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Abstract
The World Health Organization (WHO) reported about 30 million cases of Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection, and around 1 million deaths worldwide. Ecuador is the
country with the highest mortality rate of con�rmed cases in South America where both the poor ability to
identify SARS-CoV-2 carriers and shortages in reagent supply have contributed the high infection rate
observed. Hence, there is an urgent need to develop, standardize and validate an in-house protocol that
cannot only reduces testing costs, but also increase the ability to screen widely the population. Primer-
probe sets for the SARS-CoV-2 envelope protein E and the human ribonuclease P (RP) were validated for
a duplex quantitative Reverse Transcription Polymerase Chain Reaction (RT-qPCR) for the Coronavirus
Disease-19 (COVID-19) detection. Optimal E primers concentration was 400 nM and TaqMan probe 200
nM. The primer e�ciency was set at 94.9% and R2 value at 0.99, which was comparable to commercial
kits. The lower detection limit was found at 15 copies/ μL (50 copies/rx). In comparison to a Loop-
mediated Isothermal Ampli�cation (LAMP) commercial kit, there was a higher detection rate (30%) and
results were highly reproducible (95%). We were able to develop a highly sensitive and low-cost duplex in-
house RT-qPCR test for COVID-19 detection comparable to other commercially available kits.

Background
The current pandemic has tested the ability of governments to respond to such a worldwide outbreak.
The World Health Organization (WHO) reported about 30 million cases of infection for the new
coronavirus SARS-CoV-2, and more than 900 thousand deaths until September 17th. South America is
one of the regions where COVID-19 has rapidly spread [1]. WHO reported that Ecuador con�rmed nearly
121 thousand cases and approximately 11 thousand deaths until that same date [2]. According to these
statistics, Ecuador has been the country with the highest mortality rate of con�rmed cases in South
America (9.05 %, S.I. Fig. 1).

One of the reasons explaining the high trend of infection in South America, and particularly in Ecuador,
could be the poor ability to identify COVID-19 carriers resulting in low contact traceability [3]. This
problem is worsened by worldwide shortages in the reagent supply [4], leading to inaccessible costs of
detection kits, particularly, RT-qPCR based ones. This creates an urgent need to standardize an in-house
protocol that can not only reduces testing costs, but also increase the ability to screen more population.
Improving the ability to identify infected persons both symptomatic and asymptomatic is essential for
controlling the global pandemic. Successful cases of wide population screening have been observed in
other countries such as South Korea, Taiwan, or Singapore to name a few [5–7].

Testing for COVID-19 can be done in many different ways from RT-qPCR, computer tomography scans [8],
to immunoassays [9]. Being the �rst one, the gold standard to test for SARS-CoV-2 presence as it is the
most reliable to detect the virus genomes. This method is based on ampli�cation of small sections of the
viral RNA that are unique to SARS-CoV-2. Regions coding for viral structures such as the envelope E, the
nucleocapsid N proteins, and the RNA-dependent RNA polymerase RdRp have been widely used as the
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choice of biomolecular probes to test for the virus [10]. Several detection kits have been developed
around these genetic targets showing high e�ciency and sensitivity specially the E target as it has the
most conserved nucleotide sequence in SARS-CoV-2 [11]. Both the RdRp and N genetics targets have
lately showed a reduction in their sensitivity [12–14].

In this communication, the development, standardization and validation of an in-house RT-PCR assay
protocol for SARS-CoV-2 detection is reported. This standardized procedure does not rely on commercial
kits and it was based on the protocol reported by Corman et al., from the University of Charité, Germany
[11]. We present an in-house protocol which is primarily based on the envelope protein gene E for COVID-
19 detection. This gene target is highly recommended by the WHO and the Pan American Health
Organization (PAHO) as a diagnostic target and it is considered a highly sensitive probe [11,15–17]. The
in-house protocol also includes an internal control for quality of genetic material, the human ribonuclease
P (RP). We tested both genes in a duplex set-up. A multiplex reaction was also explored.

Methods
Viral RNA material used in this study for standardization procedures came from a viral RNA source with
known concentration (3.81 x 105 viral copies per μL). For comparative analysis, samples were con�rmed
to be positive at the Research Institute in Biomedicine (INBIOMED) from the Central University of Ecuador
which is an authorized center by the Ecuadorian Ministry of Public Health to handle and test COVID-19
related samples. These samples were positive for both the N and RdRp for SARS-CoV-2 according to a
LAMP based kit ‘Isopollo’ (Monitor®, Daegu, Republic of Korea). Sets of primers-probe target sequences
for the E and RdRp SARS-CoV-2 genes were obtained from the protocol published by the University of
Charité, Germany, and validated by the WHO [11]. Sets of primers and probe for the RP human gene was
obtained from the CDC (S.I. Table 1) [18]. These were designed and purchased from Euro�ns (MWG
operon, Kentucky, USA). GoTaq(R) Probe 1-step RT-qPCR system reagents were purchased from
PROMEGA life sciences (Madison, Wisconsin, USA). All reactions were run on a QuantStudio  5 Real-Time
PCR system (Applied Biosystems).

Primer validation through RT-qPCR and gel electrophoresis.

Reactions were prepared to test the e�ciency of the primers and to �nd the best conditions for the RT-
qPCR assay. SARS-CoV-2 genes tested for validation were the E, and the RdRp along with a human
exogenous target gene RP. Validation reactions had a �nal volume of 20 μL using 5 μL of ARN sample
and 400 nM concentration for all primer sets. Thermal cycling was performed according to the following
conditions: RT-step at 45 oC for 15 min, Taq-activation at 95 oC for 2 min and the 40 PCR cycles
performed at 95 oC for 15 s and a temperature gradient at 56, 58 and 60 oC for 30 s. Reaction products
were looked up by 2% gel electrophoresis. Sequence lengths were obtained from the NCBI database.
(NC_045512.2, https://www.ncbi.nlm.nih.gov).

Simplex (E), duplex (E & RP) and multiplex (E, RdRp & RP) RT-qPCR.

https://www.ncbi.nlm.nih.gov/
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Simplex, duplex, and multiplex reactions were explored. Primer concentrations used were those
determined to be optimal in the primer validation step (E: 400, RP: 200 and RdRp: 300 nM) with their
probes at half concentration. Conditions used were the same as the validation step with a small change
in the annealing temperature set at 58 oC and thermal cycles were increased to 45.

Duplex RT-qPCR: Standard curve and primer e�ciency

To obtain the E primers e�ciency under the duplex set up, serial dilutions were prepared from the
standardization solution in the range from 215 to 211 copies per μL. With the purpose to improve
throughput of the sources and reagents available, optimal primers-probe concentrations were used in a
half reaction volume (10 μL) set-up. Each assay was prepared in triplicates with a half reaction volume
and no ultrapure distilled water was added.

Limit of detection (LoD) of duplex RT-qPCR.

Following the standard curve experiment, serial dilutions were prepared in the range from 30 to 5 copies
per μL. Each assay was independently done by three different operators and the reactions were prepared
in triplicates according to the duplex set up with the half reaction volume.

Duplex RT-qPCR: Comparative sensitivity and performance.

Valid samples (n = 93) were obtained from INBIOMED with positive (n=39) and negative (n=54) results.
Each reaction was prepared according to the duplex set up with the half reaction volume.

Results
Primer-probe sets were validated through RT-qPCR and gel electrophoresis (S.I. Fig. 2). Amplicons were
located at the expected positions for the fragment lengths which were 113 bp, 100 bp and 50 bp for the E,
RdRp, and RP respectively. From the ampli�cation plots, cycle threshold (Ct) values were 25.65 for RdRp,
18.40 for E and 28.68 for RP targets.

RT-qPCR performance (Ct change) and primer reagents usage were parameters used to �nd an optimal
primer concentration. For the RP set, a low variation (0.16) in the Ct was observed when changing RP
primer concentrations from 600 nM to 200 nM. The latter was then chosen for all the following assays. In
the case for the E set, by taking into consideration the reduction of reagents usage, the primers
concentration which had one of the lowest Ct (18.40) was chosen for remaining experiments, namely 400
nM for both primers. The annealing temperature that yielded the lower Ct for the E target gene was at 58
oC (Data not shown).

Upon optimizing reaction conditions, a reduction in the labor and reagents required was attempted by
trying to standardize duplex and multiplex assays. From ampli�cation pro�les (Fig.1), there was little
variation on the �uorescence for the E target among all assay. This was also re�ected on the Ct change
(Figure 1) suggesting that a multiplex and duplex reaction might be reasonable options for COVID testing.
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From the RP target, which was used to assess genetic material quality, similar results were observed.
Despite ampli�cation plots for the RdRp gene not being as reproducible as the other two targets, its Ct
values were within a reasonable margin change (Figure 1). Although this was the case at high RNA
concentrations, the RdRp target showed poor or no ampli�cation curves at low concentrations (76–13
viral copies per reaction, data not shown).

Following this assay, the LoD as well as the primer e�ciency were determined. Prior to the assay set-up,
reduction of the reaction mixture was proposed to increase the throughput of reagents available. Hence,
these assays were prepared with a half-reaction volume (10 μL). 2-fold serial dilutions were prepared, and
a standard curve was obtained. The parameters such as primer e�ciency (94.9%) and R2 value (0.99)
were found within the acceptable range for commercial kits (16) (Fig. 2). Lower LoD of the kit was
studied by preparing serial dilutions from 30 to 5 copies μL (Fig. 3). RNA concentrations were shown in
number of copies per reaction showing a 100% detection rate at 50 copies/rx (15 copies/μL).

Analytical sensitivity was tested against a commercial and available Isopollo kit which is based on LAMP
technique. Of the 93 valid samples used in our study, 39 tested positive and 54 negatives according to
Isopollo panel test. By using our in-house protocol, the number of positive hits were 51, representing an
increase in 30% of the relative detection rate (Fig. 4). Some of these samples were replicated (n = 35), and
it showed a 95% reproducibility con�rming the positive results (Data no shown). The missing 5%
represented two samples with a Ct > 35.

Discussion
The importance of RT-qPCR optimization lies in that unoptimized conditions might give false-positive
results as signal might be produced from by non-speci�c product formation (19). Byproducts, such as
longer or shorter amplicons associated respectively with overlapping sequences or primer dimer
formation, were not observed in the gels in our experiments, suggesting correct design and high
speci�city of these primer sets [20–21].

Some attempts have been made to develop a cost-effective kits and to reduce labor time for COVID
detection by exploring the e�ciency and sensitivity of duplex or multiplex protocols [19,22]. This has
been done in order to overcome reagent shortages and provide faster results. From the ampli�cation
plots, a low variability of our main gen target E was observed in the simplex, duplex and multiplex
reactions (Fig. 1). Our method aimed to detect SARS-CoV-2 coronavirus primarily from the E target gene
and counter tested using the RdRp target gene. The usage of the RP gene was proposed to serve as an
internal control for sample integrity as recommended by the Centre for Disease Control and Prevention
from the United States (CDC) [18]. Although RdRp gene target seemed to work �ne at high viral load, its
reproducibility and e�ciency dropped signi�cantly at low concentrations. Similar �ndings at low
concentrations were observed in other independent studies[12–14]. In our study, we found similar primer
e�ciency and R2 as those reported by Corman et al., as showed in the standard curve plot (Fig. 2). A
similar value for the y-intercept was also found.
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While our in-house protocol was optimized to detect 100% of SARS-CoV-2 presence up to 50 copies per
reaction (Fig. 3), Corman suggested a LoD in the range of 3.9 copies per reaction at 95 % probability from
his protocol [11]. A similar reduction in the LoD (276 copies per reaction) was observed in another study
which explored the performance of the Cobas® 6800 system when employing Cormans’ methodology
[23]. From the con�dence interval obtained in the triplicate reactions, further optimization can be
performed (Fig. 3). An excellent starting point would be an exploratory study on selection of RT-qPCR
mixes which has been shown to signi�cantly alter the sensitivity of a COVID diagnostic [17].

The higher sensibility from the E gene in a normal RT-qPCR is expected because samples can be
considered positive up to a Ct ~ 40 [11,16]. Unlikely, other genes in a RT LAMP where there is evidence
that a positive sample can be only up to a Ct ~ 30 [24]. In �g. 4, it can be observed that more positive
samples were detected by our in-house protocol. One possible explanation for this was found in an
independent report which suggested that Isopollo kit possessed a low sensitivity below 1000 copies viral
copies per reaction resulting in a lower detection e�ciency [25]. It can also be observed a wider Ct
distribution for the E target compared to RdRp from the Isopollo kit. At this stage, it is important to
mention that samples were detected positive with the Isopollo kit approximately 1 to 2 months previous
to this study. Samples might have suffered couple of freeze-thaw cycles which is known to affect RNA
quality. Nonetheless, we observed a 95% agreement between positive samples (37 out of 39), a 30%
higher e�ciency in detection of positive cases (51 out of 93) and a 95% reproducibility (33 out of 35).
This two samples possessed a Ct > 35, suggesting that repeatability beyond this cycle is not optimal. A
couple of extra freeze-thaw cycles might explain this variability. 

The duplex set-up reduced reagents usage as well as processing time, while maintaining a high detection
rate, modest analytical sensitivity and a much lower cost. Even though the test still has room for
improvement, it showed a high sensitivity which is well within the parameters for diagnostics and
comparable to other commercial kits [16–17]. Many in-house tests can be found in literature, however, to
our knowledge their viability has not been explored in Ecuador. A country where a test at the lowest cost
available in the market can represent up to 10% of the minimum monthly salary. At the Research Institute
in Biomedicine, we have standardized a COVID-19 detection work�ow from which the value per
determination could be capped at less than 2.5% the minimum wage or less depending on funding
available for disposables, reagents and labor.

Conclusion
We were able to develop, standardize and validate a low-cost duplex in-house RT-qPCR test for COVID
detection that can detect 100% of SARS-CoV-2 presence up to 50 copies per reaction. This matches the
e�ciency of other commercially available test kits.

Abbreviations
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WHO: World Health Organization. SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2. Ct:
Cycle threshold. RT-qPCR: Quantitative reverse transcription polymerase chain reaction. COVID-19:
Coronavirus disease 2019. RNA: Ribonucleic acid. PAHO: Pan American Health Organization. LAMP:
Loop-mediated isothermal ampli�cation. LoD: Limit of detection. CDC: Centre for Disease Control and
Prevention from the United States
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Figure 1

Ampli�cation plots for the simplex, duplex and multiplex reactions of the three different genes used in
this study. Our main detection probe was not signi�cantly affected by the extra addition of other primer-
probe sets. Plots were obtained from a QuantStudio  5 Real-Time PCR system with detections of the
primer sets (E, RP and RdRp) using FAM, VIC and ROX dyes. Concentrations were optimized at 400 nM,
200 nM and 300 nM respectively.

Figure 2
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Standard curve plot of the target gen “E” with R2 = 0.994, E�ciency = 94.76 %, Y-intercept = 41.813 and
slope -3.454. This plot was obtained from 2-fold serial dilutions of standard sample at the range 215 –
211 copies per μL. Concentrations of primers-probe sets for RP and E target genes were used according
to the duplex set-up and 10 μL reaction volume. Plot was obtained from a QuantStudio  5 Real-Time PCR
system.

Figure 3

Ampli�cation plot of the E target gene at 50 viral copies/rx (15 copies/μL). The average Ct values was
38.47 +/- 2.02 at a 95% con�dence. Ampli�cation plot was obtained from a QuantStudio  5 Real-Time
PCR system using the duplex set-up.
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Figure 4

Observed Ct for 93 samples randomly chosen to compare the detection rate of Isopollo RT LAMP kit
(RdRp target gene only ‘green dots’) vs in-house kit (E target gene only ‘orange dots’). Reactions for the
Isopollo kit were performed according to the manufacturer sheet. In-house protocol reactions were
performed according to the duplex set-up.
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