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ABSTRACT
Introduction: The Coronavirus Disease-2019 (COVID-19) pandemic 
has affected the entire world. The need of timely detection of the 
virus has been of prime importance and the efforts to develop 
sensitive, specific, rapid, portable and cost-effective diagnostic 
methods promoted the indigenous development of TrueNat 
testing for viral load in COVID-19 detection which had been 
previously designed for detection of tuberculosis and other infectious 
organisms.

Aim: To see the importance of TrueNat testing among symptomatic 
and asymptomatic cases in different age groups and gender. 

Materials and Methods: This retrospective study conducted 
in the Department of Microbiology, Autonomous State Medical 
College and SNM Hospital, Firozabad, Uttar Pradesh, India, 
from June 2020 to May 2021, a total of 4,659 samples were 
collected from patients (Influenza Like Illness (ILI), Severe Acute 
Respiratory Illness (SARI), symptomatic, asymptomatic, those 
seeking hospitalisation, emergency), contacts and travellers 
and were subjected to testing by TrueNat (Molbio Quattro). The 
cases were divided into group A of patients who presented with 
symptoms ≤7 days; group B of patients who presented with signs 

and symptoms >7 days and group C comprised of asymptomatic 
patients. The symptoms of patients were associated with the 
Cycle threshold (Ct) values of the Envelope (E) gene and the RNA-
dependent RNA polymerase gene (RdRp) gene. The Chi-square 
test was done to test the statistical significance of association of 
symptomatic patients with the outcome of the test.

Results: The maximum number of positive cases were found in 
the people 20-39 years (p-value <0.05). The least positivity was 
found in the higher (80 years) and lower (below nine years) age 
groups. The positivity rates had no significant impact on the 
gender. The percentage positivity as detected by TrueNat testing 
was 3.3% and maximum positive patients were found in the 
group having symptoms <7 days (p<0.05). On association of the 
Ct values of E gene and RdRp gene with the symptoms it was 
found that 28.1% and 27.2% of the patients were in the high 
Ct value group.

Conclusion: TrueNat was found to be a portable and easy to 
perform test which did not require special laboratory set up. 
The use of Viral Lysis Medium (VLM) reduced the time of RNA 
extraction which not only rendered it safer to perform but 
expedited the results.

INTRODUCTION 
The beginning of the year 2020 has brought many unsolicited events 
for mankind. The COVID-19 pandemic has hit our lives like a tornado 
leaving many people helpless, devastated and stranded alone. The 
route of transmission of the Severe Acute Respiratory Syndrome 
Coronavirus-2 (SARS-CoV-2) is air borne, which makes its spread 
very easy thus affecting masses. Moreover, the clinical symptoms 
mimic those of flu or other respiratory infections and thus necessitate 
a prompt and accurate diagnosis. In view of this, the World Health 
Organisation (WHO) endorsed the rapid molecular TrueNat assay for 
detection of COVID-19 virus and Indian Council of Medical Research 
(ICMR) validated it [1]. Amidst the chaos and responsibilities of saving 
the patients’ life this came as a blessing which could give a reliable 
Point Of Care (POC) test. The test is not only sensitive and specific 
but also rapid and cheap, so it can be used in rural set ups too [2]. 
Gupta N et al., very aptly termed it as “a laboratory in a suitcase” 
as it is very portable, light weight, battery powered and can be used 
in areas of low power supply and connectivity [3]. Besides, it does 
not require well equipped laboratory and much manpower compared 
to other molecular methods. The TrueNat machine, which works on 
the principle of Real Time Reverse Transcription-Polymerase Chain 
Reaction (RT-PCR) has been designed, developed and manufactured 
by Molbio Diagnostics Private Limited, Goa, India is also equipped 
for detection of tuberculosis, multidrug resistant tuberculosis, malaria, 
dengue, Human Immunodeficiency Virus (HIV), rabies, influenza, etc., 
[4]. Due to its multifaceted properties and uses this chip based rapid 
test has a promising future in the field of molecular diagnostics. Thus, 

this Molbio Quattro (capacity to run four samples per run) model was 
used in the SNM Hospital at Firozabad which is a tertiary care hospital 
catering to patients from Firozabad district and neighbouring areas. 
During the pandemic period when it was difficult to establish laboratories 
for molecular testing of the virus and there were a lot of samples to be 
tested, the TrueNat testing method came as a blessing and this is the 
first study from Western Uttar Pradesh, India, to report on its working 
efficacy. Hence, present study was done to evaluate the importance 
of TrueNat testing among symptomatic and asymptomatic cases in 
different age groups and gender and also to see any association of 
symptoms with E gene and RdRp gene positivity.

MATERIALS AND METHODS 
In this retrospective study, which was conducted at Autonomous 
State Medical College and SNM Hospital, Firozabad, Uttar Pradesh, 
India, from June 2020 to May 2021 (thereafter, the data analysis was 
done from June to December 2021) wherein, 4,659 samples were 
tested by the TrueNat machine besides recording the age and gender 
details. The signs and symptoms were also recorded and the cases 
were divided into three groups, viz., group A patients who presented 
with symptoms ≤7 days, group B patients who presented with signs 
and symptoms >7 days and group C comprising of asymptomatic 
patients [4]. The data of symptoms and clinical history/travel history 
was collected from hospital records or patient summary reports.

inclusion criteria: All the patients of SARI, ILI, symptomatic 
Outpatient Department (OPD) patients, preoperative, in labour or for 
caesarean section and emergency or trauma patients (irrespective 
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of being symptomatic or asymptomatic) who required prompt 
treatment and surgical intervention, contacts and travellers were 
included in this study.

exclusion criteria: Samples from other bacterial respiratory illness 
like tuberculosis, pneumonia etc., were excluded in this study.

Study Procedure 
Sample collection and processing: A single oropharyngeal swab 
was collected by trained staff following the laboratory safety guidelines 
in VLM which was provided by Molbio company [5]. The machine 
consists of a nucleic acid extraction device and an automated real 
time polymerase chain analyser along with accessories like TrueNat 
SARS CoV-2 micro PCR chips, microtube with freeze dried reagents, 
RNA cartridges, DNase and RNase free pipette tips, holding stand 
etc. The kit was stored between 2-30ºC. The RNA was extracted from 
the patients’ sample using Truepep AUTO V2 Universal Cartridge 
Based Sample Prep device which is a fully automated device using 
a fluidic cartridge which extracts the RNA.

Principle of the test- It works on the principle of Real Time RT-
PCR. The target sequence for the kit being E gene, RdRp gene 
and human RNase P which serves as Internal Positive Control (IPC). 
If sample was positive for Beta CoV, 6 µL of the same extracted 
RNA was put in the reaction well and the test was inserted in the 
real time quantitative micro PCR analyser where the RNA is first 
converted into complementary DNA (cDNA) and further thermal 
cycling takes place. Positive amplification causes the dual labelled 
fluorescent probe in the chip based Real Time PCR test to release 
fluorophores in an exponential manner which is captured by the 
built in optoelectronic sensor and displayed on the screen.

interpretation of result: The results are obtained as amplification 
curves. Both the target and IPC curves take an exponential path 
and the fluorescence crosses the threshold value in case of positive 
samples. The curve remains horizontal throughout the test and the 
IPC curve takes an exponential path in case of negative samples. In 
case IPC remains horizontal in a negative sample the test is invalid 
(displayed on the screen).

At the end of the test, results are displayed as not detected for 
negative and detected for positive results. In case of positive results, 
the viral load is displayed as High (Ct<20), Medium (20≤Ct<25), 
Low (25≤Ct<30) and Very low (Ct ≥30) as per the manufacturers’ 
instructions. The Ct values for positive samples were recorded and 
association with the duration of symptoms in the patients was done.

STATISTICAL ANALYSIS 
All the variables were presented in the form of frequencies and 
percentages besides being depicted in suitable diagrammatical 

representation for the bird-eye-view. Thereafter, the Chi-square 
test was done to test the statistical significance of association of 
symptomatic patients with the outcome of the TrueNat test. The 
association of categories of Ct values and symptomatic patient was 
tabulated and its significance checked using Chi-square test. All the 
analyses were performed using R-3.6.2 and MS excel 2007. 

RESULTS 
Of the total samples (4659) tested, the maximum (1169) testing for 
COVID-19 was done in the females of the age group 20-29 years 
followed by 30-39 years. In other age groups TrueNat testing was 
predominantly done on males [Table/Fig-1]. The maximum number 
of positive cases (72) were found in people of age groups 20-39 
years and least positivity occurred in age groups below nine years 
(two cases) and above 80 years (two cases) [Table/Fig-2]. 

The positivity percentage detected by TrueNat testing was 3.3%. 
There were nine samples which gave invalid results and had to be 
repeated. Of the total number of people tested for travel purpose 
(590 cases), the maximum positive cases were seen in the age 
group 20-29. The contacts of positive cases showed maximum 
positivity 2.2% [Table/Fig-3]. The maximum TrueNat positivity was 
seen in patients who presented with symptoms <7 days and on 
association with the Ct values of E gene and RdRp gene it was 
found that 28.1% and 27.2% of these patients were in high Ct 
values group [Table/Fig-4]. Of the total 153 positive samples, 147 
samples showed both E gene and RdRp gene positivity and six 
samples showed presence of only E gene. There were 21 cases 
in which the E gene as well as the confirmatory RdRp gene was 
detected but the patients were asymptomatic.

age group 
(years)

Negative TrueNat Repeat sampling required TrueNat positive

Grand total 
n (%)

For travel 
 purpose 

n (%)

other 
than travel 

n (%)
Total 
n (%)

For travel 
 purpose 

n (%)

other 
than travel 

n (%)
Total 
n (%)

For travel 
 purpose 

n (%)

other 
than travel 

n (%)
Total 
n (%)

0-9 7 (0.2) 80 (1.7) 87 (1.9) 0 0 0 0 2 (0.04) 2 (0.04) 89 (1.9)

10-19 31 (0.7) 223 (4.8) 254 (5.5) 0 0 0 1 (0.02) 9 (0.2) 10 (0.2) 264 (5.7)

20-29 251 (5.4) 1527 (32.8) 1778 (38.2) 0 1 (0.02) 1 (0.02) 4 (0.1) 37 (0.8) 41 (0.9) 1820 (39.1)

30-39 112 (2.4) 790 (17) 902 (19.4) 1 (0.02) 1 (0.02) 2 (0.04) 2 (0.04) 29 (0.6) 31 (0.7) 935 (20.1)

40-49 72 (1.5) 398 (8.5) 470 (10.1) 1 (0.02) 1 (0.02) 2 (0.04) 1 (0.02) 18 (0.4) 19 (0.4) 491 (10.5)

50-59 49 (1.1) 396 (8.5) 445 (9.6) 0 1 (0.02) 1 (0.02) 1 (0.02) 20 (0.4) 21 (0.5) 467 (10)

60-69 31 (0.7) 345 (7.4) 376 (8.1) 0 2 (0.04) 2 (0.04) 1 (0.02) 20 (0.4) 21 (0.5) 399 (8.6)

70-79 19 (0.4) 122 (2.6) 141 (3) 0 1 (0.02) 1 (0.02) 0 6 (0.1) 6 (0.1) 148 (3.2)

80-89 6 (0.1) 31 (0.7) 37 (0.8) 0 0 0 0 2 (0.04) 2 (0.04) 39 (0.8)

90-99 0 7 (0.2) 7 (0.2) 0 0 0 0 0 0 7 (0.2)

Grand total 578 (12.4) 3919 (84.1) 4497 (96.5) 2 (0.04) 7 (0.2) 9 (0.2) 10 (0.2) 143 (3.1) 153 (3.3) 4659 (100)

[Table/Fig-2]: Percentage positivity of coronavirus in different age groups detected by TrueNat with travel details (N=4659).

age group 
(years)

Female 
n (%)

Male 
n (%)

Grand total 
n (%)

Independence 
of TrueNat result 
and age-group 

{p-value=0.02×10-14 
(<0.05)}

Significant

0-9 43 (0.9) 46 (1) 89 (1.9)

10-19 115 (2.5) 149 (3.2) 264 (5.7)

20-29 1169 (25.1) 651 (14) 1820 (39.1)

30-39 507 (10.9) 428 (9.2) 935 (20.1)

40-49 168 (3.6) 323 (6.9) 491 (10.5)

50-59 159 (3.4) 308 (6.6) 467 (10)

60-69 125 (2.7) 274 (5.9) 399 (8.6)

70-79 61 (1.3) 87 (1.9) 148 (3.2)

80-89 15 (0.3) 24 (0.5) 39 (0.8)

90-99 3 (0.1) 4 (0.1) 7 (0.2)

Grand total 2365 (50.8) 2294 (49.2) 4659 (100)

[Table/Fig-1]: Age and gender wise (Percentage) testing for coronavirus by TrueNat.
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DISCUSSION 
The emergence of the COVID-19 pandemic gave rise to increased 
testing by different methods. Also, the guidelines laid down by the 
WHO necessitated the screening of people so that they could be 
sent to isolation timely to stop further spread of the infection [6]. In 
the present study, the maximum TrueNat testing was done in females 
of the age group of 20-39 years. This being the reproductive age 
group, these women approached the hospital either for deliveries or 
other surgeries. It was followed by testing in males of age groups 
above 40 years. This was because the locomotion of males due to 
work and need of testing before national and international travelling. 
The positivity rate was 3.3% in the present study and maximum 
incidence of infection was found in the age groups 20-29 years 
followed by 30-39 years (p<0.05). Bharti S et al., in their study also 
observed maximum COVID-19 infection in the age groups 26-30 
years [7]. Though, in countries like Italy there was a sharp contrast 
where 69% of infected people were in the age groups 51-70 years 
[8]. There was no significant impact on positivity on the basis of 
gender in the present study. However, Bharti S et al., observed 
that females were affected less by COVID-19 compared to males 
and their results corroborated with worldwide estimates where the 
authors found that the vulnerability of the males to infection was 
1.14 times compared to females [7,9]. This could be due to more 
locomotion and social interaction of males. In the present study, the 

people who got tested for traveling purpose were found positive 
maximum in the age group of 20-29 years which is an age of more 
locomotion due to professional reasons.

In the present study, patients who presented with symptoms for 
<7 days had high Ct values (<20) for E gene and RdRp gene. In 
patients presenting with symptoms >7 days there were more 
samples showing Ct values in the medium, low and very low range. 
The association of Ct value and the duration of symptoms showed 
that the longer the duration of infection the lower the Ct value 
(p<0.05) and vice versa. The Ct value is the number of amplification 
cycles needed to produce a fluorescent signal [10]. Thus, the low Ct 
value (numerical) indicated high viral RNA load [11]. However, the Ct 
values do not have a direct association with the disease severity and 
could be inversely proportional to the viral load and transmissibility 
[12,13]. In a retrospective study conducted by Shah S et al., they 
did not find any association between severity of disease and the Ct 
values [14]. Aranha C et al., have shown that the viral RNA detection 
by molecular techniques does not determine the infectivity of the 
virus or presence of replicative virus [15]. Many studies have shown 
that the high Ct values (numerical) correspond to non infectious viral 
RNA determined by viral culture [16-18]. Laferl H et al., concluded in 
their study that the samples with Ct values >30 corresponded to non 
viable particles that could be still detected by molecular methods [19]. 
In that study, people presenting with the symptoms for more than a 

age group 
(years)

Patient  
categories

0-9 n 
(%)

10-19 
n (%)

20-29 
n (%)

30-39 
n (%)

40-49 
n (%)

50-59 
n (%)

60-69 
n (%)

70-79 
n (%)

80-89 
n (%)

90-99 
n (%)

Total 
n (%)

Negative 
TrueNat

SARI 2 (0.04) 9 (0.2) 17 (0.4) 19 (0.4) 11 (0.2) 11 (0.2) 9 (0.2) 6 (0.1) 3 (0.1) 0 87 (1.9)

ILI 3 (0.1) 8 (0.2) 15 (0.3) 16 (0.3) 12 (0.3) 13 (0.3) 11 (0.2) 7 (0.2) 3 (0.1) 0 88 (1.9)

Patients seeking 
hospitalisation

13 (0.3) 32 (0.7) 289 (6.2) 137 (2.9) 76 (1.6) 101 (2.2) 97 (2.1) 35 (0.8) 7 (0.2) 2 (0.04) 789 (16.9)

Contacts 62 (1.3) 174 (3.7) 1206 (25.9) 618 (13.3) 299 (6.4) 271 (5.8) 228 (4.9) 74 (1.6) 18 (0.4) 5 (0.1) 2955 (63.4)

Total 80 (1.7) 223 (4.8) 1527 (32.8) 790 (17) 398 (8.5) 396 (8.5) 345 (7.4) 122 (2.6) 31 (0.7) 7 (0.2) 3919 (84.1)

Repeat 
sampling 
required

SARI 0 0 0 0 0 0 0 0 0 0 0

ILI 0 0 0 0 0 0 0 0 0 0 0

Patients seeking 
hospitalisation

0 0 0 0 0 0 1 (0.02) 0 0 0 1 (0.02)

Contacts 0 0 1 (0.02) 1 (0.02) 1 (0.02) 1 (0.02) 1 (0.02) 1 (0.02) 0 0 6 (0.1)

Total 0 0 1 (0.02) 1 (0.02) 1 (0.02) 1 (0.02) 2 (0.04) 1 (0.02) 0 0 7 (0.2)

TrueNat 
positive

SARI 0 0 1 (0.02) 2 (0.04) 1 (0.02) 0 1 (0.02) 0 0 0 5 (0.1)

ILI 0 1 (0.02) 2 (0.04) 1 (0.02) 1 (0.02) 1 (0.02) 1 (0.02) 0 0 0 7 (0.2)

Patients seeking 
hospitalisation

1 (0.02) 3 (0.1) 7 (0.2) 7 (0.2) 4 (0.1) 3 (0.1) 3 (0.1) 2 (0.04) 0 0 30 (0.6)

Contacts 1 (0.02) 5 (0.1) 27 (0.6) 19 (0.4) 12 (0.3) 16 (0.3) 15 (0.3) 4 (0.1) 2 (0.04) 0 101 (2.2)

Total 2 (0.04) 9 (0.2) 37 (0.8) 29 (0.6) 18 (0.4) 20 (0.4) 20 (0.4) 6 (0.1) 2 (0.04) 0 143 (3.1)

[Table/Fig-3]: Percentage positivity of coronavirus in different patient categories detected by TrueNat (N=4659).

Gene level
Group a 

(Symptomatic ≤7 days)
Group B 

(Symptomatic >7 days) asymptomatic Total p-value

E gene level E gene

Chi-square=13.30 p-value=0.03 
(<0.05) Significant

High (Ct<20) 43 (28.1%) 22 (14.4%) 5 (3.3%) 70 (45.8%)

Medium (Ct 20-25) 21 (13.7%) 18 (11.8%) 7 (4.6%) 46 (30.1%)

Low (Ct 25-30) 6 (3.9%) 10 (6.5%) 5 (3.3%) 21 (13.7%)

Very low (Ct ≥30) 4 (2.6%) 8 (5.2%) 4 (2.6%) 16 (10.5%)

Total 74 (48.4%) 58 (37.9%) 21 (13.7%) 153 (100%)

RdRp level RdRp

High (Ct <20) 40 (27.2%) 20 (13.6%) 5 (3.4%) 65 (44.2%)

Chi-square=13.29 p-value=0.04 
(<0.05) Significant

Medium (Ct 20-25) 22 (15%) 16 (10.9%) 7 (4.8%) 45 (30.6%)

Low (Ct 25-30) 7 (4.8%) 9 (6.1%) 5 (3.4%) 21 (14.3%)

Very low (Ct ≥30) 3 (2%) 9 (6.1%) 4 (2.7%) 16 (10.9%)

Total 72 (49%) 54 (36.7%) 21 (14.3%) 147 (100%)

[Table/Fig-4]: Association of symptoms in different groups with the E gene and RdRp gene positivity detected by TrueNat.
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week also showed high Ct values (E gene- 14.4% patients, RdRp- 
13.6% patients). This could be due to their decreased immunity or 
comorbid conditions which delayed recovery. However, there have 
been studies which have not studied the disease severity with the Ct 
values [20,21]. Similarly, there have been studies that have not found 
difference between viral loads as determined by Ct values between 
symptomatic and asymptomatic patients [22]. In the present study, 
six samples which showed the presence of only E gene and the 
absence of the confirmatory RdRp gene, patients could be suffering 
from viral infection due to some other member of the Coronaviridae 
family. Studies have shown a significant homology of the E gene 
to other Coronaviruses [23]. There were 21 asymptomatic cases 
which showed the presence of E gene as well as RdRp gene. 
Singanayagam A et al., also concluded that asymptomatic people 
represented as a source of potential transmissible virus [24]. These 
people would have acquired the infection sub clinically but owing to 
good immunity evaded the symptoms. Since, the virus detected in 
the samples of the low Ct value group does not predict infectivity of 
the person, these could be from the non replicating virus indicating 
infection in the near past or the patients could be in convalescence 
stage. Asai N et al., concluded that the Ct values of molecular 
tests decreased with patients’ recovery and in some asymptomatic 
patients these were positive even for longer than two weeks [25]. 
The molecular detection does not differentiate between infectious 
and non infectious virus [24]. 

The TrueNat method being a molecular technique could detect 
the viral RNA even in traces. The advantage of TrueNat over the 
conventional rRT-PCR method was that the time period of RNA 
extraction was reduced to less than 60 minutes [26]. This is because 
the machine uses a disposable fluidic cartridge to extract RNA from 
the VLM in 15 minutes. This advantage of TrueNat made it a very 
patient friendly technique, time being of utmost importance in the 
detection of COVID-19 virus so as to manage patients effectively by 
facilitating isolation. Gibani MM et al., while assessing the COVID-
19 Nudge, a POC test also found it reliable, 100% sensitive, 94% 
specific with a turnaround time of 90 minutes per test [27]. Since, 
the step of manual RNA extraction was omitted, it reduced the risk 
of contamination and thus reduction in false positive results. The 
other advantage of the VLM being, it lyses the microorganisms 
rendering them non infectious thus, offering protection and making it 
user friendly. In a study conducted by Erster O et al., they found that 
using lysis medium over Viral Transport Medium (VTM) increased the 
sensitivity, safety and rapidity of COVID-19 testing and also allowed 
sample preservation for longer period without any special cooling 
equipment [28]. Ghoshal U et al., estimated the cost per test to 
be only 15 USD which is cost effective [29]. Besides the machine 
does not require much space (can be kept on a table top) or air 
conditioned laboratory which not only makes it more cost effective 
but also adjustable anywhere. It is not very labour intensive. The 
battery is rechargeable. Being a Make in India technology it has 
been very prestigious to have an indigenous diagnostic product in 
the country at the time of pandemic [30].

Limitation(s)
The limitation was in getting proper clinical history in some cases 
due to the fear of interaction with COVID-19 symptomatic patients 
and while performing the tests few samples had to be repeated due 
to invalid results.

CONCLUSION(S)
Thus, the TrueNat method of detecting the COVID-19 virus is fast, 
easy to perform and can also be used in rural set ups. Since, it is 
a molecular method, it can be used for the confirmed diagnosis 
of the COVID-19 virus and is very helpful in set ups that do not 
have the facility to perform rRT-PCR. It can be used effectively as 
an epidemiological tool. The Ct values should be considered by the 

clinicians and correlated with the symptoms. In this retrospective 
study, the E gene could be detected in few samples but not the 
confirmatory gene, indicating the presence of infection due to any 
other member of the Coronaviridae family and an added advantage 
to the technique. 

author contributions: Lekha Tuli: Supervised the study, conceived 
the idea, curated and drafted the manuscript. Rohit Patawa: Did the 
statistical analysis in the manuscript.

Acknowledgement
The authors are thankful to Dr. Sangeeta Aneja (Principal, ASMC, 
Firozabad, U.P.) for her support and guidance. The authors are 
thankful to the entire dedicated technical team who worked tirelessly 
in this hour of pandemic. 

REFERENCES
 ICMR validates indigenous assays for COVID-19 diagnosis. https://vigyanprasar.[1]

gov.in/isw/ICMR-validates-indigenous-assays-for-COVID-19-diagnosis.html. 
Accessed on: 16.12.2021

 Longkumer P. Understanding TrueNat: Reliability and process involved in testing [2]
Covid-19. Eastern Mirror.12 June 2020; https://r.search.yahoo.com/_ylt=Awr9J.
fdhyFi2foAigq7HAx.;_ylu=Y29sbwNncTEEcG9zAzMEdnRpZAMEc2VjA3Ny/
RV=2/RE=1646393437/RO=10/RU=https%3a%2f%2feasternmirrornagaland.
com%2funderstanding-truenat-reliability-and-process-involved-in-testing-covid-
19%2f/RK=2/RS=iQf2NBbbujoRXxQAJhe0zbIYt5g-. Accessed on: 16.12.2021.

 Gupta N, Rana S, Singh H. Innovative point-of-care molecular diagnostic test for [3]
COVID-19 in India. Lancet Microbe. 2020;1:e277. www.thelancet.com/microbe 
Vol 1 November 2020.

 Pandey P, Tiwari AK, Dara RC, Rawat GS, Negi A, Raina V. Confirmation and [4]
follow up of initial “NAT yields”: Prospective study from a tertiary healthcare 
centre in India. Transfusion and Apheresis Science. 2016;54(2):242-47. https://
doi.org/10.1016/j.transci.2015.08.003 PMID: 26321477.

 World Health Organization. Laboratory biosafety guidance related to the [5]
novel coronavirus (2019-nCoV). Interim guidance Available from URL: https://
www.who.int/docs/defaultsource/coronaviruse/laboratory-biosafety-novel-
coronavirus-version-1-1.pdf.2020. Accessed on: 24.12.2021.

 World Health Organization. Regional Office for the Western Pacific. (2020). Algorithm [6]
for COVID-19 triage and referral: Patient triage and referral for resource-limited 
settings during community transmission. WHO Regional Office for the Western 
Pacific. https://apps.who.int/iris/handle/10665/331915. Accessed on: 27.12.2021.

 Bharti S, Narad P, Chugh P, Choudhury A, Bhatnagar S, Sengupta A. Multi-[7]
parametric disease dynamics study and analysis of the COVID-19 epidemic and 
implementation of population-wide intrusions: The Indian perspective. https://
doi.org/10.1101/2020.06.02.20120360.

 Italy, With Aging Population, Has World’s Highest Daily Deaths Form the Virus. [8]
The Wall Street Journal. 2020 https://www.wsj.com/articles/italy-with-elderly-
population-has-worlds-highest-death-rate-from-virus-11583785086 Accessed 
on 28th May, 2020.

 Wiemers E, Abrahams S, Al Fakhri M, Hotz VJ, Schoeni R, Seltzer J. Disparities [9]
in vulnerability to severe complications from COVID-19 in the United States. 
UCLA CCPR Population Working Papers. 2020. https://doi.org/10.1016/j.
rssm.2020.100553. Available online Sept. 7, 2020.

 Ghoshal U, Vasanth S, Tejan N. A guide to laboratory diagnosis of Corona Virus [10]
Disease-19 for the gastroenterologists. Indian J Gastroenterol. 2020;39(3):236-42.

 Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early transmission dynamics [11]
in Wuhan, China, of novel coronavirus–infected pneumonia. N Engl J Med. 
2020;382:1199-207. Doi: 10.1056/NEJMoa2001316. Epub 2020 Jan 29. PMID: 
31995857; PMCID: PMC7121484.

 Ahmed W, Angel N, Edson J, Bibby K, Bivins A, O’Brien JW, et al. First confirmed [12]
detection of SARS-CoV-2 in untreated wastewater in Australia: A proof of 
concept for the wastewater surveillance of COVID-19 in the community. Sci Total 
Environ. 2020;728:138764.

 Cheng VCC, Wong SC, Mnurs SCW, Chen JHK, Yip CCY, Chuang VWM, et al. [13]
Escalating infection control response to the rapidly evolving epidemiology of the 
coronavirus disease 2019 (COVID-19) due to SARS-CoV-2 in Hong Kong. Infect 
Control Hosp Epidemiol. 2020;41:493-98.

 Shah S, Singhal T, Davar N, Thakkar P. No correlation between Ct values and severity [14]
of disease or mortality in patients with COVID 19 disease. IJMM. 2021;39:116-17.

 Aranha C, Patel V, Bhor V, Gogoi D. Cycle threshold values in RT-PCR to [15]
determine dynamics of SARS-CoV-2 viral load: An approach to reduce the 
isolation period for COVID-19 patients. J Med Virol. 2021;1-4. https://doi.
org/10.1002/jmv.27206.

 Arons MM, Hatfield KM, Reddy SC, Kimball A, James A, Jacobs JR, et al. [16]
Presymptomatic SARS-CoV-2 infections and transmission in a skilled nursing 
facility. N Engl J Med. 2020;382(22):2081-90.

 Bullard J, Dust K, Funk D, Strong JE, Alexander D, Garnett L, et al. Predicting [17]
infectious severe acute respiratory syndrome coronavirus 2 from diagnostic 
samples. Clin Infect Dis. 2020;71(10):2663-66.

 Wölfel R, Corman VM, Guggemos W, Seilmaier M, Zange S, Muller MA, et al. [18]
Virological assessment of hospitalised patients with COVID-2019. Nature. 
2020;581(7809):465-69.



www.jcdr.net Lekha Tuli and Rohit Patawa, TrueNat- A Laboratory in a Suitcase

Journal of Clinical and Diagnostic Research. 2022 May, Vol-16(5): DC01-DC05 55

PaRTiCuLaRS oF CoNTRiBuToRS:
1. Associate Professor, Department of Microbiology, Autonomous State Medical College, Firozabad, Uttar Pradesh, India.
2. Guest Faculty, Department of Statistics, University of Allahabad, Allahabad, Uttar Pradesh, India.

PLaGiaRiSM CheCkiNG MeThoDS: [Jain H et al.]

•  Plagiarism X-checker: Feb 23, 2022
•  Manual Googling: Mar 11, 2022
•  iThenticate Software: Mar 12, 2022 (9%)

eTyMoLoGy: Author OriginNaMe, aDDReSS, e-MaiL iD oF The CoRReSPoNDiNG auThoR:
Dr. Lekha Tuli,
117/259, Q Block, Sharda Nagar, Kanpur-208025, Uttar Pradesh, India.
E-mail: tuli_lekha@rediffmail.com

Date of Submission: Feb 16, 2022
Date of Peer Review: Mar 03, 2022
Date of Acceptance: Mar 14, 2022

Date of Publishing: May 01, 2022

auThoR DeCLaRaTioN:
•  Financial or Other Competing Interests:  None
•  Was Ethics Committee Approval obtained for this study?  NA
•  Was informed consent obtained from the subjects involved in the study?  NA
•  For any images presented appropriate consent has been obtained from the subjects.  NA

 Laferl H, Kelani H, Seitz T, Holzer B, Zimpernik I, Steinrigl A, et al. An approach [19]
to lifting self-isolation for health care workers with prolonged shedding of SARS-
CoV-2 RNA. Infection. 2021;49(1):95-101.

 Guan WJ, Ni ZY, Hu Y. Clinical characteristics of coronavirus disease 2019 in [20]
China. N Engl J Med. 2020;382(18):1708-20. Doi: 10.1056/NEJMoa2002032.

 Argenziano MG, Bruce SL, Slater CL. Characterization and clinical course of [21]
1000 patients with coronavirus disease 2019 in New York: Retrospective case 
series. BMJ. 2020;369. Doi: 10.1136/bmj.m1996. m1996.

 Zou L, Ruan F, Huang M. SARS-CoV-2 viral load in upper respiratory specimens [22]
of infected patients. N Engl J Med. 2020;382(12):1177-79. Doi: 10.1056/
NEJMc2001737.

 Zoka A, Beko G. Does the E gene provide additional information in SARS-CoV-2 [23]
PCR? J Infect Chemother. 2021;27:1676-77.

 Singanayagam A, Patel M, Charlett A, Lopez JB, Saliba V, Ellis J, et al. Duration [24]
of infectiousness and correlation with RT-PCR cycle threshold values in cases of 
COVID-19, England, January to May 2020. Euro Surveill. 2020;25(32):pii=2001483. 
https://doi.org/10.2807/1560-7917.ES.2020.25.32.2001483.

 Asai N, Sakanashi D, Ohashi W, Nakamura A, Yamada A, Kawamoto Y, et al. [25]
Could threshold cycle value correctly reflect the severity of novel coronavirus 

disease 2019 (COVID-19)? J Infect Chemother. 2021;27(1):117-19.
 Basawarajappa SG, Rangaiah A, Padukone S, Yadav PD, Gupta N, Shankar SM. [26]

Performance evaluation of Truenat Beta CoV & Truenat SARS-CoV-2 point-of-
care assays for coronavirus disease 2019: Indian J Med Res. EpubDOI:10.4103/
ijmr.IJMR_2363_20.

 Gibani MM, Toumazou C, Sohbati M, Sahoo M, Karvela M, Hon TK, et al. [27]
Assessing a novel, lab-free, point-of-care test for SARS-CoV-2 (CovidNudge): 
A diagnostic accuracy study. Lancet Microbe. 2020;1:e300-06.

 Erster O, Shkedi O, Benedek G, Zilber E, Varkovitzky I, Shirazi R, et al. Improved [28]
sensitivity, safety, and rapidity of COVID-19 tests by replacing viral storage solution 
with lysis buffer. PLOS ONE: https://doi.org/10.1371/journal.pone.0249149 
March 30, 2021.

 Ghoshal U, Garg A, Vasanth S, Arya AK, Pandey A, Tejan NN, et al. Assessing [29]
a chip based rapid RTPCR test for SARS CoV-2 detection (TrueNat assay): 
A diagnostic accuracy study. PLOS ONE. https://doi.org/10.1371/journal.
pone.0257834 October 13, 2021.

 Gogoi S, Bora I, Debnath E, Sarkar S, Jais MB, Sharma A. Perplexity vs clarity in [30]
choosing the right molecular diagnostic techniques for SARS-COV2 detection in 
Indian setup. J Family Med Prim Care. 2021;10:615-24.

http://europeanscienceediting.eu/wp-content/uploads/2016/11/ESENov16_origart.pdf

