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Analysis of Glucose, Cholesterol, and Triglyceride in Blood
by a Novel Point-of-care Device: Validation and Interim
Analysis
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A b s t r ac t
HaemurEx is a novel point-of-care (POC) battery-operated photo analyzer device designed for the potential clinical purpose(s). This novel device,
if deployed in all primary health centers and subcenters and outreach clinics in combination with provisioning of physician consultation and
essential medicine, can advance universal access to healthcare in countries like India. This device weighs approximately 500 g. It can analyze
routine clinical chemistry parameters of blood and urine and transmitting them to a remote health platform which further needs validation
by future studies. The validation study of this device is initiated to assess the comparability of HaemurEx with gold standards and determine
the margin of error and the correction factor required to calibrate the analyzer further. In this study, glucose, total cholesterol, and triglyceride
estimations were performed using HaemurEx by low-skill healthcare professionals, and the accuracy of these tests was done by comparison
with the gold standard which was found to be in the range of 82–91%. HaemurEx as a screening tool has the potential to significantly impact
the diagnosis and treatment of different diseases at the POC.
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I n t r o d u c t i o n
Providing affordable, accessible, and quality healthcare service in
the majority of the developing countries including India remains
a challenge. One of the significant costs of healthcare to a patient
is related to the travel to a distant facility for routine testing. Our
study reveals that 30% of the population still needs to travel 20
km to access any healthcare facility,1 incurring additional expense,
which is equivalent to earning of a day, for a single such visit. Apart
from the gap in rural healthcare, the growing needs of home care in
urban infrastructure requires cost-effective, practical solutions for
monitoring at home and connecting to the healthcare providers,
bringing down the cost to the patient.2,3
Concepts of the point of care (POC) was developed to address
these issues.4,5 Generally, POC are small analytical instruments
or devices which facilitate the diagnosis without mandating the
patients to visit the pathological laboratory. As because of their tiny
size in comparison to the standards instruments of the laboratory,
they are easy to handle, able to deliver very quick results compared
with the lengthy methods of the laboratories.6–9 Keeping the
increasing popularity toward delivering quick results, Arogyam
Medisoft Solutions Pvt. Ltd., India has developed HaemurEx,10 a
POC photo analyzer for clinical use.
The ability to test these biomarkers at POC, specifically in rural
healthcare and home care can be beneficial for the successful
management of various disease conditions, such as diabetes
mellitus, renal impairment, chronic nephritis, obstruction of
the urinary tract, muscle dystrophy, various renal disease, gout,
hypolipoproteinemia, liver function, biliary function, Intestinal
absorption, thyroid function, adrenal disease, coronary artery
disease, and cirrhosis of the liver.11–15 This can also be useful for
detecting and managing other diseases/underlying symptoms,
indicated through the level of those substances or cellular materials
in the blood.16,17
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In the present study, approaches had been made to compare
the results of basic essential clinical parameters based on blood,
obtained from conventional laboratory methods with the data
obtained from HaemurEx, POC device.
HaemurEx, a POC device is a photometer. It works on the
principle of reflectometry and analysis of visible light spectrum,
using a machine learning-based algorithm. It runs on an internal
battery and can be charged through a power adapter. It has a touch
screen display.10 HaemurEx, the analyzer is <500 g of weight, runs
on an in-built battery and uses a smartphone interface, and also
can be taken to distant areas easily. It has an insertion slot, through
which a tray with exposed reagent can be inserted.
In its current design, there are two different kinds of trays, one
is for analyzing blood parameters and another is for analyzing
urine parameters.
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It can test:
• Hemoglobin, hematocrit, bilirubin (total, direct, and indirect),
SGPT, SGOT, cholesterol (total, HDL, and LDL), triglyceride,
albumin, creatinine, urea, uric acid, glucose, and ketone in blood.
• Glucose, protein, ketone, bilirubin, leukocytes, nitrite,
urobilinogen, leukocytes, specific gravity, and pH in urine.
A small amount of blood serum is mixed with required reagents
to detect the level of specific biomarkers in blood for a specific
time duration at room temperature (15–35°C). The blood serum,
exposed to reagents, is then put in a small tube and inserted in
HaemurEx. Patient and sample identifiers are typed in and a switch
is pressed. The result is displayed on the screen between 2 seconds
and 180 seconds based on the type of biomarkers being tested.
Whole blood is used instead of serum for the test of hemoglobin.
For urine-based parameters, the dipstick method is used to insert
a strip with a reagent pad in the urine pot and then insert it in the
device in the specific slot with the specific tray.
The Central Drugs Standard Control Organization (CDSCO),
India has issued a no-objection certificate of its use with CDSCO
approved reagents for this POC device (HaemurEx) (CDSCO NOC
NO IVD/NOC/2019).18 Approved reagents from Anamol Laboratories
Pvt. Ltd. (anamollabs.com) for respective tests have been used for
this device.19
HaemurEx can transmit test results along with patient
and sample identifiers to a remote server by transmitting the
information in asynchronous mode using secured http protocol to a
cloud server. Its cloud server is hosted on European Union General
Data Protection Regulation (EU GDPR) and HIPPA compliant Google
Cloud Platform. 20,21 HaemurEx does not store any information
on the POC device, the information is transmitted through a
secured http channel. All information including protected health
information (PHI) is stored private and confidential on the HaemurEx
cloud server.10

M at e r ia l s

and

M e t h o d s

As the functionality and features of HaemurEx are found to have
a novel application in the area of rural and remote healthcare, an
observational clinical study is initiated in the in-patient department
of the School of Tropical Medicine, Kolkata with the following
objectives:

•

Study Design and Methodology
For each of the biomarker parameters, quality controls (QCs) of the
device are ensured for each of these tests by calibrator solutions
(blank/internal standard/control). Following recommendations
from US FDA guidance for industry for bioanalytical method
validation, released on May 201823 had been used for this purpose.
Four QCs, including a lower limit of quantitation (LLOQ), low (L:
defined as three times the LLOQ), mid (M: defined as mid-range),
and high (H: defined as high-range) from 10 replicates in five runs
were used to establish accuracy and precision.
The following acceptance criteria are considered to meet the
requirement of the calibration curve:
Accuracy: Within-run and between-run: • ± 15% of nominal
concentrations; except ± 20% at LLOQ. Precision: Within-run and
between-runs: • ± 15% CV (coefficient of variation), except ± 20%
CV at LLOQ.
For each of the biomarker parameters, a minimum of 40 samples
in each of the ranges [low (L: defined as three times the LLOQ), mid
(M: defined as mid-range), and high (H: defined as high-range)]
are to be compared with the result received from the standard
equipment.
At the first stage, a group of 40 test results would be assessed
in the study and to evaluate if the calibration curve for the device
would require adjustment or not. A total of 400 samples are
considered for the completion of the full validation.
For each of the stages, blood samples are utilized which were
otherwise provided by the patients admitted for their current
treatment plan. A purposive convenience sampling procedure is
used for sampling. Following steps are followed to test the level of
the biomarker using HaemurEx:
•

Study Objectives

•

otherwise have been advised blood examination by the treating
physician as part of their current treatment plan were included in
the study.

To assess the comparability of the proposed apparatus with
gold standards for the estimation of glucose, total cholesterol,
and triglyceride in the blood, in the first phase of validation.
To determine the margin of error and the correction factor
required to fine-tune the performance of the apparatus for the
above-mentioned parameters in blood.

Ethical Considerations
The study protocol and related documents were reviewed and
approved by the Clinical Research Ethics Committee of Calcutta
School of Tropical Medicine; Kolkata vide letter no. CREC-STM/542
dated 20.04.2019. Ethical clearance was obtained before the
initiation of the study. Written informed consent was also obtained
from the patients.22

Study Population
Adult (18–80 years) individuals of either sex, admitted at the
in-patient’s department, School of Tropical Medicine, Kolkata, who

•

•
•

The serum is separated from 1 mL of blood using a clot activator
vial.
The required amount of serum is mixed with appropriate
reagents in a 50 μL test tube using a micropipette and kept in
the room temperature, which can vary between 20°C and 25°C
for a specified time, and also can vary between 10 minutes and
20 minutes based on the biomarker, whose level is to be tested.
No incubator is used.
The test tube is inserted in HaemurEx in a specific slot, patient
identifier and sample identifier are entered and a green button
is pressed.
Test result along with patient identifier and sample identifier is
stored on the remote platform automatically. The listing of the
results can be viewed from the internet or any mobile device.
Results received from the standard equipment (ERBA autoanalyzer Model no. XL-600) in the Department of Laboratory
Medicine were compared with results received from the
apparatus under study.

Comparisons of results are being observed when different
operators use the same make of the apparatus understudy when
different operators use the different makes of the apparatus under
study. The endpoint for each of the parameters is marked when the
accuracy of the test is >85% and both specificity and sensitivity
are >80%. The margin of error and correction factor was determined
through statistical methods.
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Method of Validation
At the first stage, the group of test results would be assessed in the
study and to evaluate if the calibration curve for the device would
require adjustment or not. Results received from the standard
equipment and the correction factor together are used to compare
the result received from the apparatus understudy for its specificity,
sensitivity, and accuracy for each of the tests. This technical report

publishes the results and observations from the study done so far
and mentions the next steps.
Bland–Altman plot method24,25 is used to estimate agreement
between the results from the standard equipment and the results
received from the apparatus understudy and ROC plot for specific
tests are arrived at Figure 1. Specificity, sensitivity, and accuracy
from the results received from the apparatus under study are

Figs 1A to F: Bland–Altman plot and ROC curve for agreement analysis between different parameters measured thorough HaemurEx and standard
protocol with 95% confidence interval
16
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Table 1: Specificity, sensitivity, and accuracy estimation of HaemurEx device for different parameters
S. no.
1
2
3

Parameters
Glucose
Total cholesterol
Triglyceride

No. of samples
68
72
51

Specificity

Sensitivity

Accuracy

Correlation coefficient (r)

%
92.31
84.85
82.05

%
87.5
50
83.88

%
91.18
81.94
82.35

%
87
86
80

Sensitivity is a probability that a test result will be positive when the disease is present
Specificity is a probability that a test result will be negative when the disease is not present
Accuracy is the overall probability that a patient will be correctly classified

Table 2: Incubation time and accuracy level of HaemurEx device for different parameters
S. no.
1
2
3

Parameters
Glucose
Total cholesterol
Triglyceride

Incubation time prescribed
for 37°C (minute)
10
10
10

calculated and correlation between the results from the apparatus
and standard equipment is calculated (Table 1). Statistical analyses
are performed using MedCalc for Windows (MedCalc Software,
Ostend, Belgium).26

R e s u lts
The first stage of the validation for the following biomarkers is
completed: glucose, total cholesterol, and triglyceride. Below is
the table with observed specificity, sensitivity, and accuracy of the
tests along with correlation coefficient (r) (Table 1).

D i s c u s s i o n
While HaemurEx requires similar methods of drawing blood and
uses similar reagents like traditional laboratory equipment, the
tests were conducted without the use of any centrifuge, mixer, and
incubator. The observed accuracy was above the desired endpoint
for this stage of the pilot validation study and it has been decided
to move to the next stage of the study, where accuracy would be
calculated with a full sample size.
The incubation of the exposed reagents and the tests were
done at room temperature (20–25°C). We have also observed that
the variation between the results coming from HaemurEx and the
result coming from the gold standard equipment is less if incubation
time at room temperature is allowed more than the incubation time,
prescribed for 25°C (Table 2).
To improve the percentage of accuracy further, because temp of
20–25° may not be the room temperature in rural setups especially
due to seasonal variation, it has been decided to study the effect of
temperature with each degree change with respect to incubation
period for a range of ±10°.

C o n c lu s i o n
The ease of use, portability, no dependence on the external power
supply and calibration-independent nature of HaemurEx allows it to
be a good candidate for a POC testing instrument in rural healthcare
and homecare. Coupled with new-age technology of tele-enabled
digital ECG and other devices connected to a digital health platform,
this novel system can be deployed in all primary health centers and
subcenters and outreach clinics in combination with provisioning

Incubation time considered
for tests at 20–25°C (minute)
15
10
10

Accuracy%
91.18
81.94
82.35

of physician consultation and essential medicine, and can advance
universal access to healthcare in countries like India.

C l i n i c a l S i g n i f i c a n c e
HaemurEx device is a portable tele-enabled, battery-operated; POC
photo analyzer, designed for the potential clinical purpose(s) with
a cloud-based lightweight telehealth management system. It can
test 25 clinical chemistry parameters blood and urine related to
diabetes management, liver, cardiovascular, hypertension, kidney
function, and other non-communicable diseases. It has been also
proved to be beneficial in maintaining the child’s and mother’s
health in primary health set up. The accuracy and high sensitivity of
this device lead to the appropriate diagnosis of diseases. This device
helps the diagnostic technicians to perform a large number of tests
in a very small time with high accuracy which helps in the area of
workflow and performance optimization, quality management,
and training. It helps in the early screening of diseases which leads
to early treatment decisions and treatment monitoring resulting
in a fewer number of deaths especially in the rural parts of India.
Moreover, in the current pandemic situation, digital health
platform is providing overall health coverage and has become a
vital tool to serve the vulnerable. Thus, HaemurEx along with its
cloud-based telehealth platform can improve preventive health
and wellness and as well can reduce pressure on hospitals. This,
in turn, can advance universal access to healthcare in countries
like India.
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