tests making their way into pharmacy prac-
tice because of their minimal regulatory 
oversight.
Signi�cant research into POC assays for 
traumatic brain injury has been driven 
mainly by military research funding because 
of the critical need to assess concussive 
injury in military personnel. Most POC 
methods have been focused on developing 
rapid and sensitive assays for speci�c bio-
markers in serum or cerebrospinal �uid. 
However, there is still debate about which 
biomarkers, or groups of biomarkers, con-

tain the highest diagnostic value. Contin-
ued research will shed new light on the role 
that each play in diagnosing traumatic brain 
injury. Furthermore, it is likely that assess-
ment of traumatic brain injury at the 
point-of-care will include a psychological 
assessment in addition to the quanti�cation 
of biomarkers. [8, Rank 2]
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New Age Portable Diagnostics

Novel Photonic Systems

Cavity Enhanced Absorption 
Spectrometry (CEAS)

Point of Care Testing (POCT)

Figure 12 : Bene�ts of Cavity Enhanced Absorption 
Spectrometry (CEAS) technique

�ese CLIA regulations led clinical practic-
es to outsource many of their diagnostic 
tests to core laboratories - either regional 
centers like those operated by LabCorp or 
local centers within the hospital. �is work-
�ow is well-suited for tests where the results 
are not needed immediately, as the delivery 
of care would not be changed even if the 
information was immediate. However, 
there is a fairly recent push to perform cer-
tain tests at the POC. Because POC tests 
are portable, they allow for an expedited 
work�ow and potentially shorter turna-
round times. As a result, they carry the 
promise of providing the care giver with 
information at time points that can provide 
improved delivery of care and reduce the 
cost. However, to meet regulations, these 
tests must either be CLIA-waived or users 
of the devices must meet the associated 
standards in an attempt to prevent errors [9, 
Rank 4]
One example of a CLIA-waived, POC test 
is the blood glucose meter. With just a drop 
of blood from a �nger-stick, these devices 

can inform the user of their current blood 
glucose levels and enable them to better 
self-regulate their blood glucose values (As 
shown in �g.10).

 �is self-regulation would not be possible 
if a blood glucose meter for use at the 
point-of-care did not exist. As the demand 
for home-health information continues to 
grow, additional devices are being devel-
oped for home use. �e ability to create 
cost-e�ective, disposable test cartridges that 
can store reagents, direct the �ow of solu-
tions with passive micro�uidics, and auto-
matically read the generated signal leads to 
POC technologies becoming more 
user-friendly. [4, Rank 4]  

After the lateral-�ow assays, simple electro-
chemical enzymatic assays are the most 
commonly used for quanti�cation of small 
molecules, which can be detected quantita-
tively in redox-reactions. �e most widely 
used application for these has been blood 
glucose monitoring for diabetes with a glu-
cose oxidase enzyme acting as a catalyst for 
the conversion of a glucose substrate to a 
gluconolactone product and with ampero-
metric detection. More recently, there has 
been increasing interest in the use of imped-
imetric sensing as a label-free approach for 
monitoring ligand receptor binding. [29, 
Rank 3]
Impedimetric sensing is also attractive since 
micro and nanofabrication techniques 
would allow development of the miniatur-
ised transducers in a convenient manner. 
�e potential of fabricating an impedimet-
ric array in a polymer micro�uidic cartridge 
has been demonstrated as a potential aid for 
diagnosis of Deep Vein �rombosis/Pulmo-
nary Embolism (DVT/PE) and towards low 
cost point-of-care diagnostics. An impedi-
metric array within a micro�uidic cartridge 
could allow multiple measurements of a 
single biomarker or alternatively measure-
ments of multiple biomarkers within the 

same micro�uidic cartridge. [5, Rank 2]
For detection of pregnancy or drug-abuse, a 
simple Yes/No answer using “visual” read-
out is su�cient, but the majority of clinical 
assays require quanti�cation with de�ned 
handling for the applied volumes, incuba-
tion time and analysis of the generated 
signal. In recent years, there has been great 
interest in the use of “Lab-on-a-chip” or 
“micro�uidic” systems which can allow �ne 
control of �uidic operations with control 
elements, di�erent detection elements and 
integrated bioreagents for internal stand-
ards and for assay. �ese have been devel-
oped for a variety of applications including 
diagnostics, bioprocessing and cytotoxicity 
testing as part of drug discovery. 
�e Lab-on-a-chip term is typically used 
when the device is performing a speci�c 
application whereas micro�uidics is a more 
general term which applies for miniaturised 
�uidic volumes either as passive—within a 
container—or active so that the �uidics 
might be driven. Micro�uidic devices can 
potentially �ll the technological gap 
between simple “lateral �ow” POC tests 
and sophisticated laboratory-based analys-
ers. [18, Rank 4]
Speci�cally, micro�uidics o�er advantages 
of controlled microenvironment with auto-
mated and highly reproducible operations, 
reduced energy consumption as well as 

reduced amount of reagents and shorter 
assay times. Micro�uidics o�er the poten-
tial for the development of devices as simple 
“sample in—answer out” with a minimum 
of handling steps, ease of use and a high 
level of robustness and reliability. �ere are 
considerable challenges in the widespread 
use and practical utility of micro�uidic 
devices including: a reduction in the chip 
costs, which remain high; reducing the cost 
and size of optical readout systems; ease of 
�uidic control; and on-chip storage of rea-
gents. [10, Rank 4]
 

New progress in portable diagnostics is 
focused on lowering the cost, simplifying 
the instrumentation and, thus increasing 
the accessibility of diagnostic tools to the 
wider population. 3D printing technology 
has been used to signi�cantly lower the cost 
and time of developing novel diagnostics 
devices compared with conventional manu-
facturing approaches. 3D printing technol-
ogy has been used for incorporation of inte-
grated valves as well as for point-of-care col-
orimetric analysis 

CEAS has been shown to have higher sensi-
tivity than conventional single pass absorp-
tion detection. In CEAS, high sensitivity is 
achieved through increasing the pathlength 
by locating the sample between two highly 
re�ective dielectric mirrors. �e light 
re�ects between the two mirrors to form an 
optical cavity which magni�es the optical 
absorption e�ect. A very small amount of 
light exits from the mirror and this is meas-
ured to give the CEAS signal. �e CEAS 
technique has the potential to approach 
the sensitivity of �uorescence based detec-
tion but with the advantages of lower 
reader cost, due to fewer optical 
elements—and being label-free. Overall, 
CEAS o�ers the potential for higher sensi-
tivity; wider applicability; less complex 
assay protocols with the associated lower 
assay costs(As shown in �g.12) [22, Rank 
2]. 

Point-of-care testing kits and equipment are 
considered “medical devices” and must be 
evaluated and approved by government 
agencies in most countries before the results 
can be considered for clinical decision-mak-
ing. In the United States, commercial clini-
cal laboratory tests are regulated by the 
Food and Drug Administration (FDA) to 
ensure they meet safety and e�ectiveness 
standards. A product is considered safe 
when its clinical bene�t to the patient is 
judged to exceed the potential risk associat-
ed with using the technology, and e�ective-
ness is established when clinically signi�-
cant results can be obtained. Medical devic-
es are categorized into classes based on the 
degree of risk posed to the patient: class I 
devices pose low risk, class II devices pose 
moderate risk, and class III devices pose the 
greatest risk. Some countries may accept the 
FDA decision, have comparable agencies 

responsible for approving the use of clinical 
laboratory tests, or simply allow the use of 
such kits without approval. [4, Rank 5]
In the United States, the Centers for Medi-
care & Medicaid Services (CMS) regulate 
all laboratory testing performed on humans 
according to the Clinical Laboratory Im-
provement Amendments (CLIA). �ere are 
three regulatory categories under CLIA, 
based on the potential risk to public health 
associated with the test of interest. Tests can 
fall into the waived category, or into a mod-
erate or high complexity category. For a test 
to be considered CLIA-waived, it must 
employ su�ciently simple and accurate 
methodologies so the risk of erroneous 
results is negligible, or there is no signi�cant 
risk of harm to the patient if the test is per-
formed incorrectly. �ere are more than 
120 waived tests, and these are the types of 
tests making their way into pharmacy prac-
tice because of their minimal regulatory 
oversight.
Signi�cant research into POC assays for 
traumatic brain injury has been driven 
mainly by military research funding because 
of the critical need to assess concussive 
injury in military personnel. Most POC 
methods have been focused on developing 
rapid and sensitive assays for speci�c bio-
markers in serum or cerebrospinal �uid. 
However, there is still debate about which 
biomarkers, or groups of biomarkers, con-

tain the highest diagnostic value. Contin-
ued research will shed new light on the role 
that each play in diagnosing traumatic brain 
injury. Furthermore, it is likely that assess-
ment of traumatic brain injury at the 
point-of-care will include a psychological 
assessment in addition to the quanti�cation 
of biomarkers. [8, Rank 2]
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Plasmonics

Digital Microarrays

Point of Care Testing (POCT)

�ese CLIA regulations led clinical practic-
es to outsource many of their diagnostic 
tests to core laboratories - either regional 
centers like those operated by LabCorp or 
local centers within the hospital. �is work-
�ow is well-suited for tests where the results 
are not needed immediately, as the delivery 
of care would not be changed even if the 
information was immediate. However, 
there is a fairly recent push to perform cer-
tain tests at the POC. Because POC tests 
are portable, they allow for an expedited 
work�ow and potentially shorter turna-
round times. As a result, they carry the 
promise of providing the care giver with 
information at time points that can provide 
improved delivery of care and reduce the 
cost. However, to meet regulations, these 
tests must either be CLIA-waived or users 
of the devices must meet the associated 
standards in an attempt to prevent errors [9, 
Rank 4]
One example of a CLIA-waived, POC test 
is the blood glucose meter. With just a drop 
of blood from a �nger-stick, these devices 

can inform the user of their current blood 
glucose levels and enable them to better 
self-regulate their blood glucose values (As 
shown in �g.10).

 �is self-regulation would not be possible 
if a blood glucose meter for use at the 
point-of-care did not exist. As the demand 
for home-health information continues to 
grow, additional devices are being devel-
oped for home use. �e ability to create 
cost-e�ective, disposable test cartridges that 
can store reagents, direct the �ow of solu-
tions with passive micro�uidics, and auto-
matically read the generated signal leads to 
POC technologies becoming more 
user-friendly. [4, Rank 4]  

Recent sensor developments using immu-
no-assays continue to yield higher sensitivi-
ty. Unlike conventional ELISA, plasmonic 
ELISA uses the aggregation of gold nano-
particles as the reporter when the biomarker 
is present that exhibits shifted extinction 
characteristics, thus a change in observable 
colors. Photonic crystal gratings are pro-
posed as a new sensor for biosensing appli-
cations. Combining the photonic crystal 
grating with an immunoassay, C-reactive 
protein, which is produced in the presence 
of in�ammation, can be detected at a detec-
tion limit of 12.24 pg/mL. Multiplexed sen-
sors can diagnose more than one infectious 
disease by detecting various biomarkers. An 
electrophotonic sensor was able to pro�le 
biomarkers by combining electrochemical 
and photonic characterization. Using the 
selective chemical functionalization, the 
electrophotonic sensor array can identify 
di�erent binding events. [15, Rank 5]

Disease diagnostics have been evolving 
through the synergistic collaboration of 
medicine with engineering and science. 
With the advent of the measurement/sens-
ing technologies that provided the ability of 
detecting trace substances in bodily �uids 

such as blood, urine, and cerebrospinal �uid 
in vitro Diagnostics (IVD) have become a 
cornerstone of clinical practice. Solid phase 
immuno-assays such as ELISA have long 
been established and are used extensively for 
diagnosis. �e vast majority of sensing tech-
nologies used for molecular diagnostics are 
ensemble measurements, in other words 
they are analog. �ese immuno-assays have 
sensitivities in the picomolar  (10 -12) 
range. However, the serum concentrations 
of most protein biomarkers in the early 
stages of infection are in the femtomolar ( 
10 -15 ) range. 
To achieve the desired 3-order-of-magni-
tude improvement, a new class of biological 
sensing technologies have emerged relying 
on single molecule counting or digital 
detection.  Digital detection is a technology 
that can provide the necessary improvement 
in sensitivity. Furthermore, it is much easier 
to measure the presence or absence of signal 
than to detect the absolute amount of 
signal. Digital detection may lead to the 
most advanced disease diagnostic tools to 
become available at a low cost and at the 
point-of-need. [1, Rank 5]
Most of the digital detection techniques are 
based on particle con�nement in an isolated 
microenvironment, allowing for the neces-
sary signal-to-noise ratio. Among these 
sample compartmentalization techniques, 
the most notable one is digital PCR. Solid 
phase and microarray-based techniques 

have the promise of low-cost and 
point-of-need operation. �eir sensitivity, 
however, is often insu�cient as a reliable 
diagnostic tool. �is practical limit is not 
imposed by the microarray format itself, but 
rather the sensitivity of conventional meth-
ods involving �uorophores as labels and 
�uorescence readers. 

Point-of-care testing kits and equipment are 
considered “medical devices” and must be 
evaluated and approved by government 
agencies in most countries before the results 
can be considered for clinical decision-mak-
ing. In the United States, commercial clini-
cal laboratory tests are regulated by the 
Food and Drug Administration (FDA) to 
ensure they meet safety and e�ectiveness 
standards. A product is considered safe 
when its clinical bene�t to the patient is 
judged to exceed the potential risk associat-
ed with using the technology, and e�ective-
ness is established when clinically signi�-
cant results can be obtained. Medical devic-
es are categorized into classes based on the 
degree of risk posed to the patient: class I 
devices pose low risk, class II devices pose 
moderate risk, and class III devices pose the 
greatest risk. Some countries may accept the 
FDA decision, have comparable agencies 

responsible for approving the use of clinical 
laboratory tests, or simply allow the use of 
such kits without approval. [4, Rank 5]
In the United States, the Centers for Medi-
care & Medicaid Services (CMS) regulate 
all laboratory testing performed on humans 
according to the Clinical Laboratory Im-
provement Amendments (CLIA). �ere are 
three regulatory categories under CLIA, 
based on the potential risk to public health 
associated with the test of interest. Tests can 
fall into the waived category, or into a mod-
erate or high complexity category. For a test 
to be considered CLIA-waived, it must 
employ su�ciently simple and accurate 
methodologies so the risk of erroneous 
results is negligible, or there is no signi�cant 
risk of harm to the patient if the test is per-
formed incorrectly. �ere are more than 
120 waived tests, and these are the types of 
tests making their way into pharmacy prac-
tice because of their minimal regulatory 
oversight.
Signi�cant research into POC assays for 
traumatic brain injury has been driven 
mainly by military research funding because 
of the critical need to assess concussive 
injury in military personnel. Most POC 
methods have been focused on developing 
rapid and sensitive assays for speci�c bio-
markers in serum or cerebrospinal �uid. 
However, there is still debate about which 
biomarkers, or groups of biomarkers, con-

tain the highest diagnostic value. Contin-
ued research will shed new light on the role 
that each play in diagnosing traumatic brain 
injury. Furthermore, it is likely that assess-
ment of traumatic brain injury at the 
point-of-care will include a psychological 
assessment in addition to the quanti�cation 
of biomarkers. [8, Rank 2]
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Regulatory Issues

Point of Care Testing (POCT)

�ese CLIA regulations led clinical practic-
es to outsource many of their diagnostic 
tests to core laboratories - either regional 
centers like those operated by LabCorp or 
local centers within the hospital. �is work-
�ow is well-suited for tests where the results 
are not needed immediately, as the delivery 
of care would not be changed even if the 
information was immediate. However, 
there is a fairly recent push to perform cer-
tain tests at the POC. Because POC tests 
are portable, they allow for an expedited 
work�ow and potentially shorter turna-
round times. As a result, they carry the 
promise of providing the care giver with 
information at time points that can provide 
improved delivery of care and reduce the 
cost. However, to meet regulations, these 
tests must either be CLIA-waived or users 
of the devices must meet the associated 
standards in an attempt to prevent errors [9, 
Rank 4]
One example of a CLIA-waived, POC test 
is the blood glucose meter. With just a drop 
of blood from a �nger-stick, these devices 

can inform the user of their current blood 
glucose levels and enable them to better 
self-regulate their blood glucose values (As 
shown in �g.10).

 �is self-regulation would not be possible 
if a blood glucose meter for use at the 
point-of-care did not exist. As the demand 
for home-health information continues to 
grow, additional devices are being devel-
oped for home use. �e ability to create 
cost-e�ective, disposable test cartridges that 
can store reagents, direct the �ow of solu-
tions with passive micro�uidics, and auto-
matically read the generated signal leads to 
POC technologies becoming more 
user-friendly. [4, Rank 4]  

Disease diagnostics have been evolving 
through the synergistic collaboration of 
medicine with engineering and science. 
With the advent of the measurement/sens-
ing technologies that provided the ability of 
detecting trace substances in bodily �uids 

such as blood, urine, and cerebrospinal �uid 
in vitro Diagnostics (IVD) have become a 
cornerstone of clinical practice. Solid phase 
immuno-assays such as ELISA have long 
been established and are used extensively for 
diagnosis. �e vast majority of sensing tech-
nologies used for molecular diagnostics are 
ensemble measurements, in other words 
they are analog. �ese immuno-assays have 
sensitivities in the picomolar  (10 -12) 
range. However, the serum concentrations 
of most protein biomarkers in the early 
stages of infection are in the femtomolar ( 
10 -15 ) range. 
To achieve the desired 3-order-of-magni-
tude improvement, a new class of biological 
sensing technologies have emerged relying 
on single molecule counting or digital 
detection.  Digital detection is a technology 
that can provide the necessary improvement 
in sensitivity. Furthermore, it is much easier 
to measure the presence or absence of signal 
than to detect the absolute amount of 
signal. Digital detection may lead to the 
most advanced disease diagnostic tools to 
become available at a low cost and at the 
point-of-need. [1, Rank 5]
Most of the digital detection techniques are 
based on particle con�nement in an isolated 
microenvironment, allowing for the neces-
sary signal-to-noise ratio. Among these 
sample compartmentalization techniques, 
the most notable one is digital PCR. Solid 
phase and microarray-based techniques 

have the promise of low-cost and 
point-of-need operation. �eir sensitivity, 
however, is often insu�cient as a reliable 
diagnostic tool. �is practical limit is not 
imposed by the microarray format itself, but 
rather the sensitivity of conventional meth-
ods involving �uorophores as labels and 
�uorescence readers. 

Point-of-care testing kits and equipment are 
considered “medical devices” and must be 
evaluated and approved by government 
agencies in most countries before the results 
can be considered for clinical decision-mak-
ing. In the United States, commercial clini-
cal laboratory tests are regulated by the 
Food and Drug Administration (FDA) to 
ensure they meet safety and e�ectiveness 
standards. A product is considered safe 
when its clinical bene�t to the patient is 
judged to exceed the potential risk associat-
ed with using the technology, and e�ective-
ness is established when clinically signi�-
cant results can be obtained. Medical devic-
es are categorized into classes based on the 
degree of risk posed to the patient: class I 
devices pose low risk, class II devices pose 
moderate risk, and class III devices pose the 
greatest risk. Some countries may accept the 
FDA decision, have comparable agencies 

responsible for approving the use of clinical 
laboratory tests, or simply allow the use of 
such kits without approval. [4, Rank 5]
In the United States, the Centers for Medi-
care & Medicaid Services (CMS) regulate 
all laboratory testing performed on humans 
according to the Clinical Laboratory Im-
provement Amendments (CLIA). �ere are 
three regulatory categories under CLIA, 
based on the potential risk to public health 
associated with the test of interest. Tests can 
fall into the waived category, or into a mod-
erate or high complexity category. For a test 
to be considered CLIA-waived, it must 
employ su�ciently simple and accurate 
methodologies so the risk of erroneous 
results is negligible, or there is no signi�cant 
risk of harm to the patient if the test is per-
formed incorrectly. �ere are more than 
120 waived tests, and these are the types of 
tests making their way into pharmacy prac-
tice because of their minimal regulatory 
oversight.
Signi�cant research into POC assays for 
traumatic brain injury has been driven 
mainly by military research funding because 
of the critical need to assess concussive 
injury in military personnel. Most POC 
methods have been focused on developing 
rapid and sensitive assays for speci�c bio-
markers in serum or cerebrospinal �uid. 
However, there is still debate about which 
biomarkers, or groups of biomarkers, con-

tain the highest diagnostic value. Contin-
ued research will shed new light on the role 
that each play in diagnosing traumatic brain 
injury. Furthermore, it is likely that assess-
ment of traumatic brain injury at the 
point-of-care will include a psychological 
assessment in addition to the quanti�cation 
of biomarkers. [8, Rank 2]
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POCT Challenges

Point of Care Testing (POCT)

Diagnosis of disease is commonly carried 
out by the quanti�cation of DNA, RNA 
and proteins or other biomarkers using a 
variety of biochemical assays in a central-
ised laboratory setting and this remains 
powerful in accurately detecting diseases. 
�e drawback of using large highly auto-
mated �oor standing analysers in a central-
ized laboratory setting is that the instru-
mentation used is expensive and it requires 
operation by sta� with specialized technical 
skills. Moreover, it can take a considerable 
amount of time for the assay to be per-
formed, particularly if there is a require-
ment for batches of samples to be gathered 
before measurements can be made. More 
recent developments are focused toward 
automating and miniaturizing the tradi-
tional biochemical assays, (As shown in 
�g.11) such as enzyme linked immu-
no-sorbent assay (ELISA) and polymerase 
chain reaction (PCR) to increase their 
applicability and accessibility.
Microtiter plate assays are the gold standard 
for immuno-assays and are performed in an 
array of wells of varying density and volume 
as part of a microplate. �e 96-well plate 
(well volume 530 µL) is fairly ubiquitous 
and the 384-well plate (well volume 149 µ
L) is common. �ere is a trend towards 
higher-density, lower-volume well plates 

(with the 1536 well plates having a volume 
of 10 µL). �e smaller volumes are crucial 
because they allow a lower volume of 
sample, solvents and reagents which greatly 
reduces the cost of the assay. �e most com-
monly used immuno-assay format is the 
ELISA, which typically captures an analyte 
(antigen) between two antibodies and upon 
which, one antibody is labelled with an 
enzyme. �e enzyme enables a signal 
enhancement by a factor of 100,000 by 
converting a substrate into a detectable 
signal. [14, Rank 3]
For signal generation, the substrate can be 
converted either into an absorbing dye (de-
tected by absorption of transmitted light), 
into a �uorescent dye (detected via a �uo-
rescence reader) or into a light emitting 
reaction (detected as luminescence). Fluo-
rescence and luminescence are more sensi-
tive as compared with absorbance but are 
also more expensive and can involve more 
complex protocols. �e choice of approach 

for signal generation and detection is there-
fore generally dependent on the sensitivity 
and cost requirements.
Microtitre plate assays and ELISA are 
widely used for clinical analysis but they 
can typically take several hours and the 
complex assay protocol involves skilled per-
sonnel, as well as generally expensive auto-
mated analysers. �e demand for portable 
diagnostics is, however, that they should be 
fast, reproducible and are able to be operat-
ed by untrained users. Lateral �ow assays 
are widely used as a robust, simple and low 
cost analytical assay. �ere is now greater 
e�ort in the development of quantitative 
lateral �ow assays. Lateral �ow assays typi-
cally use antibody coated microparticles, 
which bind the analyte directly from the 
sample and are then enriched via binding 
against a second antibody in a target zone. 
�is obviates the need for complex and 
costly enzymatic signal enhancement used 
within microplate ELISA. [19, Rank 5] 

Point-of-care testing kits and equipment are 
considered “medical devices” and must be 
evaluated and approved by government 
agencies in most countries before the results 
can be considered for clinical decision-mak-
ing. In the United States, commercial clini-
cal laboratory tests are regulated by the 
Food and Drug Administration (FDA) to 
ensure they meet safety and e�ectiveness 
standards. A product is considered safe 
when its clinical bene�t to the patient is 
judged to exceed the potential risk associat-
ed with using the technology, and e�ective-
ness is established when clinically signi�-
cant results can be obtained. Medical devic-
es are categorized into classes based on the 
degree of risk posed to the patient: class I 
devices pose low risk, class II devices pose 
moderate risk, and class III devices pose the 
greatest risk. Some countries may accept the 
FDA decision, have comparable agencies 

responsible for approving the use of clinical 
laboratory tests, or simply allow the use of 
such kits without approval. [4, Rank 5]
In the United States, the Centers for Medi-
care & Medicaid Services (CMS) regulate 
all laboratory testing performed on humans 
according to the Clinical Laboratory Im-
provement Amendments (CLIA). �ere are 
three regulatory categories under CLIA, 
based on the potential risk to public health 
associated with the test of interest. Tests can 
fall into the waived category, or into a mod-
erate or high complexity category. For a test 
to be considered CLIA-waived, it must 
employ su�ciently simple and accurate 
methodologies so the risk of erroneous 
results is negligible, or there is no signi�cant 
risk of harm to the patient if the test is per-
formed incorrectly. �ere are more than 
120 waived tests, and these are the types of 
tests making their way into pharmacy prac-
tice because of their minimal regulatory 
oversight.
Signi�cant research into POC assays for 
traumatic brain injury has been driven 
mainly by military research funding because 
of the critical need to assess concussive 
injury in military personnel. Most POC 
methods have been focused on developing 
rapid and sensitive assays for speci�c bio-
markers in serum or cerebrospinal �uid. 
However, there is still debate about which 
biomarkers, or groups of biomarkers, con-

tain the highest diagnostic value. Contin-
ued research will shed new light on the role 
that each play in diagnosing traumatic brain 
injury. Furthermore, it is likely that assess-
ment of traumatic brain injury at the 
point-of-care will include a psychological 
assessment in addition to the quanti�cation 
of biomarkers. [8, Rank 2]

Point-of-care testing ordered by a clinician 
or obtained by a patient through publicly 
available kits have their own challenges. 
Furthermore, how the results are used in 
these situations may di�er. Ideally, the phar-
macist should act in collaboration with the 
patient and other health-care professionals 
to optimize the use of the data obtained 
and, consequently, the clinical outcomes.
Physician- and pharmacist-ordered POCT 
involves an expanding number of tests. Cli-
nician-managed POCT has a signi�cant 
level of control in terms of validity, interpre-
tation, how the results are used, and incor-
poration of the results into the patient’s 
record. However, it is the patient-obtained 
POCT that raises the most concerns such as 
determining whether such kits are accurate 
and which kits can be used by individual 
patients, where data from unsanctioned kits 
would go, what happens if patients make 
decisions based on a faulty understanding of 

the signi�cance of the results, and how to 
handle data obtained from monitoring 
devices such as smart watches. Answers to 
these and other questions will be key to the 
broader and e�ective use of POCT. [9, 
Rank 5]

Probably the greatest concern with POCT 
is reliability. �e CLIA-waived category 
guarantees simplicity and that problems 
adversely a�ecting patient care pose mini-
mal risk, but not reliability. Simplicity is 
deceptive, however, and there are many 
ways a result can be wrong. Importantly, 
POCT results may not be comparable to 
those from a central laboratory. While the 
results should be comparable within the 
same test system, POCT may use di�erent 
technology than that in central laboratories. 
Di�erences in the quality of the specimen, 
its potential storage before use, and other 

technical factors may also a�ect the results. 
As POCT becomes more widely used, phar-
macists are positioned to investigate this 
critical reliability concern through collabo-
rative research projects.
Another major challenge with patient-initi-
ated POCT is interpreting results. 
Although “normal” parameters can be 
established for all tests, what constitutes 
normal can vary and be a�ected by age, 
gender, diet, medications, co-morbidities, 
etc. �us, while a nonspecialist (including 
the patient) may perform the test, who 

determines what action may need to be 
taken in response to the results is unclear. 
Traditionally, physicians order, review, inter-
pret, and make clinical decisions based on 
test results. However, as POCT expands, 
physicians will not have the capacity to view 
all test results. An alternative may be phar-
macists, the most accessible health-care pro-
fessionals, who serve as �rst point of contact 
in terms of providing the test kits and doing 
an initial interpretation of the results leading 
to a care plan or patient referrals to appro-
priate follow-up care. [10, Rank 2]

A third signi�cant challenge is taking action 
on test results. When a pharmacist does 
POCT, the patient history and a physical 
assessment should take place before deter-
mining whether testing is appropriate. 
However, once determined appropriate, it is 
essential that action be taken on both 
normal and abnormal results. �is can 
involve a direct patient care intervention (ie, 
starting, changing, or stopping drug thera-
py) by the pharmacist, if within their scope 
of practice, including advanced prescribing 
authority and collaborative arrangement or 
referral to an appropriate health care pro-
vider. One example studied for actionability 
is POCT results for infectious diseases. 
Such testing could bene�t patients and rep-
resents an opportunity to expand services in 
community pharmacies. Interestingly, 
about 75% of adults who visit a physician 
for pharyngitis receive a prescription for an 
antibiotic even though less than 5% of such 
problems involve bacteria (most pharyngitis 
is viral). �us, pharmacists treating only 
those cases of pharyngitis accompanied by a 
positive strep test would provide more 
appropriate therapy.
Although the results of POCT ordered by a 
clinician, including pharmacists, should be 
incorporated into the patient’s record, con-
necting POCT devices to an electronic 
medical record, or uploading numerical 
results from tests performed at home or 

other noninstitutional locations, requires a 
compatible computer interface and must 
overcome security and privacy issues. [1, 
Rank 1]
Currently, no electronic record systems are 
designed to accept data from a range of 
health-care providers and certainly not from 
patients themselves. However, with advanc-
es in wireless communication, the way in 
which patients are monitored and the data 
managed will change dramatically. Already, 
numerous consumer devices exist to moni-
tor exercise, heart rate, and other physiolog-
ic parameters. �ese devices are creating 
more personalized health care,4 something 
POCT will further and assist with as it 
tailors interventions to individual patients. 
Inevitably, the role patients take in their 
own health care will increase, and it is possi-
ble that relevant data from these sources 
may become part of a patient’s record.
Increasing the role of patients in their own 
care is appropriate and should be encour-
aged. However, POCT done by nonprofes-
sionals should be limited to simple and 
largely error-proof tests . But even these 
types of tests will yield useful data, and 
problems associated with data interpreta-
tion, appropriate action in response to the 
results, and communication of results to the 
patient’s physician or other relevant health 
care professionals must be addressed. Criti-
cal future needs include resources to assist 

patients in understanding test results (a role 
pharmacists ideally �ll) and data manage-
ment systems that can handle the POCT 
results. Until such systems are in place 
(which may be a long time), it is likely that 
patient-initiated POCT results will remain 
informational, though will hopefully stimu-
late patients to take more formal actions. 
(As shown in �g.13)[9, Rank 4]
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Figure 13. Major challenges for Point of care testing in clinical practice

Diagnosis of disease is commonly carried 
out by the quanti�cation of DNA, RNA 
and proteins or other biomarkers using a 
variety of biochemical assays in a central-
ised laboratory setting and this remains 
powerful in accurately detecting diseases. 
�e drawback of using large highly auto-
mated �oor standing analysers in a central-
ized laboratory setting is that the instru-
mentation used is expensive and it requires 
operation by sta� with specialized technical 
skills. Moreover, it can take a considerable 
amount of time for the assay to be per-
formed, particularly if there is a require-
ment for batches of samples to be gathered 
before measurements can be made. More 
recent developments are focused toward 
automating and miniaturizing the tradi-
tional biochemical assays, (As shown in 
�g.11) such as enzyme linked immu-
no-sorbent assay (ELISA) and polymerase 
chain reaction (PCR) to increase their 
applicability and accessibility.
Microtiter plate assays are the gold standard 
for immuno-assays and are performed in an 
array of wells of varying density and volume 
as part of a microplate. �e 96-well plate 
(well volume 530 µL) is fairly ubiquitous 
and the 384-well plate (well volume 149 µ
L) is common. �ere is a trend towards 
higher-density, lower-volume well plates 

(with the 1536 well plates having a volume 
of 10 µL). �e smaller volumes are crucial 
because they allow a lower volume of 
sample, solvents and reagents which greatly 
reduces the cost of the assay. �e most com-
monly used immuno-assay format is the 
ELISA, which typically captures an analyte 
(antigen) between two antibodies and upon 
which, one antibody is labelled with an 
enzyme. �e enzyme enables a signal 
enhancement by a factor of 100,000 by 
converting a substrate into a detectable 
signal. [14, Rank 3]
For signal generation, the substrate can be 
converted either into an absorbing dye (de-
tected by absorption of transmitted light), 
into a �uorescent dye (detected via a �uo-
rescence reader) or into a light emitting 
reaction (detected as luminescence). Fluo-
rescence and luminescence are more sensi-
tive as compared with absorbance but are 
also more expensive and can involve more 
complex protocols. �e choice of approach 

for signal generation and detection is there-
fore generally dependent on the sensitivity 
and cost requirements.
Microtitre plate assays and ELISA are 
widely used for clinical analysis but they 
can typically take several hours and the 
complex assay protocol involves skilled per-
sonnel, as well as generally expensive auto-
mated analysers. �e demand for portable 
diagnostics is, however, that they should be 
fast, reproducible and are able to be operat-
ed by untrained users. Lateral �ow assays 
are widely used as a robust, simple and low 
cost analytical assay. �ere is now greater 
e�ort in the development of quantitative 
lateral �ow assays. Lateral �ow assays typi-
cally use antibody coated microparticles, 
which bind the analyte directly from the 
sample and are then enriched via binding 
against a second antibody in a target zone. 
�is obviates the need for complex and 
costly enzymatic signal enhancement used 
within microplate ELISA. [19, Rank 5] 

Point-of-care testing kits and equipment are 
considered “medical devices” and must be 
evaluated and approved by government 
agencies in most countries before the results 
can be considered for clinical decision-mak-
ing. In the United States, commercial clini-
cal laboratory tests are regulated by the 
Food and Drug Administration (FDA) to 
ensure they meet safety and e�ectiveness 
standards. A product is considered safe 
when its clinical bene�t to the patient is 
judged to exceed the potential risk associat-
ed with using the technology, and e�ective-
ness is established when clinically signi�-
cant results can be obtained. Medical devic-
es are categorized into classes based on the 
degree of risk posed to the patient: class I 
devices pose low risk, class II devices pose 
moderate risk, and class III devices pose the 
greatest risk. Some countries may accept the 
FDA decision, have comparable agencies 

responsible for approving the use of clinical 
laboratory tests, or simply allow the use of 
such kits without approval. [4, Rank 5]
In the United States, the Centers for Medi-
care & Medicaid Services (CMS) regulate 
all laboratory testing performed on humans 
according to the Clinical Laboratory Im-
provement Amendments (CLIA). �ere are 
three regulatory categories under CLIA, 
based on the potential risk to public health 
associated with the test of interest. Tests can 
fall into the waived category, or into a mod-
erate or high complexity category. For a test 
to be considered CLIA-waived, it must 
employ su�ciently simple and accurate 
methodologies so the risk of erroneous 
results is negligible, or there is no signi�cant 
risk of harm to the patient if the test is per-
formed incorrectly. �ere are more than 
120 waived tests, and these are the types of 
tests making their way into pharmacy prac-
tice because of their minimal regulatory 
oversight.
Signi�cant research into POC assays for 
traumatic brain injury has been driven 
mainly by military research funding because 
of the critical need to assess concussive 
injury in military personnel. Most POC 
methods have been focused on developing 
rapid and sensitive assays for speci�c bio-
markers in serum or cerebrospinal �uid. 
However, there is still debate about which 
biomarkers, or groups of biomarkers, con-

tain the highest diagnostic value. Contin-
ued research will shed new light on the role 
that each play in diagnosing traumatic brain 
injury. Furthermore, it is likely that assess-
ment of traumatic brain injury at the 
point-of-care will include a psychological 
assessment in addition to the quanti�cation 
of biomarkers. [8, Rank 2]

Point-of-care testing ordered by a clinician 
or obtained by a patient through publicly 
available kits have their own challenges. 
Furthermore, how the results are used in 
these situations may di�er. Ideally, the phar-
macist should act in collaboration with the 
patient and other health-care professionals 
to optimize the use of the data obtained 
and, consequently, the clinical outcomes.
Physician- and pharmacist-ordered POCT 
involves an expanding number of tests. Cli-
nician-managed POCT has a signi�cant 
level of control in terms of validity, interpre-
tation, how the results are used, and incor-
poration of the results into the patient’s 
record. However, it is the patient-obtained 
POCT that raises the most concerns such as 
determining whether such kits are accurate 
and which kits can be used by individual 
patients, where data from unsanctioned kits 
would go, what happens if patients make 
decisions based on a faulty understanding of 

the signi�cance of the results, and how to 
handle data obtained from monitoring 
devices such as smart watches. Answers to 
these and other questions will be key to the 
broader and e�ective use of POCT. [9, 
Rank 5]

Probably the greatest concern with POCT 
is reliability. �e CLIA-waived category 
guarantees simplicity and that problems 
adversely a�ecting patient care pose mini-
mal risk, but not reliability. Simplicity is 
deceptive, however, and there are many 
ways a result can be wrong. Importantly, 
POCT results may not be comparable to 
those from a central laboratory. While the 
results should be comparable within the 
same test system, POCT may use di�erent 
technology than that in central laboratories. 
Di�erences in the quality of the specimen, 
its potential storage before use, and other 

technical factors may also a�ect the results. 
As POCT becomes more widely used, phar-
macists are positioned to investigate this 
critical reliability concern through collabo-
rative research projects.
Another major challenge with patient-initi-
ated POCT is interpreting results. 
Although “normal” parameters can be 
established for all tests, what constitutes 
normal can vary and be a�ected by age, 
gender, diet, medications, co-morbidities, 
etc. �us, while a nonspecialist (including 
the patient) may perform the test, who 

determines what action may need to be 
taken in response to the results is unclear. 
Traditionally, physicians order, review, inter-
pret, and make clinical decisions based on 
test results. However, as POCT expands, 
physicians will not have the capacity to view 
all test results. An alternative may be phar-
macists, the most accessible health-care pro-
fessionals, who serve as �rst point of contact 
in terms of providing the test kits and doing 
an initial interpretation of the results leading 
to a care plan or patient referrals to appro-
priate follow-up care. [10, Rank 2]

A third signi�cant challenge is taking action 
on test results. When a pharmacist does 
POCT, the patient history and a physical 
assessment should take place before deter-
mining whether testing is appropriate. 
However, once determined appropriate, it is 
essential that action be taken on both 
normal and abnormal results. �is can 
involve a direct patient care intervention (ie, 
starting, changing, or stopping drug thera-
py) by the pharmacist, if within their scope 
of practice, including advanced prescribing 
authority and collaborative arrangement or 
referral to an appropriate health care pro-
vider. One example studied for actionability 
is POCT results for infectious diseases. 
Such testing could bene�t patients and rep-
resents an opportunity to expand services in 
community pharmacies. Interestingly, 
about 75% of adults who visit a physician 
for pharyngitis receive a prescription for an 
antibiotic even though less than 5% of such 
problems involve bacteria (most pharyngitis 
is viral). �us, pharmacists treating only 
those cases of pharyngitis accompanied by a 
positive strep test would provide more 
appropriate therapy.
Although the results of POCT ordered by a 
clinician, including pharmacists, should be 
incorporated into the patient’s record, con-
necting POCT devices to an electronic 
medical record, or uploading numerical 
results from tests performed at home or 

other noninstitutional locations, requires a 
compatible computer interface and must 
overcome security and privacy issues. [1, 
Rank 1]
Currently, no electronic record systems are 
designed to accept data from a range of 
health-care providers and certainly not from 
patients themselves. However, with advanc-
es in wireless communication, the way in 
which patients are monitored and the data 
managed will change dramatically. Already, 
numerous consumer devices exist to moni-
tor exercise, heart rate, and other physiolog-
ic parameters. �ese devices are creating 
more personalized health care,4 something 
POCT will further and assist with as it 
tailors interventions to individual patients. 
Inevitably, the role patients take in their 
own health care will increase, and it is possi-
ble that relevant data from these sources 
may become part of a patient’s record.
Increasing the role of patients in their own 
care is appropriate and should be encour-
aged. However, POCT done by nonprofes-
sionals should be limited to simple and 
largely error-proof tests . But even these 
types of tests will yield useful data, and 
problems associated with data interpreta-
tion, appropriate action in response to the 
results, and communication of results to the 
patient’s physician or other relevant health 
care professionals must be addressed. Criti-
cal future needs include resources to assist 

patients in understanding test results (a role 
pharmacists ideally �ll) and data manage-
ment systems that can handle the POCT 
results. Until such systems are in place 
(which may be a long time), it is likely that 
patient-initiated POCT results will remain 
informational, though will hopefully stimu-
late patients to take more formal actions. 
(As shown in �g.13)[9, Rank 4]
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Point-of-care testing kits and equipment are 
considered “medical devices” and must be 
evaluated and approved by government 
agencies in most countries before the results 
can be considered for clinical decision-mak-
ing. In the United States, commercial clini-
cal laboratory tests are regulated by the 
Food and Drug Administration (FDA) to 
ensure they meet safety and e�ectiveness 
standards. A product is considered safe 
when its clinical bene�t to the patient is 
judged to exceed the potential risk associat-
ed with using the technology, and e�ective-
ness is established when clinically signi�-
cant results can be obtained. Medical devic-
es are categorized into classes based on the 
degree of risk posed to the patient: class I 
devices pose low risk, class II devices pose 
moderate risk, and class III devices pose the 
greatest risk. Some countries may accept the 
FDA decision, have comparable agencies 

responsible for approving the use of clinical 
laboratory tests, or simply allow the use of 
such kits without approval. [4, Rank 5]
In the United States, the Centers for Medi-
care & Medicaid Services (CMS) regulate 
all laboratory testing performed on humans 
according to the Clinical Laboratory Im-
provement Amendments (CLIA). �ere are 
three regulatory categories under CLIA, 
based on the potential risk to public health 
associated with the test of interest. Tests can 
fall into the waived category, or into a mod-
erate or high complexity category. For a test 
to be considered CLIA-waived, it must 
employ su�ciently simple and accurate 
methodologies so the risk of erroneous 
results is negligible, or there is no signi�cant 
risk of harm to the patient if the test is per-
formed incorrectly. �ere are more than 
120 waived tests, and these are the types of 
tests making their way into pharmacy prac-
tice because of their minimal regulatory 
oversight.
Signi�cant research into POC assays for 
traumatic brain injury has been driven 
mainly by military research funding because 
of the critical need to assess concussive 
injury in military personnel. Most POC 
methods have been focused on developing 
rapid and sensitive assays for speci�c bio-
markers in serum or cerebrospinal �uid. 
However, there is still debate about which 
biomarkers, or groups of biomarkers, con-

tain the highest diagnostic value. Contin-
ued research will shed new light on the role 
that each play in diagnosing traumatic brain 
injury. Furthermore, it is likely that assess-
ment of traumatic brain injury at the 
point-of-care will include a psychological 
assessment in addition to the quanti�cation 
of biomarkers. [8, Rank 2]

Point-of-care testing ordered by a clinician 
or obtained by a patient through publicly 
available kits have their own challenges. 
Furthermore, how the results are used in 
these situations may di�er. Ideally, the phar-
macist should act in collaboration with the 
patient and other health-care professionals 
to optimize the use of the data obtained 
and, consequently, the clinical outcomes.
Physician- and pharmacist-ordered POCT 
involves an expanding number of tests. Cli-
nician-managed POCT has a signi�cant 
level of control in terms of validity, interpre-
tation, how the results are used, and incor-
poration of the results into the patient’s 
record. However, it is the patient-obtained 
POCT that raises the most concerns such as 
determining whether such kits are accurate 
and which kits can be used by individual 
patients, where data from unsanctioned kits 
would go, what happens if patients make 
decisions based on a faulty understanding of 

the signi�cance of the results, and how to 
handle data obtained from monitoring 
devices such as smart watches. Answers to 
these and other questions will be key to the 
broader and e�ective use of POCT. [9, 
Rank 5]

Probably the greatest concern with POCT 
is reliability. �e CLIA-waived category 
guarantees simplicity and that problems 
adversely a�ecting patient care pose mini-
mal risk, but not reliability. Simplicity is 
deceptive, however, and there are many 
ways a result can be wrong. Importantly, 
POCT results may not be comparable to 
those from a central laboratory. While the 
results should be comparable within the 
same test system, POCT may use di�erent 
technology than that in central laboratories. 
Di�erences in the quality of the specimen, 
its potential storage before use, and other 

technical factors may also a�ect the results. 
As POCT becomes more widely used, phar-
macists are positioned to investigate this 
critical reliability concern through collabo-
rative research projects.
Another major challenge with patient-initi-
ated POCT is interpreting results. 
Although “normal” parameters can be 
established for all tests, what constitutes 
normal can vary and be a�ected by age, 
gender, diet, medications, co-morbidities, 
etc. �us, while a nonspecialist (including 
the patient) may perform the test, who 

determines what action may need to be 
taken in response to the results is unclear. 
Traditionally, physicians order, review, inter-
pret, and make clinical decisions based on 
test results. However, as POCT expands, 
physicians will not have the capacity to view 
all test results. An alternative may be phar-
macists, the most accessible health-care pro-
fessionals, who serve as �rst point of contact 
in terms of providing the test kits and doing 
an initial interpretation of the results leading 
to a care plan or patient referrals to appro-
priate follow-up care. [10, Rank 2]

A third signi�cant challenge is taking action 
on test results. When a pharmacist does 
POCT, the patient history and a physical 
assessment should take place before deter-
mining whether testing is appropriate. 
However, once determined appropriate, it is 
essential that action be taken on both 
normal and abnormal results. �is can 
involve a direct patient care intervention (ie, 
starting, changing, or stopping drug thera-
py) by the pharmacist, if within their scope 
of practice, including advanced prescribing 
authority and collaborative arrangement or 
referral to an appropriate health care pro-
vider. One example studied for actionability 
is POCT results for infectious diseases. 
Such testing could bene�t patients and rep-
resents an opportunity to expand services in 
community pharmacies. Interestingly, 
about 75% of adults who visit a physician 
for pharyngitis receive a prescription for an 
antibiotic even though less than 5% of such 
problems involve bacteria (most pharyngitis 
is viral). �us, pharmacists treating only 
those cases of pharyngitis accompanied by a 
positive strep test would provide more 
appropriate therapy.
Although the results of POCT ordered by a 
clinician, including pharmacists, should be 
incorporated into the patient’s record, con-
necting POCT devices to an electronic 
medical record, or uploading numerical 
results from tests performed at home or 

other noninstitutional locations, requires a 
compatible computer interface and must 
overcome security and privacy issues. [1, 
Rank 1]
Currently, no electronic record systems are 
designed to accept data from a range of 
health-care providers and certainly not from 
patients themselves. However, with advanc-
es in wireless communication, the way in 
which patients are monitored and the data 
managed will change dramatically. Already, 
numerous consumer devices exist to moni-
tor exercise, heart rate, and other physiolog-
ic parameters. �ese devices are creating 
more personalized health care,4 something 
POCT will further and assist with as it 
tailors interventions to individual patients. 
Inevitably, the role patients take in their 
own health care will increase, and it is possi-
ble that relevant data from these sources 
may become part of a patient’s record.
Increasing the role of patients in their own 
care is appropriate and should be encour-
aged. However, POCT done by nonprofes-
sionals should be limited to simple and 
largely error-proof tests . But even these 
types of tests will yield useful data, and 
problems associated with data interpreta-
tion, appropriate action in response to the 
results, and communication of results to the 
patient’s physician or other relevant health 
care professionals must be addressed. Criti-
cal future needs include resources to assist 

patients in understanding test results (a role 
pharmacists ideally �ll) and data manage-
ment systems that can handle the POCT 
results. Until such systems are in place 
(which may be a long time), it is likely that 
patient-initiated POCT results will remain 
informational, though will hopefully stimu-
late patients to take more formal actions. 
(As shown in �g.13)[9, Rank 4]
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Major Upcoming 
Advancements in POCT

Point of Care Testing (POCT)

Point-of-care testing kits and equipment are 
considered “medical devices” and must be 
evaluated and approved by government 
agencies in most countries before the results 
can be considered for clinical decision-mak-
ing. In the United States, commercial clini-
cal laboratory tests are regulated by the 
Food and Drug Administration (FDA) to 
ensure they meet safety and e�ectiveness 
standards. A product is considered safe 
when its clinical bene�t to the patient is 
judged to exceed the potential risk associat-
ed with using the technology, and e�ective-
ness is established when clinically signi�-
cant results can be obtained. Medical devic-
es are categorized into classes based on the 
degree of risk posed to the patient: class I 
devices pose low risk, class II devices pose 
moderate risk, and class III devices pose the 
greatest risk. Some countries may accept the 
FDA decision, have comparable agencies 

responsible for approving the use of clinical 
laboratory tests, or simply allow the use of 
such kits without approval. [4, Rank 5]
In the United States, the Centers for Medi-
care & Medicaid Services (CMS) regulate 
all laboratory testing performed on humans 
according to the Clinical Laboratory Im-
provement Amendments (CLIA). �ere are 
three regulatory categories under CLIA, 
based on the potential risk to public health 
associated with the test of interest. Tests can 
fall into the waived category, or into a mod-
erate or high complexity category. For a test 
to be considered CLIA-waived, it must 
employ su�ciently simple and accurate 
methodologies so the risk of erroneous 
results is negligible, or there is no signi�cant 
risk of harm to the patient if the test is per-
formed incorrectly. �ere are more than 
120 waived tests, and these are the types of 
tests making their way into pharmacy prac-
tice because of their minimal regulatory 
oversight.
Signi�cant research into POC assays for 
traumatic brain injury has been driven 
mainly by military research funding because 
of the critical need to assess concussive 
injury in military personnel. Most POC 
methods have been focused on developing 
rapid and sensitive assays for speci�c bio-
markers in serum or cerebrospinal �uid. 
However, there is still debate about which 
biomarkers, or groups of biomarkers, con-

tain the highest diagnostic value. Contin-
ued research will shed new light on the role 
that each play in diagnosing traumatic brain 
injury. Furthermore, it is likely that assess-
ment of traumatic brain injury at the 
point-of-care will include a psychological 
assessment in addition to the quanti�cation 
of biomarkers. [8, Rank 2]

Point-of-care testing ordered by a clinician 
or obtained by a patient through publicly 
available kits have their own challenges. 
Furthermore, how the results are used in 
these situations may di�er. Ideally, the phar-
macist should act in collaboration with the 
patient and other health-care professionals 
to optimize the use of the data obtained 
and, consequently, the clinical outcomes.
Physician- and pharmacist-ordered POCT 
involves an expanding number of tests. Cli-
nician-managed POCT has a signi�cant 
level of control in terms of validity, interpre-
tation, how the results are used, and incor-
poration of the results into the patient’s 
record. However, it is the patient-obtained 
POCT that raises the most concerns such as 
determining whether such kits are accurate 
and which kits can be used by individual 
patients, where data from unsanctioned kits 
would go, what happens if patients make 
decisions based on a faulty understanding of 

the signi�cance of the results, and how to 
handle data obtained from monitoring 
devices such as smart watches. Answers to 
these and other questions will be key to the 
broader and e�ective use of POCT. [9, 
Rank 5]

Probably the greatest concern with POCT 
is reliability. �e CLIA-waived category 
guarantees simplicity and that problems 
adversely a�ecting patient care pose mini-
mal risk, but not reliability. Simplicity is 
deceptive, however, and there are many 
ways a result can be wrong. Importantly, 
POCT results may not be comparable to 
those from a central laboratory. While the 
results should be comparable within the 
same test system, POCT may use di�erent 
technology than that in central laboratories. 
Di�erences in the quality of the specimen, 
its potential storage before use, and other 

technical factors may also a�ect the results. 
As POCT becomes more widely used, phar-
macists are positioned to investigate this 
critical reliability concern through collabo-
rative research projects.
Another major challenge with patient-initi-
ated POCT is interpreting results. 
Although “normal” parameters can be 
established for all tests, what constitutes 
normal can vary and be a�ected by age, 
gender, diet, medications, co-morbidities, 
etc. �us, while a nonspecialist (including 
the patient) may perform the test, who 

determines what action may need to be 
taken in response to the results is unclear. 
Traditionally, physicians order, review, inter-
pret, and make clinical decisions based on 
test results. However, as POCT expands, 
physicians will not have the capacity to view 
all test results. An alternative may be phar-
macists, the most accessible health-care pro-
fessionals, who serve as �rst point of contact 
in terms of providing the test kits and doing 
an initial interpretation of the results leading 
to a care plan or patient referrals to appro-
priate follow-up care. [10, Rank 2]

A third signi�cant challenge is taking action 
on test results. When a pharmacist does 
POCT, the patient history and a physical 
assessment should take place before deter-
mining whether testing is appropriate. 
However, once determined appropriate, it is 
essential that action be taken on both 
normal and abnormal results. �is can 
involve a direct patient care intervention (ie, 
starting, changing, or stopping drug thera-
py) by the pharmacist, if within their scope 
of practice, including advanced prescribing 
authority and collaborative arrangement or 
referral to an appropriate health care pro-
vider. One example studied for actionability 
is POCT results for infectious diseases. 
Such testing could bene�t patients and rep-
resents an opportunity to expand services in 
community pharmacies. Interestingly, 
about 75% of adults who visit a physician 
for pharyngitis receive a prescription for an 
antibiotic even though less than 5% of such 
problems involve bacteria (most pharyngitis 
is viral). �us, pharmacists treating only 
those cases of pharyngitis accompanied by a 
positive strep test would provide more 
appropriate therapy.
Although the results of POCT ordered by a 
clinician, including pharmacists, should be 
incorporated into the patient’s record, con-
necting POCT devices to an electronic 
medical record, or uploading numerical 
results from tests performed at home or 

other noninstitutional locations, requires a 
compatible computer interface and must 
overcome security and privacy issues. [1, 
Rank 1]
Currently, no electronic record systems are 
designed to accept data from a range of 
health-care providers and certainly not from 
patients themselves. However, with advanc-
es in wireless communication, the way in 
which patients are monitored and the data 
managed will change dramatically. Already, 
numerous consumer devices exist to moni-
tor exercise, heart rate, and other physiolog-
ic parameters. �ese devices are creating 
more personalized health care,4 something 
POCT will further and assist with as it 
tailors interventions to individual patients. 
Inevitably, the role patients take in their 
own health care will increase, and it is possi-
ble that relevant data from these sources 
may become part of a patient’s record.
Increasing the role of patients in their own 
care is appropriate and should be encour-
aged. However, POCT done by nonprofes-
sionals should be limited to simple and 
largely error-proof tests . But even these 
types of tests will yield useful data, and 
problems associated with data interpreta-
tion, appropriate action in response to the 
results, and communication of results to the 
patient’s physician or other relevant health 
care professionals must be addressed. Criti-
cal future needs include resources to assist 

patients in understanding test results (a role 
pharmacists ideally �ll) and data manage-
ment systems that can handle the POCT 
results. Until such systems are in place 
(which may be a long time), it is likely that 
patient-initiated POCT results will remain 
informational, though will hopefully stimu-
late patients to take more formal actions. 
(As shown in �g.13)[9, Rank 4]

A major opportunity for POCT connectivi-
ty relates to infectious disease diagnosis and 
disease management. Smartphone-connect-
ed diagnostic tests with geo-referencing 
information could help prevent the spread 
of epidemics and transform the approach to 
global health. POCT could facilitate rapid 
diagnosis from simple blood pin-pricks or 
non-invasive swabs. Technologies currently 
under development aim for an operator 
without specialized training to safely collect 
and test a sample in the �eld within min-
utes. In brief, this provides faster con�rma-
tions without the necessity to send many 
samples to reference labs such as the CDC 
Atlanta, avoiding a process that can take 
days or even weeks before results are report-
ed (delaying the response to outbreaks). 
While we highlight recent advances in 

POCT for infectious diseases below, we 
note that given the increase of non-commu-
nicable diseases within LMICs and 
LDCs—cardiovascular diseases and cancer 
have been the two highest causes of mortali-
ty—there is also very signi�cant potential 
for use of POCT within these disease areas.

Advances in portable diagnostic technology 
have enabled multiple methods of pathogen 
detection that can be employed at (or close 
to) the point-of-care. Rapidly deployable, 
mobile labs and handheld sensor units can 
provide rapid pathogen identi�cation and 
con�rmation. Connecting results from a 
wide array of these tests with geospatial 
information could enable more rapid out-
break detection and a more e�ective public 
health response. Such a network of sensors 
could complement developing national bio-
surveillance systems and provide a platform 
for coordinated international response to 
emerging biothreats. [12, Rank 3]
Miniaturised sensing systems that use or 
connect to a smartphone are of particular 
interest, as they may be widely deployed 
and be more broadly integrated into 
disease-monitoring networks. Analytical 
techniques that may be integrated with a 
smartphone analyzer include nucleo-
tide-based detection strategies (PCR, 
LAMP) and antibody-based detection (lat-
eral �ow, acoustic wave, or other immuno-

assay approaches). While these approaches 
generally require prior knowledge of the 
pathogen of interest, assay multiplexing is 
becoming increasingly feasible. Additional-
ly, portable mass spectrometry and minia-
turized sequencing strategies may soon 
enable portable, novel pathogen detection. 
In addition to providing pathogen identi�-
cation or con�rmation, portable analytical 
strategies have recently been combined with 
rapid incubation or culture methods to pro-
vide antibiotic resistance information in as 
few as 30 min. Rapid detection of develop-
ing antibiotic resistance though networked 
sensors could help ensure proper initial 
treatment and containment in an epidemic. 
[19, Rank 2]

®



30

Open Data Platforms 

for Infectious Diseases

Rapid Gene 

Sequencing Technologies

Point of Care Testing (POCT)

Point-of-care testing kits and equipment are 
considered “medical devices” and must be 
evaluated and approved by government 
agencies in most countries before the results 
can be considered for clinical decision-mak-
ing. In the United States, commercial clini-
cal laboratory tests are regulated by the 
Food and Drug Administration (FDA) to 
ensure they meet safety and e�ectiveness 
standards. A product is considered safe 
when its clinical bene�t to the patient is 
judged to exceed the potential risk associat-
ed with using the technology, and e�ective-
ness is established when clinically signi�-
cant results can be obtained. Medical devic-
es are categorized into classes based on the 
degree of risk posed to the patient: class I 
devices pose low risk, class II devices pose 
moderate risk, and class III devices pose the 
greatest risk. Some countries may accept the 
FDA decision, have comparable agencies 

responsible for approving the use of clinical 
laboratory tests, or simply allow the use of 
such kits without approval. [4, Rank 5]
In the United States, the Centers for Medi-
care & Medicaid Services (CMS) regulate 
all laboratory testing performed on humans 
according to the Clinical Laboratory Im-
provement Amendments (CLIA). �ere are 
three regulatory categories under CLIA, 
based on the potential risk to public health 
associated with the test of interest. Tests can 
fall into the waived category, or into a mod-
erate or high complexity category. For a test 
to be considered CLIA-waived, it must 
employ su�ciently simple and accurate 
methodologies so the risk of erroneous 
results is negligible, or there is no signi�cant 
risk of harm to the patient if the test is per-
formed incorrectly. �ere are more than 
120 waived tests, and these are the types of 
tests making their way into pharmacy prac-
tice because of their minimal regulatory 
oversight.
Signi�cant research into POC assays for 
traumatic brain injury has been driven 
mainly by military research funding because 
of the critical need to assess concussive 
injury in military personnel. Most POC 
methods have been focused on developing 
rapid and sensitive assays for speci�c bio-
markers in serum or cerebrospinal �uid. 
However, there is still debate about which 
biomarkers, or groups of biomarkers, con-

tain the highest diagnostic value. Contin-
ued research will shed new light on the role 
that each play in diagnosing traumatic brain 
injury. Furthermore, it is likely that assess-
ment of traumatic brain injury at the 
point-of-care will include a psychological 
assessment in addition to the quanti�cation 
of biomarkers. [8, Rank 2]

A major opportunity for POCT connectivi-
ty relates to infectious disease diagnosis and 
disease management. Smartphone-connect-
ed diagnostic tests with geo-referencing 
information could help prevent the spread 
of epidemics and transform the approach to 
global health. POCT could facilitate rapid 
diagnosis from simple blood pin-pricks or 
non-invasive swabs. Technologies currently 
under development aim for an operator 
without specialized training to safely collect 
and test a sample in the �eld within min-
utes. In brief, this provides faster con�rma-
tions without the necessity to send many 
samples to reference labs such as the CDC 
Atlanta, avoiding a process that can take 
days or even weeks before results are report-
ed (delaying the response to outbreaks). 
While we highlight recent advances in 

POCT for infectious diseases below, we 
note that given the increase of non-commu-
nicable diseases within LMICs and 
LDCs—cardiovascular diseases and cancer 
have been the two highest causes of mortali-
ty—there is also very signi�cant potential 
for use of POCT within these disease areas.

Advances in portable diagnostic technology 
have enabled multiple methods of pathogen 
detection that can be employed at (or close 
to) the point-of-care. Rapidly deployable, 
mobile labs and handheld sensor units can 
provide rapid pathogen identi�cation and 
con�rmation. Connecting results from a 
wide array of these tests with geospatial 
information could enable more rapid out-
break detection and a more e�ective public 
health response. Such a network of sensors 
could complement developing national bio-
surveillance systems and provide a platform 
for coordinated international response to 
emerging biothreats. [12, Rank 3]
Miniaturised sensing systems that use or 
connect to a smartphone are of particular 
interest, as they may be widely deployed 
and be more broadly integrated into 
disease-monitoring networks. Analytical 
techniques that may be integrated with a 
smartphone analyzer include nucleo-
tide-based detection strategies (PCR, 
LAMP) and antibody-based detection (lat-
eral �ow, acoustic wave, or other immuno-

assay approaches). While these approaches 
generally require prior knowledge of the 
pathogen of interest, assay multiplexing is 
becoming increasingly feasible. Additional-
ly, portable mass spectrometry and minia-
turized sequencing strategies may soon 
enable portable, novel pathogen detection. 
In addition to providing pathogen identi�-
cation or con�rmation, portable analytical 
strategies have recently been combined with 
rapid incubation or culture methods to pro-
vide antibiotic resistance information in as 
few as 30 min. Rapid detection of develop-
ing antibiotic resistance though networked 
sensors could help ensure proper initial 
treatment and containment in an epidemic. 
[19, Rank 2]

Several open data platforms for infectious 
diseases have been deployed in developed or 
medium income countries, and may serve 
as a model for broader open platforms in 
resource limited areas. Real-time geo-track-
ing resources utilize user feedback, news 
outlets, and o�cial reports to track out-
breaks in real time. In fact, the US federal 
government has created several open access 
databases under the umbrella of the Nation-
al Institute of Health’s Bioinformatics 

Rapid gene sequencing technologies aid 
quick response to disease outbreaks, by 
identifying the virulence factor and the path 
of disease transmission. While this tech-
nique has generally been applied within 
centralized or regional laboratories, POC 
implementations are increasingly possible. 
Nanopore recording of DNA/RNA translo-
cation is a promising technology in 
low-cost, rapid sequencing with sampling 
rates over 10k Samples. With a fast sequenc-
ing rate, the nanopore-based sequencing has 
a potential to reduce the detection time, 
and provide information about sub-strains 
and therapeutic resistance during an out-
break. [26, Rank 5]
Integrated complementary metal–ox-
ide–semiconductor (CMOS) bioelectronic 
systems have also been developed, which 
incorporate the nanopore directly on the 
CMOS surface to reduce the noise source 

Resource Centers (BRCs) for Infectious 
Diseases, to assist researchers studying 
infectious diseases. �ese e�orts are hap-
pening globally, at a broader level, showing 
the relevance of the topic and how political 
commitment is changing the paradigm in 
di�erent nations.

and maximize the sampling rate. Using the 
high-density integration of CMOS inte-
grated circuits, many nanopores can poten-
tially record DNA translocations in parallel, 
yielding a much higher sequencing rate.. 
Recently, a genome sequencing system was 
used to support a rapid outbreak response 
by characterizing the infectious agent in 
Guinea with the ongoing epidemic
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Antimicrobial Resistance

Point of Care Testing (POCT)

Point-of-care testing kits and equipment are 
considered “medical devices” and must be 
evaluated and approved by government 
agencies in most countries before the results 
can be considered for clinical decision-mak-
ing. In the United States, commercial clini-
cal laboratory tests are regulated by the 
Food and Drug Administration (FDA) to 
ensure they meet safety and e�ectiveness 
standards. A product is considered safe 
when its clinical bene�t to the patient is 
judged to exceed the potential risk associat-
ed with using the technology, and e�ective-
ness is established when clinically signi�-
cant results can be obtained. Medical devic-
es are categorized into classes based on the 
degree of risk posed to the patient: class I 
devices pose low risk, class II devices pose 
moderate risk, and class III devices pose the 
greatest risk. Some countries may accept the 
FDA decision, have comparable agencies 

responsible for approving the use of clinical 
laboratory tests, or simply allow the use of 
such kits without approval. [4, Rank 5]
In the United States, the Centers for Medi-
care & Medicaid Services (CMS) regulate 
all laboratory testing performed on humans 
according to the Clinical Laboratory Im-
provement Amendments (CLIA). �ere are 
three regulatory categories under CLIA, 
based on the potential risk to public health 
associated with the test of interest. Tests can 
fall into the waived category, or into a mod-
erate or high complexity category. For a test 
to be considered CLIA-waived, it must 
employ su�ciently simple and accurate 
methodologies so the risk of erroneous 
results is negligible, or there is no signi�cant 
risk of harm to the patient if the test is per-
formed incorrectly. �ere are more than 
120 waived tests, and these are the types of 
tests making their way into pharmacy prac-
tice because of their minimal regulatory 
oversight.
Signi�cant research into POC assays for 
traumatic brain injury has been driven 
mainly by military research funding because 
of the critical need to assess concussive 
injury in military personnel. Most POC 
methods have been focused on developing 
rapid and sensitive assays for speci�c bio-
markers in serum or cerebrospinal �uid. 
However, there is still debate about which 
biomarkers, or groups of biomarkers, con-

tain the highest diagnostic value. Contin-
ued research will shed new light on the role 
that each play in diagnosing traumatic brain 
injury. Furthermore, it is likely that assess-
ment of traumatic brain injury at the 
point-of-care will include a psychological 
assessment in addition to the quanti�cation 
of biomarkers. [8, Rank 2]

Rapid gene sequencing technologies aid 
quick response to disease outbreaks, by 
identifying the virulence factor and the path 
of disease transmission. While this tech-
nique has generally been applied within 
centralized or regional laboratories, POC 
implementations are increasingly possible. 
Nanopore recording of DNA/RNA translo-
cation is a promising technology in 
low-cost, rapid sequencing with sampling 
rates over 10k Samples. With a fast sequenc-
ing rate, the nanopore-based sequencing has 
a potential to reduce the detection time, 
and provide information about sub-strains 
and therapeutic resistance during an out-
break. [26, Rank 5]
Integrated complementary metal–ox-
ide–semiconductor (CMOS) bioelectronic 
systems have also been developed, which 
incorporate the nanopore directly on the 
CMOS surface to reduce the noise source 

and maximize the sampling rate. Using the 
high-density integration of CMOS inte-
grated circuits, many nanopores can poten-
tially record DNA translocations in parallel, 
yielding a much higher sequencing rate.. 
Recently, a genome sequencing system was 
used to support a rapid outbreak response 
by characterizing the infectious agent in 
Guinea with the ongoing epidemic

POCT could play an important role in sup-
porting the management of conditions for 
individual patients and also provide wider 
control of STIs within developed countries. 
Novel and more e�ective screening tech-
niques for Antimicrobial resistance (AMR) 
are particularly relevant in LMICs and 
LDCs. �ese countries have the majority of 
global incidents of STIs, but the health 
systems are not well-resourced to manage 
them. As an example, gonorrhoea is a signif-
icant public health concern with AMR in 
Neisseria gonorrhoea and so there is an 
urgent need for new antimicrobials and 
action for control. [28, Rank 4]
Multiple e�orts are being developed around 
the topic of antimicrobial susceptibility. �e 
technique provides an array of micro-chan-
nels to monitor microbial growth in broth 
microdilutions, by detecting and measuring 

the mass of individual microbes. Results 
have shown that a rapid antimicrobial sus-
ceptibility testing (AST) produces correct 
and repeatable outputs in both lyophilized
and freshly prepared liquid antibiotic panels 
in under three hours.
�e applicability of POCT can be greatly 
enhanced if the testing procedures are made 
available in a portable fashion. Aligned with 
such goal, the researchers propose a method 
for hand-held molecular diagnostics. In 
their proposed approach, an electronic 
module based on polymerase chain reaction 
is reportedly able to use a reagent to detect 
the presence of a target amplicon within an 
input sample. [27, Rank 5]
Re�ecting the urgent need for countermeas-
ures to the potential development and rapid 
global spread of infectious diseases, the 
United States’ National Health Institute 
(NIH) and Biomedical Advanced Research 
and Development Authority (BARDA) 
jointly held a $20 million contest challeng-
ing groups to develop rapid POC diagnostic 
tests for antimicrobial resistant bacteria. 
�e approaches that are adopted are likely 
to include advances in transduction mecha-
nisms, micro�uidics and use of machine 
learning to distinguish between viral and 
microbial infections, as well as the develop-
ment of assay capable of identifying drug 
resistant bacteria.
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Future Directions

Conclusion

*Important information for post-test are highlighted 
in red letters, boxes and diagrams.

Point of Care Testing (POCT)

�e biggest challenge in getting portable 
diagnostic tests into the veterinary market is 
not convincing veterinarians to use them. 
Once a test is proven to provide a reliable 
basis on which a veterinarian can make a 
clinical decision, the hurdles of cost, ease of 
use, and storage stability are still critical. 
�e cost of the technologies included in 
portable tests is going down fast. Tests that 
use glucose meters or cell phones to analyze 
milk samples are in the research phase. Fab-
rication technologies, including cloned rea-
gents, especially synthetic antibodies, ink jet 
printing of biologics and optoelectronic 
circuits, organic optics, and roll-to-roll fab-
rication and assembly of devices will bring 
the cost down and enable the production of 
more robust and disposable tests. [21, Rank 
4]

All countries face a gap between the funding 
that is needed to support healthcare infra-
structure and the amount of funding that is 
actually available to meet these needs. �is 

gap can in part be addressed through the use 
of connected POCT devices with AI/ma-
chine learning for enhanced sensing. �is 
o�ers the huge possibility for earlier identi-
�cation of disease where treatment is likely 
to be more e�ective as compared to a 
patient with symptomatic disease at a late 
stage. It also o�ers the urgently needed pos-
sibility of delivering care in a decentralised 
way within primary and tertiary care 
settings. Realisation of this vision will 
require considerable inter-disciplinary e�ort 
including in: chemistry, materials, biology, 
electronics, mechanics, micro and nano-
technologies, photonics, biotechnology, 
and particularly AI/machine learning. �ere 
are likely to be continued innovation in 
micro�uidics, transducers, chemistry/biolo-
gy, and AI/machine learning, which will 
help to unlock the full potential of POCT 
to transform testing and improve human 
health. 
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