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Abstract: Human mpox is caused by the Monkeypox virus, a microorganism closely related to the
Variola virus, both belonging to the Orthopoxvirus genus. Mpox had been considered a rare disease
until a global outbreak occurred in 2022. People infected with the virus present similar symptoms
to patients suffering smallpox and other rash illnesses, hindering diagnosis. The WHO indicated
that no commercial PCR or serology kits are currently widely available. In the present study, the
MPXV MONODOSE dtec-qPCR kit was validated following guidelines of the UNE/EN ISO/IEC
17025:2005. The parameters evaluated for the acceptance of the assay were in silico and in vitro
specificity, quantitative phase analysis, reliability, and sensitivity. The assay passed validation
criteria and yielded an efficiency of 95.8%, high repeatability, reproducibility, and a Limit of Detec-
tion and Quantification of at least 10 copies. Results from the validation of the MPXV dtec-qPCR
kit were satisfactory. The use of the MONODOSE format (dehydrated single PCR-tubes, ready
to use) provided considerable advantages allowing the detection of the Monkeypox virus to be ac-
curately achieved. This detection kit may be considered a reliable, fast, simple, and universally
available option.

Keywords: Monkeypox virus; qPCR; detection; validation; UNE/EN ISO/IEC 17025:2005

1. Introduction

Mpox (MPX) is a zoonotic disease caused by the Monkeypox virus (MPXV), which
belongs to the Poxviridae family and Orthopoxvirus (OPXV) genus. The OPXV genus
includes viruses such as camelpox (CMPV), cowpox (CPXV), vaccinia (VACV), and variola
(VARV), among others. Since smallpox eradication in 1980, MPXV has been the main
member of this genus affecting the human population, as declared by the World Health
Organization (WHO) [1,2]. This organism was isolated for the first time in the Democratic
Republic of the Congo in a patient suspected of suffering from smallpox [1]. So far, two
differentiated genetic clades of MPXV have been described: the West African clade, now
called clade II (IIa and IIb,) and the Congo Basin clade, currently clade I [3]. Viruses
belonging to both groups can infect a wide range of mammals. However, the viruses
included in clade II are the source of a milder disease associated with fewer deaths, while
clade I presents a higher mortality rate and severe symptoms [1,4–6]. Until recently, it
was believed that the West African clade presented no human-to-human transmission.
Nevertheless, during the 2022 global outbreak, it has been made clear that this clade
has the capability to spread between human individuals [7–9]. Clinical characteristics of
MPXV infection include a short febrile prodromal period, general headache and fatigue,
lymphadenopathy, and facial rash that quickly spreads to the rest of the body [1].

MPX has been historically considered an infrequent illness; however, it has become
globally relevant due to the increasing number of reports from around the world [4,10]. The
proliferation of the virus among the human population has been attributed to respiratory

Diagnostics 2023, 13, 1560. https://doi.org/10.3390/diagnostics13091560 https://www.mdpi.com/journal/diagnostics

https://doi.org/10.3390/diagnostics13091560
https://doi.org/10.3390/diagnostics13091560
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0003-1550-9590
https://doi.org/10.3390/diagnostics13091560
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com/article/10.3390/diagnostics13091560?type=check_update&version=2


Diagnostics 2023, 13, 1560 2 of 11

droplets, contact with mucocutaneous lesions of an infected subject, and consumption
of contaminated meat [2,11]. In a previously reported MPXV human outbreak in the
United States of America in 2003, the causing agent was infected prairie dogs; nevertheless,
the origin of the recent outbreak is still unknown [6,11]. Although the virus has been
traditionally related to the African continent, it seems that a cross-continent transmission
of the virus has been occurring for an unsuspected long time [3]. The 2022 outbreak
shows significant differences from previously reported cases; especially important is the
predominance of human-to-human infection [6]. The WHO declared MPXV as a Public
Health Emergency of International Concern in July 2022. This highlights the current
relevance of developing more advantageous detection technologies in order to contain
outbreaks [1,12,13]. In the literature, primer and probe sets for PCR assays designed to
detect MPXV are available. Nonetheless, it seems they may be improved, either because
they target the whole genus or because they lack complete specificity for the selected
target [14–17]. Therefore, the WHO indicated that no commercial PCR or serology kits are
currently widely available, although some kits are under development [18,19]. Additionally,
the number of sequences in public databases is constantly growing, and the actualization
of the MPXV detection methods is required to avoid future issues concerning specificity.

In the present study, the recently developed and worldwide accessible MPXV MON-
ODOSE dtec-qPCR kit (GPS™, Alicante, Spain), commercially available since the end of
May 2022, was subjected to analytical validation following the guidelines of the UNE/EN
ISO/IEC 17025:2005 with strict acceptance criteria. Validation terms included in silico
and in vitro specificity, quantitative phase analysis, reliability, and sensitivity. An external
reference laboratory has evaluated the method using clinical samples, and a comparison
with several other PCR methods has been performed.

2. Materials and Methods
2.1. Real-Time PCR Tests

Standard Template, a synthetic double-stranded, linear DNA template reproducing a
fragment of the B6R gene and with a known number of copies (106 copies per 5 µL), has been
used for the validation of the qPCR. For the quantification of the Standard Template copy
number, nanograms of DNA were calculated through spectroscopy, and the copy number
was estimated with the exact size of the fragment. The obtained value was confirmed
by intercalibration with a qPCR assay. A standard calibration curve was generated by
preparing ten-fold dilution series ranging from 106 to 10 copies of the Standard Template
provided in the kit. As described by the manufacturer, 5 µL of each dilution of the Standard
Template were added to single-dose qPCR tubes provided in the MPXV MONODOSE
dtec-qPCR kit (GPS™, Orihuela, Spain) for Positive control. For the Negative control,
5 µL of nuclease-free water was added. The reaction mixtures were subjected to qPCR in
a QuantStudio3 (Applied Biosystems, Waltham, MA, USA) device programmed with a
standard regime which includes, first, an activation step performed at 95 ◦C for 2 min, and
then 40 cycles of amplification composed by the following steps: denaturation at 95 ◦C for
5 s and annealing/extension finally fixed at 63 ◦C for 20 s. All tests include an exogenous
Internal control provided in the kit. The main target was read with the FAM channel, while
the Internal control was read with the HEX channel.

2.2. Sequences Alignment and Phylogenetic Analysis

Sequences from B6R gene (944 bp) for all the species of the OPXV genus (Monkeypox
virus, Vaccinia virus, Ectromelia virus, Cowpox, Akhmeta virus, Variola virus, Taterapox virus, and
Camelpox virus) were downloaded from the National Center for Biotechnology Information
(NCBI) database [20]. Alignment and phylogenetic analysis were performed using the
Mega 11.0.10 software [21] with the neighbour-joining method [22] and bootstrap values
for 1000 replicates.
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2.3. Validation of the Assay following Standard Guidelines

Validation of the method used for the MPXV MONODOSE dtec-qPCR kit was per-
formed as indicated by the guidelines of the UNE/EN ISO/IEC 17025:2005 and by the
French Standard NF T90-471:2010. The parameters used for the validation were: in vitro
specificity (inclusivity and exclusivity), the analysis of the quantitative phase employing
a standard curve calibration of ten-fold serial dilutions, which covered from 10 to 106

DNA copies of the standard DNA template distributed along the other reagents in the
kit; reliability (repeatability and reproducibility) and sensitivity (limit of detection, LOD,
and limit of quantification, LOQ) with rigorous acceptance criteria. All parameters were
evaluated for a minimum of 10 assays [23] and 25 assays in the case of LOD and LOQ.

2.3.1. Specificity of the Assay

The in silico specificity of the primers and probes was assessed during the designing
step according to an already described protocol [24]. The appropriate software (BLAST
2.14.0+) was used for the analysis of sequences, available on the website of the NCBI
(Bethesda, MD, USA) [25]. The genetic marker targeted by this qPCR was the B6R, the
same used in the PCR recommended by CDC-Atlanta [14,16]. Nevertheless, the primers
and probe were newly designed and located at positions that improved specificity com-
pared to MPXV sequences available at the NCBI and GISAID repositories until September
2022 [20,26]. Comparison in silico was also achieved with sequences corresponding to all
the other OPXV species. Additionally, the exclusivity of the assay was assessed in vitro
with qPCR assays using synthetic double-stranded DNA fragments corresponding to the
closest phylogenetically related CPXV, VACV, and VARV virus.

2.3.2. Study of the Quantitative PCR Phase

The calibration curve was subjected to a linearity analysis conducted using a ten-fold
decimal dilution series (with a range between 10–106 copies) of the Standard Template
included in the kit. The whole calibration curve was replicated 10 times. The validation
of the standard curve was studied using linear regression in a semilogarithmic graph. In
order to achieve this, the following equation was applied: Y = a × X + b, where Y is the
cycle threshold (Ct) obtained for each decimal dilution included in the range; X the copy
number logarithm; a, slope of the linear regression and b, the cut-off regarding Y axis.
Mean values from the fitted regression lines exhibited the results of the slope (a) and the
regression coefficient (R2). Criteria for acceptance requires that the value of the slope to
be found between −4.115 < a < −2.839 and an R2 value superior to 0.98. Regarding the
validation of the linear model, a Fisher test was performed. Once the test was completed,
the model was accepted only if the F derived from the assay (Fassay) was below the F found
in a Fisher distribution table (Ffisher) for (v1 = k−1; v2 = k× [n− 1]), with a 95% Confidence
Interval. Efficiency (E) was computed in accordance with the equations where the slope was
achieved from the linear regression (a): E = 10 −1/slope; e = % Efficiency = (E − 1) × 100. If
75% < e < 125%, then Efficiency could be considered acceptable.

2.3.3. Reliability of Analysis

Reliability is the capability of a method to deliver results without the presence of
random errors. This parameter can be evaluated by making use of the assessment of
repeatability and reproducibility. The results calculated for both parameters should present
coefficient of variation (CV) values of <10% to be deemed satisfactory. The method’s
repeatability was assessed by preparing 10 replicates of the ten-fold standard dilution series
(from 106 to 10 copies belonging to the Standard Template). Independent tests for each
replicated dilution series were performed. The CV was calculated using the following
formula: CV = S/x × 100, where S is the standard deviation and x the average of Ct
values. For reproducibility, the values used were attained from two experimental sets, each
composed of five standard calibration curves (n = 5) prepared by two different technicians
on separate dates. The CV was estimated to assess the reproducibility as follows, where
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Sab is the standard deviation between technician a and b, and xab is the Ct value averaged
from data sets obtained from technician a and b: CV = Sab/xab.

2.3.4. Limit of Detection (LOD) and Limit of Quantification (LOQ)

In order to accept the LOD of the PCR, a verification of the minimum number of
target units gives rise to a positive amplification with a 90% confidence level achieved.
The LOD of the qPCR in accordance with the laboratory’s procedure test was roughly
calculated by performing 15 tests, each composed of 10 copies of the Standard Template.
The assessment of the LOQ involves the calculation of the smallest number of target units
able to generate a repeatability result of quantification. Therefore, the evaluation of the
LOQ of the method giving rise to a repeatability result was accomplished by analysing
the results with a t-Student test with a Confidence Interval of 95%. Assays were carried
out for 10 copies of the Standard Template, which were replicated 15 times. To calculate
the experimental t value, the results of quantification were used. The calculation of the
experimental t value is performed as follows, where x is the median of the sample, µ is the
reference value of copy number, s is the typical deviation, and n is the quantity of samples:
t = (x − µ)/(s/

√
n). The precision of the LOQ was acceptable only if the t value obtained

from the assays was inferior to the theoretical value obtained from the Student table
(t value < t-Student; freedom degree n − 1).

3. Results

The MPXV MONODOSE dtec-qPCR kit was designed and produced by May 2022, be-
ing one of the first commercially available kits when WHO declared MPXV a Public Health
Emergency of International Concern in July 2022. After this process, MPXV-specific primers
and probe sequences targeting B6R were periodically compared to OPXV sequences avail-
able at GISAID and NCBI up to September 2022. These in silico analyses indicated that the
design has a high specificity, matching all MPXV sequences and keeping enough nucleotide
differences to discriminate the other OPXV species. Nevertheless, the comparison of MPXV
showed a significantly high level of similarity to the pair of CPXV sequences of strain
Finland 2000 MAN HQ420893 and strain Austria 1999 HQ407377. Therefore, to ascertain
the species relationships within the OPXV genus, a phylogenetic analysis including B6R
sequences representing the greatest possible diversity of available data was performed.
The obtained phylogenetic tree is shown in Figure 1. This tree confirms that sequences
from strains Finland 2000 MAN and Austria 1999 showed a very close relationship with
the MPXV cluster, although the most common CPXV sequences found in the databases had
a much more distant relationship. Consequently, these sequences were used for in vitro
exclusivity testing due to the low number of nucleotides mismatching to the qPCR primers
and probe; synthetic templates used were selected to contain: i, the sequence corresponding
to CPXV strain Finland, HQ420893.1, the closest to MPXV; and ii, the sequence LR800245.1
representing the clinically relevant VARV species.

Despite having verified the in silico exclusivity of the qPCR for most CPXV strains
(89 sequences), the in vitro assay with the CPXV strain Finland template displayed a
delayed amplification (Ct = 37; 104 DNA copies) when the annealing/extension step was
performed at 60 ◦C (Figure 2). These 2 strains may have been misclassified or be a result of a
polyphyletic origin of the CPXV species (Figure 1). In fact, they share an identical amplicon
sequence with 11 VACV strains (out of 134 total sequences available in public databases).
This implies results obtained for the CPXV strain Finland and Austria should be the same
as the qPCR outcome for 11 VACV strains since they share the exact amplicon sequence.
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Figure 1. Phylogenetic Neighbour-Joining tree showing relationships of MPXV and the most related
species of the OPXV genus. The analysis was derived from the alignment of 944 bp belonging to the
B6R gene. Numbers at nodes indicate bootstrap values in percentage for 1000 replicates.

To increase the astringency of the PCR at the primer-hybridization step, the annealing
temperature of the assay was increased gradually. Still, a weak amplification was observed
when performed at both 61 ◦C and 62 ◦C (Ct = 39 and 41, respectively; 104 DNA copies).
Finally, at 63 ◦C, no signal was detected (no amplification), and the final protocol was modi-
fied accordingly in the kit manual, changing the annealing/elongation temperature to 63 ◦C.
The Positive controls at increasing temperatures did not suffer substantial modifications,
yielding the same Ct values as before the modification of the temperature (Figure 2).

Validation of a set of qPCR reactions using ten-fold serial dilutions from 10 to 106

DNA copies of Standard Template was performed at 63 ◦C. Ct values obtained from the
Positive controls were used to plot a standard curve to estimate the assay’s efficiency
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(Figure 3). Negative control was performed by substituting the Standard Template with
nuclease-free water, and no amplification was observed. The exogenous Internal control
showed amplification between Ct 30.9 and 29.9, values included in the range stipulated by
the manufacturer.

Figure 2. Amplification plots from qPCR assays using synthetic DNA templates containing 104 copies
corresponding to Cowpox virus (CPXV) strain Finland HQ420893.1 and 104 copies of Monkeypox
virus (MPXV) at different annealing temperatures: 60 ◦C (black), 61 ◦C (green), 62 ◦C (orange) and
63 ◦C (red).

Figure 3. Quality Control of MPXV MONODOSE dtec-qPCR Test using ten-fold serial dilutions of
Standard Template from 10 to 106 DNA copies and negative control. Amplification plot (left) and
calibration curve with statistical parameters (right).

Following the guidelines of the UNE/EN ISO/IEC 17025:2005, empirical validation
terms were assessed for a minimum of 10 assays (25 in the case of LOD and LOQ), and
results were subjected to established acceptance criteria (Table 1). Standard curve for
calibration was performed using ten-fold serial dilutions of 10–106 from the provided
synthetic Standard DNA copies, and the obtained slope (a) and coefficient (R2) values were
−3.426 and 1.000, respectively; these results are included within the acceptance ranges. The
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values were considered acceptable since Fassay (1.081) was found below the Ffisher (5.318),
and efficiency e = 95.8%. The CV values to assess the reliability of the method ranged
from 0.69% to 3.90% for repeatability and 0.59% to 3.77% for reproducibility; therefore, the
method is repeatable and reproducible. LOD and LOQ (the sensitivity) were evaluated for
a set of 25 assays containing 10 copies of the Standard Template. LOD was 100% repro-
ducible. The accuracy of LOQ was acceptable since the t value obtained from the assays
(t value = 0.169) was lower than the theoretical value from the Student table
(t-Student = 2.064).

Table 1. Summarized results from the estimation of the qPCR parameters by following standard
guidelines of the MPXV MONODOSE dtec-qPCR. Values, criteria for acceptance, and results are
included. n, repetitions for each parameter.

Term of
Validation Obtained Values Acceptance

Criteria Result

Standard curve
n = 10

Y = −3.426 × X + 38.904
A = −3.426
R2 = 1.00

−4.114 < a < −2.839 ACCEPTED

Fassay = 1.081
Ffisher = 5.318 Fassay < Ffisher ACCEPTED

Efficiency (e) = 95.8% 75% < e < 125% VALIDATED

Reliability
n = 10

Repeatability

CV < 10% REPEATABLE

Conc. CV (%)

106 1.10

105 0.80

104 0.69

103 0.78

102 1.00

101 1.52

5 3.90

Reproducibility

CV < 10% REPRODUCIBLE

Conc. CV (%)

106 copies 0.91

105 copies 0.67

104 copies 0.59

103 copies 0.86

102 copies 1.16

101 copies 1.64

5 copies 3.77

Detection limit (LOD)
n = 25 10 copies Positive = 25/25

(100%) Positives ≥ 90% ACCEPTED

Quantification limit
(LOQ)
n = 25

10 copies t value = 0.169 t value < tstudent ACCEPTED
tstudent = 2.064

4. Discussion

MPX was first described in 1970 (Congo) and has since spread to several African
regions [27,28]. It became a disease of public health relevance in 2003 when an out-
break in the USA occurred [29]. In 2022, more than 114,000 MPX cases were reported in
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111 different countries. Currently, the United States of America has reported the most
cases, with a number exceeding 30,000; Spain is the third most affected country worldwide,
taking the lead in Europe with 7514 confirmed cases, followed by France with more than
4000 reported cases [30,31]. The population that is predominantly vulnerable to the virus is
composed of those born after the cessation of routine smallpox vaccination due to the lack
of protection granted by cross-immunity [2,32]. Recently, the WHO has declared MPXV as
a Public Health Emergency of International Concern [33].

Some primers and probes had been published to enable the detection of MPXV with a
PCR assay, and they were reviewed in the present study. A PCR test for the generic detec-
tion of OPXV was designed to be inclusive for all the species belonging to the genus [15].
Concerning MPXV-specific detection, some authors proposed a probe designed for the
B6R target, which presented a mutation in the 5′ end of 30% of sequences of the MPXV
currently available, hindering the obtention of acceptable results [16]. Subsequent studies
performed with GR2 as a target showed complete inclusivity; nevertheless, primers and
probe sequences were not completely exclusive for MPXV [14]. These studies were an ex-
cellent foundation for MPXV detection, but improvement could be achieved by developing
more exclusive primers and probes. Last September, while drafting the present article, CDC
announced a laboratory alert indicating that some molecular laboratory-developed tests
may lead to false negative results. Said tests had been designed using the CDC published
primers and probes that specifically detect MPXV; therefore, this event may be caused
by some deletions of the tumour necrosis factor (TNF) receptor gene that is present in
some specimens [34]. Given recent events, a fast, affordable, simple, sensitive, and reliable
method to detect MPXV specifically was advisable to help monitor the expansion of this
virus [35,36].

In the present study, in silico analysis performed when reviewing the specificity of
the MPXV qPCR kit validated exhibited complete inclusivity for all the MPXV sequences
available in the public databases. Results also manifested enough mismatches to discrimi-
nate VARV and other OPXV species; nonetheless, a significantly high level of similarity to
CPXV B6R sequences (Finland 2000 MAN HQ420893 and Austria 1999 HQ407377), as well
as to part of VACV sequences was revealed. Therefore, a phylogenetic analysis including
sequences representing the greatest diversity of each OPXV species found in the databases
was performed.

This analysis indicated that all OPXV species, except CPXV, grouped at clearly sepa-
rated and robust clusters, as high bootstrap values were obtained in most cases (Figure 1).
However, the relationships displayed in the resulting phylogenetic tree proved that CPXV
species, as currently described, comprises several distantly related phylogenetic clusters,
suggesting a polyphyletic origin and/or a possible misclassification. This issue was already
highlighted by the International Committee on Taxonomy of Viruses (ICTV) in the report
for the family Poxvididae, but no further information was accessible [37]. A deeper evalu-
ation of available sequences showed similar relationships from nine housekeeping gene
sequences of the same strains selected from databases when a Multi-locus Phylogenetic
Analysis (MLPA) was performed (study in progress). This MLPA approach also agrees
with a previous study performed using full genomes [38] that was recently reviewed and
confirmed using the most conserved core of the genomes [39]. In all, these findings suggest
that the current method for identification of the CPXV may lead to confusion regarding
taxonomic classification. Closely related sequences from VACV and CPXV (Figure 1) and
clinically relevant VARV sequences were selected to construct synthetic templates for
in vitro validation of exclusivity. As shown in Figure 3, weak PCR signals and delayed
amplifications obtained in the case of 2 CPXV strains and 11 VACV strains, which share
a common template, were solved by increasing astringency at the annealing step of the
PCR cycling. Finding a solution was a notable improvement of the kit because the previous
results may be interpreted as false positives.

The results obtained from the validation of the MPXV MONODOSE dtec-qPCR kit
were optimum according to the criteria for acceptance recommended by the guidelines
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of the UNE/EN ISO/IEC 17025:2005 and by the French Standard NF T90-471:2010. The
results and the criteria for each term of validation are summarized in Table 1. To perform
quantification experiments of quality, the evaluation of the quantitative PCR phase inside
the range of the standard curve is essential. For the validation process, the assay should be
repeated a number of times to be statistically relevant; therefore, during the present study,
it was considered appropriate to replicate the analysis at least 10 times. The Fisher test was
applied to evaluate the linear model, and it was found acceptable since Fassay was found to
be significantly below Ffisher. The performance of the method can be evaluated through
Efficiency, which was found to be e = 95.8%; even though values above 75% are usually
considered acceptable, it is preferred to obtain a value above 90% to ensure the yield of
the PCR amplification is appropriate. The method was found repeatable and reproducible
because the CV was lower than 10% in all cases and, consequently, reliable. Also, the
sensitivity was assessed during the validation of the method since it indicates the ability of
the kit to correctly detect the target. Despite the LOD requiring positive results over 90%,
this study provided positive outcomes in a 100% of the cases. Finally, the LOQ result was
accepted because it was found within the stipulated range, as the t value obtained was
lower than the tstudent (0.169 < 2.064). In conclusion, the results of the analysed parameters
stipulated in the ISO17025 were all accepted according to the criteria established (Table 1).

The MPXV MONODOSE dtec-PCR kit contains individual ready-to-use tubes which
include all the components needed for the specific detection of this pathogen performing a
qPCR test. This method presents considerable benefits with respect to other PCR methods
previously reported [14–17,40]. This technology is very manageable and straightforward
since all the reagents required are dehydrated together, enabling technicians to add their
samples and run the PCR without the need to carry out any intermediate steps. Another
advantage of this kit format is that the use of dry ice during shipment is not necessary, as
it can be transported at room temperature, considerably reducing the time required for
delivery and cost. As no freeze-thawing is required, enzyme stability is not compromised.
Also, cross-contamination and fluorophore deterioration by UV light has been reduced in
the largest amount possible.

A diagnostic validation using clinical samples was conducted by the reference health
laboratory Instituto de Salud Carlos III (Madrid, Spain) [41]. During this external study,
several commercially available kits (GPS™, ThermoFisher, Roche, MaterLab, Integrate
DNA Technologies, NovaTec, Nzytech) and other published PCR methods for the detection
of MPXV [14,15,17] have been compared. The diagnostic performance was assessed by
comparing the capability of the different available assays to detect the minimum num-
ber of copies in a reaction tube, hereby determining the LOD with clinical samples for
each methodology. This comparative study also includes the analysis of the diagnostic
parameters (diagnostic sensitivity and diagnostic specificity) for MPXV detection using
a selection of 40 clinical samples (lesion exudate, skin injury, vesicular fluid), 21 positive
and 19 negatives. The MPXV MONODOSE dtec-qPCR kit developed by GPS™ exhibited a
100% for both diagnostic sensitivity and specificity, and, which is most important, it showed
the lowest LOD when compared with the other techniques [41]. As previously mentioned,
sensitivity is quite an influential parameter during the validation of a method, and the
validation described in this study proved the kit to be highly sensitive; this information,
together with the results obtained by the ISCIII, suggests that this kit may be suitable for
the analysis of human clinical samples. Further testing will be undertaken with the aim of
using it as an In Vitro Diagnostic tool (IVD).

In conclusion, considering all the previously discussed results, it appears that the
MPXV MONODOSE dtec-qPCR kit may be an eligible candidate to be deemed a robust
method for the detection of MPXV. This worldwide available kit might be considered as
reliable, sensitive, and innovative, making the method for MPXV detection simple, fast,
and safe to use. In sight of the promising results obtained by the ISCIII in the previously
described study performed with 40 clinical samples, further research could be conducted
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with a higher number of clinical samples in order to validate this kit for human diagnosis
in the near future.

Author Contributions: All authors contributed equally to the work. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All data have been included in the text.

Acknowledgments: This study was possible thanks to the support of the company genetic PCR
solutions™. Typing of the manuscript was reviewed by Paloma Romero.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. McCollum, A.M.; Damon, I.K. Human monkeypox. Clin. Infect. Dis. 2014, 58, 260–267. [CrossRef] [PubMed]
2. Brown, K.; Leggat, P.A. Human monkeypox: Current state of knowledge and implications for the future. Trop. Med. Infect. Dis.

2016, 1, 8. [CrossRef] [PubMed]
3. Happi, C.; Adetifa, I.; Mbala, P.; Njouom, R.; Nakoune, E.; Happi, A.; Ndodo, N.; Ayansola, O.; Mboowa, G.; Bedford, T.; et al.

Urgent need for a non-discriminatory and non-stigmatizing nomenclature for monkeypox virus. PLoS Biol. 2022, 20, e3001769.
[CrossRef]

4. Sklenovská, N.; Ranst, M.V. Emergence of Monkeypox as the Most Important Orthopoxvirus Infection in Humans. Front. Public
Health 2018, 6, 241. [CrossRef] [PubMed]

5. Yinka-Ogunleye, A.; Aruna, O.; Ogoina, D.; Aworabhi, N.; Eteng, W.; Badaru, S.; Mohammed, A.; Agenyi, J.; Etebu, E.; Numbere,
T.-W.; et al. Reemergence of Human Monkeypox in Nigeria, 2017. Emerg. Infect. Dis. 2018, 24, 1149–1151. [CrossRef]

6. Sukhdeo, S.S.; Aldhaheri, K.; Lam, P.W.; Walmsley, S. A case of human monkeypox in Canada. CMAJ 2022, 194, E1031–E1035.
[CrossRef]

7. Kumar, N.; Acharya, A.; Gendelman, H.E.; Byrareddy, S.N. The 2022 outbreak and the pathobiology of the monkeypox virus.
J. Autoimmun. 2022, 131, 102855. [CrossRef]

8. Velavan, T.P.; Meyer, C.G. Monkeypox 2022 outbreak: An update. Trop. Med. Int. Health 2022, 27, 604–605. [CrossRef]
9. Focosi, D.; Novazzi, F.; Baj, A.; Maggi, F. Monkeypox: An international epidemic. Rev. Med. Virol. 2022, 32, e2392. [CrossRef]
10. Bunge, E.M.; Hoet, B.; Chen, L.; Lienert, F.; Weidenthaler, H.; Baer, L.R.; Steffen, R. The changing epidemiology of human

monkeypox—A potential threat? A systematic review. PLoS Negl. Trop. Dis. 2022, 16, e0010141. [CrossRef]
11. Kaler, J.; Hussain, A.; Flores, G.; Kheiri, S.; Desrosiers, D. Monkeypox: A Comprehensive Review of Transmission, Pathogenesis,

and Manifestation. Cureus 2022, 14, e26531. [CrossRef]
12. Murphy, H.; Ly, H. The potential risks posed by inter- and intraspecies transmissions of monkeypox virus. Virulence 2022, 13,

1681–1683. [CrossRef]
13. Wenham, C.; Eccleston-Turner, M. Monkeypox as a PHEIC: Implications for global health governance. Lancet 2022, 400, 2169–2171.

[CrossRef]
14. Li, Y.; Zhao, H.; Wilkins, K.; Hughes, C.; Damon, I.K. Real-time PCR assays for the specific detection of monkeypox virus West

African and Congo Basin strain DNA. J. Virol. Methods 2010, 169, 223–227. [CrossRef]
15. Fedele, C.G.; Negredo, A.; Molero, F.; Sánchez-Seco, M.P.; Tenorio, A. Use of Internally Controlled Real-Time Genome Ampli-

fication for Detection of Variola Virus and Other Orthopoxviruses Infecting Humans. J. Clin. Microbiol. 2006, 44, 4464–4470.
[CrossRef]

16. Li, Y.; Olson, V.A.; Laue, T.; Laker, M.T.; Damon, I.K. Detection of monkeypox virus with real-time PCR assays. J. Clin. Virol. 2006,
36, 194–203. [CrossRef]

17. Shchelkunov, S.N.; Shcherbakov, D.N.; Maksyutov, R.A.; Gavrilova, E.V. Species-specific identification of variola, monkeypox,
cowpox, and vaccinia viruses by multiplex real-time PCR assay. J. Virol. Methods 2011, 175, 163–169. [CrossRef]

18. World Health Organization. Laboratory Testing for the Monkeypox Virus: Interim Guidance; World Health Organization: Geneva,
Switzerland, 2022.

19. Townsend, M.B.; MacNeil, A.; Reynolds, M.G.; Hughes, C.M.; Olson, V.A.; Damon, I.K.; Karem, K.L. Evaluation of the Tetracore
Orthopox BioThreat® antigen detection assay using laboratory grown orthopoxviruses and rash illness clinical specimens. J. Virol.
Methods 2013, 187, 37–42. [CrossRef]

20. National Center for Biotechnology Information. Available online: https://www.ncbi.nlm.nih.gov (accessed on 30 November 2022).
21. Tamura, K.; Stecher, G.; Kumar, S. MEGA11: Molecular Evolutionary Genetics Analysis Version 11. Mol. Biol. Evol. 2021, 38,

3022–3027. [CrossRef]

https://doi.org/10.1093/cid/cit703
https://www.ncbi.nlm.nih.gov/pubmed/24158414
https://doi.org/10.3390/tropicalmed1010008
https://www.ncbi.nlm.nih.gov/pubmed/30270859
https://doi.org/10.1371/journal.pbio.3001769
https://doi.org/10.3389/fpubh.2018.00241
https://www.ncbi.nlm.nih.gov/pubmed/30234087
https://doi.org/10.3201/eid2406.180017
https://doi.org/10.1503/cmaj.220886
https://doi.org/10.1016/j.jaut.2022.102855
https://doi.org/10.1111/tmi.13785
https://doi.org/10.1002/rmv.2392
https://doi.org/10.1371/journal.pntd.0010141
https://doi.org/10.7759/cureus.26531
https://doi.org/10.1080/21505594.2022.2127199
https://doi.org/10.1016/S0140-6736(22)01437-4
https://doi.org/10.1016/j.jviromet.2010.07.012
https://doi.org/10.1128/JCM.00276-06
https://doi.org/10.1016/j.jcv.2006.03.012
https://doi.org/10.1016/j.jviromet.2011.05.002
https://doi.org/10.1016/j.jviromet.2012.08.023
https://www.ncbi.nlm.nih.gov
https://doi.org/10.1093/molbev/msab120


Diagnostics 2023, 13, 1560 11 of 11

22. Saitou, N.; Nei, M. The neighbor-joining method: A new method for reconstructing phylogenetic trees. Mol. Biol. Evol. 1987, 4,
406–425. [CrossRef]

23. Martínez-Murcia, A.; Navarro, A.; Bru, G.; Chowdhary, A.; Hagen, F.; Meis, J.F. Internal validation of GPS TM MONODOSE
CanAur dtec-qPCR kit following the UNE/EN ISO/IEC 17025:2005 for detection of the emerging yeast Candida auris. Mycoses
2018, 61, 877–884. [CrossRef]

24. Martínez-Murcia, A.; Bru, G.; Navarro, A.; Ros-Tárraga, P.; García-Sirera, A.; Pérez, L. Comparative in silico design and validation
of GPSTM CoVID-19 dtec-RT-qPCR test. J. Appl. Microbiol. 2021, 130, 2–13. [CrossRef] [PubMed]

25. BLAST: Basic Local Alignment Search Tool. Available online: https://blast.ncbi.nlm.nih.gov/Blast.cgi (accessed on 30 November 2022).
26. Re3data.Org. GISAID 2012. Available online: https://doi.org/10.17616/R3Q59F (accessed on 30 November 2022).
27. Breman, J.G.; Kalisa-Ruti; Steniowski, M.V.; Zanotto, E.; Gromyko, A.I.; Arita, I. Human monkeypox, 1970–1979. Bull. World

Health Organ. 1980, 58, 165–182. [PubMed]
28. Yinka-Ogunleye, A.; Aruna, O.; Dalhat, M.; Ogoina, D.; McCollum, A.; Disu, Y.; Mamadu, I.; Akinpelu, A.; Ahmad, A.; Burga, J.;

et al. Outbreak of human monkeypox in Nigeria in 2017–2018: A clinical and epidemiological report. Lancet Infect. Dis. 2019, 19,
872–879. [CrossRef] [PubMed]

29. Parker, S.; Buller, R.M. A review of experimental and natural infections of animals with monkeypox virus between 1958 and 2012.
Future Virol. 2013, 8, 129–157. [CrossRef] [PubMed]

30. Petersen, E.; Kantele, A.; Koopmans, M.; Asogun, D.; Yinka-Ogunleye, A.; Ihekweazu, C.; Zumla, A. Human Monkeypox:
Epidemiologic and Clinical Characteristics, Diagnosis, and Prevention. Infect. Dis. Clin. North Am. 2019, 33, 1027–1043. [CrossRef]
[PubMed]

31. CDC. Monkeypox in the U.S. Centers for Disease Control and Prevention 2022. Available online: https://www.cdc.gov/poxvirus/
monkeypox/response/2022/world-map.html (accessed on 10 October 2022).

32. Simpson, K.; Heymann, D.; Brown, C.S.; Edmunds, W.J.; Elsgaard, J.; Fine, P.; Hochrein, H.; Hoff, N.A.; Green, A.; Ihekweazu,
C.; et al. Human monkeypox—After 40 years, an unintended consequence of smallpox eradication. Vaccine 2020, 38, 5077–5081.
[CrossRef]

33. WHO Director-General Declares the Ongoing Monkeypox Outbreak a Public Health Emergency of International Concern. Avail-
able online: https://www.who.int/europe/news/item/23-07-2022-who-director-general-declares-the-ongoing-monkeypox-
outbreak-a-public-health-event-of-international-concern (accessed on 30 November 2022).

34. CDC. Lab Alert: MPXV TNF Receptor Gene Deletion May Lead to False Negative Results with Some MPXV Specific LDTs 2022.
Available online: https://www.cdc.gov/locs/2022/09-02-2022-lab-alert-MPXV_TNF_Receptor_Gene_Deletion_May_Lead_
False_Negative_Results_Some_MPXV_Specific_LDTs.html (accessed on 30 December 2022).

35. Lai, C.-C.; Hsu, C.-K.; Yen, M.-Y.; Lee, P.-I.; Ko, W.-C.; Hsueh, P.-R. Monkeypox: An emerging global threat during the COVID-19
pandemic. J. Microbiol. Immunol. Infect. 2022, 55, 787–794. [CrossRef]

36. Jiang, Z.; Sun, J.; Zhang, L.; Yan, S.; Li, D.; Zhang, C.; Lai, A.; Su, S. Laboratory diagnostics for monkeypox: An overview of
sensitivities from various published tests. Travel Med. Infect. Dis. 2022, 49, 102425. [CrossRef]

37. Genus: Orthopoxvirus | ICTV. Available online: https://ictv.global/report/chapter/poxviridae/poxviridae/orthopoxvirus
(accessed on 19 April 2023).

38. Franke, A.; Pfaff, F.; Jenckel, M.; Hoffmann, B.; Höper, D.; Antwerpen, M.; Meyer, H.; Beer, M.; Hoffmann, D. Classification of
Cowpox Viruses into Several Distinct Clades and Identification of a Novel Lineage. Viruses 2017, 9, 142. [CrossRef]

39. Babkin, I.V.; Babkina, I.N.; Tikunova, N.V. An Update of Orthopoxvirus Molecular Evolution. Viruses 2022, 14, 388. [CrossRef]
40. Luciani, L.; Inchauste, L.; Ferraris, O.; Charrel, R.; Nougairède, A.; Piorkowski, G.; Peyrefitte, C.; Bertagnoli, S.; de Lamballerie, X.;

Priet, S. A novel and sensitive real-time PCR system for universal detection of poxviruses. Sci. Rep. 2021, 11, 1798. [CrossRef]
41. Sociedad Española de Virología (SEV). Diagnostic procedures for the diagnosis of Monkeypox virus in Spain: Comparison of

methodology. In Virología; Publicación Oficial de la Sociedad Española de Virología: Málaga, Spain, 2022; Volume 25, p. 112.
Available online: https://www.congresovirologiasev2022.com/uploads/app/1463/files/6317338f7109flibro_resumenes_sev2
022.pdf (accessed on 30 November 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/oxfordjournals.molbev.a040454
https://doi.org/10.1111/myc.12834
https://doi.org/10.1111/jam.14781
https://www.ncbi.nlm.nih.gov/pubmed/32652813
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://doi.org/10.17616/R3Q59F
https://www.ncbi.nlm.nih.gov/pubmed/6249508
https://doi.org/10.1016/S1473-3099(19)30294-4
https://www.ncbi.nlm.nih.gov/pubmed/31285143
https://doi.org/10.2217/fvl.12.130
https://www.ncbi.nlm.nih.gov/pubmed/23626656
https://doi.org/10.1016/j.idc.2019.03.001
https://www.ncbi.nlm.nih.gov/pubmed/30981594
https://www.cdc.gov/poxvirus/monkeypox/response/2022/world-map.html
https://www.cdc.gov/poxvirus/monkeypox/response/2022/world-map.html
https://doi.org/10.1016/j.vaccine.2020.04.062
https://www.who.int/europe/news/item/23-07-2022-who-director-general-declares-the-ongoing-monkeypox-outbreak-a-public-health-event-of-international-concern
https://www.who.int/europe/news/item/23-07-2022-who-director-general-declares-the-ongoing-monkeypox-outbreak-a-public-health-event-of-international-concern
https://www.cdc.gov/locs/2022/09-02-2022-lab-alert-MPXV_TNF_Receptor_Gene_Deletion_May_Lead_False_Negative_Results_Some_MPXV_Specific_LDTs.html
https://www.cdc.gov/locs/2022/09-02-2022-lab-alert-MPXV_TNF_Receptor_Gene_Deletion_May_Lead_False_Negative_Results_Some_MPXV_Specific_LDTs.html
https://doi.org/10.1016/j.jmii.2022.07.004
https://doi.org/10.1016/j.tmaid.2022.102425
https://ictv.global/report/chapter/poxviridae/poxviridae/orthopoxvirus
https://doi.org/10.3390/v9060142
https://doi.org/10.3390/v14020388
https://doi.org/10.1038/s41598-021-81376-4
https://www.congresovirologiasev2022.com/uploads/app/1463/files/6317338f7109flibro_resumenes_sev2022.pdf
https://www.congresovirologiasev2022.com/uploads/app/1463/files/6317338f7109flibro_resumenes_sev2022.pdf

	Introduction 
	Materials and Methods 
	Real-Time PCR Tests 
	Sequences Alignment and Phylogenetic Analysis 
	Validation of the Assay following Standard Guidelines 
	Specificity of the Assay 
	Study of the Quantitative PCR Phase 
	Reliability of Analysis 
	Limit of Detection (LOD) and Limit of Quantification (LOQ) 


	Results 
	Discussion 
	References

