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Simple Summary: In this study, we investigated the presence of Alphavirus in bovines and equines
with signs of encephalitis. After comparing four Universal RT-PCR methods and selecting the one
best suited for our laboratory conditions, none of the bovine brains tested positive for Alphavirus.
However, out of the 30 equine samples, only four were positive using the selected Universal RT-PCR.
Through sequencing, we confirmed that only two of these samples belonged to the Venezuelan equine
encephalitis virus subtype IE. These samples were isolated in the northern region of Costa Rica. The
presence of this virus highlights the importance of ongoing surveillance and understanding of these
viruses to implement effective disease control measures under one health umbrella concept.

Abstract: Alphavirus species are globally distributed zoonoses primarily transmitted by arthropods.
The Venezuelan equine encephalitis virus (VEEV) and Eastern equine encephalitis virus (EEEV) are
endemic in Costa Rica. This study aims to detect these viruses in brain samples from equines display-
ing nervous signs. For this purpose, four published Universal RT-PCR methods were compared. The
most sensitive and specific RT-PCR method was used to test a total of 70 brain samples, including 40
from bovines and 30 from equines, all exhibiting nervous signs. In the positive cases, eight different
brain regions were extracted and tested using this RT-PCR. Positive cases were confirmed through
sequencing. Torii RT-PCR demonstrated the highest sensitivity and specificity for diagnosing VEEV
and EEEV/Sind among the four Universal RT-PCR assays. Not all assessed brain regions showed
DNA amplification. None of the bovine brains was positive, and out of the 30 equine brain samples,
only four tested positive, and sequencing confirmed two of these samples as VEEV subtype IE. Torii
RT-PCR successfully detected VEEV in pools of the hippocampus, spinal cord, and basal nuclei,
making these brain regions suitable for diagnosing this virus. None of the samples were positive for
EEEV or WEEV.

Keywords: alphavirus; Costa Rica; Venezuelan equine encephalitis; RT-PCRs

1. Introduction

The Alphavirus genus comprises over 31 species, most of which are zoonotic viruses
transmitted by mosquitoes [1]. Outbreaks caused by 30 of these species have had a signif-
icant impact on public health in the Americas, including diseases such as Chikungunya,
Venezuelan equine encephalitis virus (VEEV), Eastern equine encephalitis virus (EEEV),
and Western equine encephalitis virus (WEEV) [2]. Alphaviruses can cause a range of
diseases in humans, ranging from flu-like symptoms to arthritis, rashes, and potentially
fatal encephalitis [2].

Among the methods for diagnosing Alphavirus, polymerase chain reaction (PCR) is
a reliable and sensitive technique. Various PCR variants have been modified to reduce
costs while maintaining accuracy [3]. Universal PCR is one such variant that can detect
virus families or genera by targeting multiple species in a single reaction [4]. Although
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sequencing of the PCR product is necessary to determine the specific Alphavirus species
or strain [5], this methodology allows for the discovery of new Alphaviruses and differen-
tiation between various viral species affecting different hosts [6]. Several universal PCR
assays have been published for diagnosing the Alphavirus genus [4,6–9]. However, given
the variety of diagnostic options and potential universal primer candidates for Alphavirus,
it is crucial to properly compare and assess the conditions and limitations of the available
sets of universal primers.

In Costa Rica, VEEV and EEEV are endemic [10], while WEEV has not been detected [11].
However, VEEV is more prevalent (35.9%) (confidence interval (CI): 29.9–42.5) than EEEV
(2.8%) (CI: 1.3–5.9) [10]. VEE infection in humans can manifest as fever, headache, vomiting,
and diarrhea, which can sometimes be misdiagnosed as dengue fever [12]. Equines, on the
other hand, may exhibit symptoms such as weight loss, ataxia, blindness, and even death [13].
This study aims to detect the presence of Alphavirus in brain samples collected from 2012 to
2021, including 40 cattle and 30 horses with encephalitis that tested negative for rabies. To
achieve this, four Universal RT-PCR methods were compared to determine the most sensitive
and specific one for detecting Alphavirus in these samples.

2. Materials and Methods

Positive Controls were provided by the Gorgas Memorial Institute of Health. The TC83
VEEV IAB strain and the EEEV/Sinv chimeric virus [14] were propagated in Vero E6 cell
cultures. The monolayer of each virus was inoculated at a multiplicity of infection (MOI)
of 0.1 in a 150 cm flask containing 15 mL of Dulbecco’s Modified Eagle Medium (DMEM)
supplemented with 2% fetal bovine serum (FBS). The flasks were incubated at 37 ◦C for one
hour, with rocking every 15 min to ensure even distribution of the virus. After harvesting,
the titers of EEE/Sinv and TC83 were determined to be 1.4 × 108 plaque-forming units per
milliliter (PFU/mL) and 7 × 109 PFU/mL, respectively.

Histological analysis was performed on various brain regions that were fixed in for-
malin, including the spinal cord, medulla oblongata, cerebellum, frontal colliculi, thalamus,
hippocampus, occipital cortex, and basal ganglia. This analysis was conducted on a brain
sample obtained from an equine with encephalitis, which was collected on 22 October 2015,
and had tested positive for VEEV by IgM ELISA. No fixed tissue from these locations was
preserved at −80 ◦C for molecular analysis.

The control samples were stored at temperatures between −50 ◦C and −80 ◦C and
were extracted using either the magnetic beads method (Applied Biosystems™ (Waltham,
MA, USA), MagMAX™ Viral/Pathogen Nucleic Acid Isolation Kit) or the column method
DNeasy Blood and Tissue Kit (Qiagen, Germantown, MD USA).

One RT-PCR and three nested and semi-nested RT-PCRs were assessed to compare
the sensitivity of different Universal RT-PCR methods [6–9]. These PCR methods were
evaluated for their ability to detect varying dilutions of Alphaviruses, ranging from
107 PFU/mL to 103 PFU/mL for the VEEV TC83 strain and from 106 PFU/mL to
102 PFU/mL for the EEEV/Sinv chimeric virus. The workflow for the comparison of
the Universal RT-PCRs is depicted in Figure 1.

In Phase I, two-step nested RT-PCR was tested with a total of 21 dilutions of the control
samples described previously. The reverse transcription step was the same for the Grywna,
Pfeffer, and Sanchez protocols. The specific details of the reverse transcription master mix
can be found in Table S1 of Supplementary Materials. The PCR and nested PCR conditions,
including the master mix reactions and thermocycling conditions, for the Grywna, Pfeffer,
and Sanchez protocols are provided in Table S2 of Supplementary Materials.

The Grywna protocols were performed using an Applied Biosystems Veriti Thermal
Cycler, while other reactions without touchdown protocols were carried out in an Applied
Biosystems 2720 Thermal Cycler (Waltham, MA, USA). In the Grywna protocol, a 210 bp
amplicon was generated from the region of the NSP4 gene during the second round of
the nested PCR. For the Pfeffer protocol, the amplicons were 434 bp and 310 bp for the
first RT-PCR and the nested PCR, respectively, targeting the NSP1 gene. The Sanchez
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protocol produced amplicons of 481 bp and 195 bp for each round, respectively, targeting
the NSP4 gene. In all RT-PCRs, water was added as necessary to complete the master
mix volume reaction. The amplicons were visualized using a 2% agarose gel stained with
Gel-Red. A molecular weight ladder, specifically the 50 bp GeneRuler™ ladder, was used
for size determination. The ladder contained bands ranging from 50 bp to 1000 bp, with
the strongest bands corresponding to 250 bp and 500 bp.

Figure 1. Workflow of the brain samples process.

In Phase II, the Pfeffer, Sanchez, and Torii protocols were compared in the one-step
RT-PCR format. The details of these protocols can be found in Table S3 RT-PCR step of
the Pfeffer, Sanchez, and Torii protocols in Supplementary Materials. Specifically, the Torii
RT-PCR protocol amplified a fragment of approximately 460 bp in the NS4 gene [6]. The
McNemar and Kappa tests were used to establish significant differences between the four
methods evaluated during the first and second phases.

In Phase III, the comparison focused on the volume of extraction, specifically using
1 µL and 5 µL volumes. The most sensitive RT-PCR protocol from Phase II was used
for this comparison. The samples used in these assays included dilutions of VEEV TC83
(7 × 105 PFU/mL) and EEEV (1.2 × 105 PFU/mL). Additionally, cell culture supernatants of
VEEV (5 × 108 PFU/mL) and EEEV/Sinv (4.5 × 106 PFU/mL) were titrated on 20 August
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2018 (40 months prior) and were used. These control samples were stored at −80 ◦C and
were thawed for testing. Tenfold dilutions were prepared in DNAase and RNAse-free water,
and 200 µL of each dilution was extracted using two commercial methods, columns and
magnetic beads (Dneasy Blood and Tissue Kit (Qiagen, Germantown, MD, USA), magnetic
beads method with Applied Biosystems™ MagMAX™ Viral/Pathogen Nucleic Acid Isolation
Kit (Thermo Fisher Scientific, Waltham, MA USA), and Mag-MAX™-96 Total).

In 2015, an equine brain that tested positive for VEEV through IgM ELISA was used for
further analysis. From this brain, tissue samples ranging from 53 mg to 99 mg were collected
from 8 identified locations. For each sample, tissue pieces weighing between 20 mg to 25 mg
were extracted using the Dneasy Blood and Tissue Kit (Qiagen, Germantown, MD, USA) and
subsequently eluted in 200 µL of AE buffer. These extracted samples were then subjected to
testing using the most suitable RT-PCR method determined in the study.

The brain tissue samples analyzed in the study were collected from a total of 70 animals
with signs of encephalitis, including 30 equines and the remaining samples from bovines. The
collection period spanned from 2012 to 2021, and all samples were stored at temperatures
ranging between −20 ◦C and −80 ◦C for preservation and subsequent analysis. The extraction
of nucleic acids from the brain tissue samples was performed using either the magnetic beads
method with the Applied Biosystems™ MagMAX™ Viral/Pathogen Nucleic Acid Isolation
Kit (Waltham, MA, USA) or the column method with the Dneasy Blood and Tissue Kit (Qiagen,
Germantown, MD USA).

In the case of amplified positive samples, they were further confirmed through sequenc-
ing using the Sanger protocol. Forward and reverse primer reactions were prepared sepa-
rately, with each reaction containing a 20 µL mixture comprising 0.5× ready reaction premix,
0.5× sequencing buffer, 8 µM forward or reverse primers, and 10 µL of DNA (10–40 ng/µL).
The PCR reactions underwent thermal cycling conditions, followed by resin and SAMTM So-
lution purification. Depending on the band intensity observed, 10 to 20 µL of the supernatant
was transferred to a 96-well plate. The sequencing step was performed using a SeqStudio
genetic analyzer from Applied Biosystems™ (Waltham, MA, USA).

Ethics

All samples used in this study were taken according to law 8495, “General Law of the
National Animal Health Service”.

3. Results

Our primary aim was to enhance the diagnostic surveillance of animals exhibiting
encephalitis signs. Throughout this investigation, we evaluated different protocol formats
to determine the most effective method for our study.

3.1. Phase I Universal Two-Step RT-PCR Format

Figure 2 presents the results of the three nested Universal RT-PCR assays, which
utilized the same control dilutions of Alphavirus. The molecular weight (MW) is a 50 bp
ladder, the first five bands ranging from 50 to 250 bp, followed by bands ranging from
300 bp to 1000 bp. The strongest bands in the ladder correspond to 250 bp and 500 bp. The
arrows show the amplified products in each PCR according to the dilution used. Lanes for
each method correspond to the same control samples.

Figure 2A shows the Grywna nested RT-PCR results. An amplicon size of 210 bp is ob-
served only in the dilution VEEV 107 PFU/mL, indicated by an arrow; lower concentrations
of VEEV or any EEEV/Sinv dilutions were not detected. In Figure 2B, the Pfeiffer nested
RT-PCR exhibits positive amplicon bands at 434 bp (first RT-PCR) and 310 bp (second
PCR). This method detected four more dilutions, resulting in a total of five more samples
being identified compared to the Grywna test. VEEV at concentrations of 107 PFU/mL and
105 PFU/mL and the EEEV/Sinv controls from 106 PFU/mL to two replicates of 104 PFU, as
was indicated by an arrow at the 434 bp band in the initial RT-PCR. However, no clear bands
were observed at the 310 bp band in the nested PCR (Figure 2B). The Kappa agreement
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test returned a fair agreement level of 0.22 between the two methods. Furthermore, the
differences observed between these two methods were found to be statistically significant
according to the McNemar test (p = 0.0004).
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Figure 2. Comparison of the three universal nested RT-PCR assays using the two-step format.
(A) depicts Grywna nested RT-PCR results, (B), the Pfeiffer nested RT-PCR and (C) shows the results
of the Sanchez-nested RT-PCR. Lane 1 negative control (no virus). Lanes 2 to 11 show VEEV positive
controls, with varying concentrations (107, 105, 104, 104, 5 × 103, 5 × 103, 2.5 × 103, 2.5 × 103, 103,
103) expressed in PFU/mL. Lanes 12 to 21 depict the EEEV/Sinv Positive control, with the following
concentrations (106, 105, 104, 104, 5 × 103, 5 × 103, 2.5 × 103, 5 × 103, 103, 103) expressed in PFU/mL.

Figure 2C displays the results of the Sanchez-nested RT-PCR, showing amplicons at
481 bp (first PCR) and 195 bp (second PCR indicated by an arrow). These amplicons were
consistently observed in all concentrations of EEEV/Sinv. However, it is worth noting that
this band was not consistently present in all VEEV dilutions.

In comparison to the Pfeffer test, the Sanchez-nested RT-PCR detected ten more posi-
tive controls. The Kappa agreement test also showed a fair agreement level of 0.22 between
the two methods. Furthermore, the differences observed were found to be statistically
significant according to the McNemar test (p = 0.0015).

It is important to highlight that, in this assay (Figure 2C), nonspecific bands were also
amplified. Specifically, the band observed in lane 13 corresponds to the EEEV/Sinv 103 PFU/mL
chimeric virus, which was later confirmed as Sinv through sequencing.
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3.2. Phase II Universal One-Step RT-PCR Format

Figure 3 depicts the comparison of three one-step RT-PCR formats (Pfeffer, Sanchez, and
Torii) for detecting the dilution of two viruses, VEEV and EEEV/Sinv, at various concentrations
expressed in PFU/mL. The Lanes for each method correspond to the same samples.
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Figure 3. Agarose electrophoresis of RT-PCR products obtained using Pfeffer, Sanchez, and Torii meth-
ods. Lane 1 negative control (no virus), Lane 2—VEEV 107, Lane 3—VEEV 106, Lane 4—VEEV 105,
Lane 5—VEEV 104, Lane 6—VEEV 103, Lane 7—EEEV/Sinv 107, Lane 8—EEEV/Sinv 106,
Lane 9—EEEV/Sinv 105, Lane 10—EEEV/Sinv 104, Lane 11—EEEV/Sinv 103, Lane 12—VEEV 103,
Lane 13—EEEV/Sinv 103.

The one-step Pfeffer RT-PCR reliably detected VEEV at concentrations of 107 and
106 PFU/mL, but not at lower concentrations, and also detected the EEEV/Sinv concentration
from 107 PFU/mL to EEEV/Sinv 103 PFU/mL. The Sanchez-nested RT-PCR successfully
detected all dilutions of both viruses, except for both replicates of VEEV103 PFU/mL. Sample
13 from the nested Sánchez RT PCR EEEV/Sinv103 PFU/mL was not dispensed in the gel. No
statistical differences were observed in this case between these methods p = 0.08 by McNemar,
and the Kappa agreement was considered a moderate level of 0.5.

The Torii RT-PCR detected the same dilutions as the Sanchez-nested RT-PCR. No
statistical significance was observed when Sanchez and Torii tests were compared, and the
Kappa agreement was perfect.

Considering the sensitivity and specificity of each Universal PCR method for detecting
Alphavirus, as well as the time and resources required to complete each protocol, the Torii
one-step RT-PCR [6] has been selected for the next phase.

3.3. Brain Tissue Samples

No differences were observed when testing 1 µL or 5 µL of extracted RNA from control
dilutions which were kept frozen for more than 3 years. Figure S1A shows the amplification
results when 1 µL of RNA was used in the Master mix, while Figure S1B shows the result
of using 5 µL of RNA. The Molecular marker (MM) 50 bp GeneRuler™ ladder was used.

Histological analysis of several brain regions of sample LSE9010-15 revealed severe
non-suppurative encephalitis, characterized by moderate to severe perivascular lympho-
plasmacytic infiltrates and moderate gliosis in those locations, consistent with a viral
infection. In Figure 4A, it was observed that DNA amplicons were not obtained in all of the
analyzed brain locations. Instead, faint DNA bands were visible in different regions of the
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brain of this sample, while the strongest band was observed in the hippocampus region,
Figure 4A.
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Figure 4. Evaluation of different brain locations in four equines exhibiting nervous signs. (A), Lane 1:
Negative control (water- no virus), Lane 2—VEEV 7 × 103 PFU/mL, Lane 3 Medulla oblongata, Lane
4—Cerebellum, Lane 5—Basal nuclei, Lane 6—Thalamus, Lane 7—Hippocampus, Lane 8—Occipital
cortex, Lane 9—Frontal colliculi, Lane 10—Spinal cord. (B), Lane 1 negative control (water-no
virus), Lane 2—VEEV 7 × 103 PFU/mL, Lane 3—extraction pool of the hippocampus, spinal cord,
and thalamus tissues from sample LSE9010-15. (C), Lane 2 VEEV 7 × 103 PFU/mL, Lanes 3 to 7
(sample LSE3841-2021), Lanes 8 to 12 LSE1773 (2021) and Lanes 13 to 17 LSE4488 (2020), each Lane
corresponds to the following brain locations, basal nuclei, thalamus, hippocampus, frontal colliculi,
and spinal cord.

In Figure 4B, a distinct band similar to the band produced by the positive control
VEEV 7 × 103 PFU/mL can be observed in Lane 3 of the gel. Lane 3 represents a pool of
frozen tissues extracted from the hippocampus, spinal cord, thalamus, and basal nuclei. It
is important to note that this pooled sample corresponds to the same extraction samples
used in Figure 4A, where DNA amplicons were observed in different brain regions. The
presence of a clear band at the same position as the positive control indicates that the viral
load in this pooled sample is comparable to the limit of detection (LOD) for VEEV using
this specific method.

In Figure 4C, the amplification bands of the four positive equine samples detected in this
study out of the 30 equine samples are shown. A molecular marker (MM) of 50 bp was used
for size determination, and the expected amplicon product at 460 bp is indicated by arrows.

This figure presents the results of three individual brain samples; the LSE3841 sample
(collected in 2021) displayed bands in Lane 3 (basal nuclei location) and Lane 5 (hippocam-
pus). Sample LSE1773 brain (collected 2021) showed a faint band in Lane 10 (hippocampus).
Finally, the brain sample LSE4488 (collected in 2020) exhibited bands in Lane 13 (basal
nuclei), Lane 15 (hippocampus), and Lane 17 (spinal cord). These results indicate the
variable presence of viral RNA in specific brain regions of the positive equine samples,
demonstrating the viral infection in those regions.

Out of the four samples found positive for Alphavirus, only two samples were con-
firmed to be VEEV subtype IE by sequencing. These two samples were isolated in the
northern region of Costa Rica.

One of the positive samples, LSE4488 (ON840547 GenBank ID), exhibited a 98.58%
similarity to the sequence KC344441, which was isolated in Nicaragua in 1968. Additionally,
it displayed a 98.10% of identity to the sequence of sample LSE9010-15 (MK796243) [15],
also amplified in this study with Torii RT-PCR.
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None of the brains collected from bovines exhibiting signs of encephalitis tested
positive for Alphavirus when 5 µL of the extractions were used in the Torii RT-PCR method.

4. Discussion

Three of the RT-PCR nested and semi-nested assays were validated against several
species of the Alphavirus genus [2–4], and the Torii RT-PCR was able to detect a new
Alphavirus species in Zambia named Mwinilunga virus [5]. The Grywna et al. protocol
was validated using 10 Alphaviruses and other RNA viruses. On the other hand, the Pfeffer
et al. protocol was validated using 30 viruses, which included strains from all six VEEV
subtypes. The Sanchez et al. protocol was validated using 12 viruses. Our intention was
not to revalidate these methods but rather to verify and evaluate the performance of the
assay under our specific laboratory conditions to ensure its accuracy and reliability. Factors
such as the design of primers, the selection of target genes, and the conservation of the
amplified regions can all impact the sensitivity and specificity of the assay. Additionally,
variations in equipment, reaction volumes, and reagents used can also affect the assay’s
performance. This thorough evaluation helps to ensure that the assay is suitable for the
intended purpose of detecting Alphavirus in the brain tissue of animals with encephalitis,
providing accurate and reliable results.

It is interesting to note that three of the four Universal RT-PCR assays use the NSP4
gene as a target. In the case of the Grywna test, the limit of detection (LOD) corresponds
to 104 PFU/mL, ranging from 5 to 100 RNA copies per reaction across all Alphavirus
species [9]. Meanwhile, Sanchez’s LOD was 5 × 106 PFU/mL for EEEV in the first RT-PCR
and 5 × 102 PFU/mL in the nested PCR, corresponding to 1 copy per reaction [7]. No LOD
information is available in the Torii manuscript [6]. While the Pfeffer et al. method targeted
the NSP1 gene for its RT-PCR, the LOD was 1.2 × 103 PFU/mL of VEE strain for the first
RT-PCR and 1.2 PFU/mL for the semi-nested PCR [8]. The final reaction volume used in
the comparison of the four Universal RT-PCR was 12.5 µL, while in the Pfeffer protocol, it
was 100 µL, 50 µL in Grywna and Sanchez protocols, and 15 µL in the Torii assay. Of the
RT-PCRs, only the Sanchez protocol shows several unspecific bands when positive control
samples were used. In this nested RT-PCR, the band corresponding to the 195 bp band
in the Chimera EEE/Sinv was confirmed as Sindbis virus by sequencing. Recombinant
Sindbis virus (SINV)/VEEV and SINV/EEEV constructs have been developed to express
the immunogenic structural proteins derived from VEEV or EEEV within the less virulent
SINV backbone, which include the NSPs. We use this chimeric virus because this approach
allowed us to prepare control stocks of the chimeric virus while adhering to the appropriate
biosafety guidelines and minimizing potential risks associated with handling VEEV or
EEEV during their inoculation in Vero cells.

We observed that VEEV did not amplify in all of the brain locations tested. In studies
of Alphavirus replication in mouse brains, histopathological evidence of EEEV damage was
detected in the cortex, hippocampus, and thalamus [16]. Conversely, VEEV viral replication
in the brains of mice was multifocal and localized in association with brain capillaries [17]. In
humans, EEEV produces lesions in the basal ganglia, thalamus, and cerebral cortex, visible
by computed tomography (CT) or magnetic resonance imaging (MRI) [18]. In our study,
we amplified VEEV RNA in the hippocampus, thalamus basal nuclei, and spinal cord of
the equines. We were able to amplify pools of these locations from two positive equines,
demonstrating the possibility of using these pools in VEEV diagnosis. Overall, these findings
highlight the importance of selecting the correct sampling site in the brain for accurate
diagnosis of viral infections. An interesting observation is the presence of nonspecific bands
in the Torii RT-PCR when the brain tissue matrix and host DNA are included in the sample.
This phenomenon can be attributed to the use of degenerate primers in the Torii et al. protocol.
Degenerate primers contain nucleotide positions where multiple possibilities are allowed,
increasing the chances of binding to nonspecific DNA sequences.

Despite the seropositive cases of VEEV in Costa Rica ranging from approximately 23%
to 36% [10,11], only four out of the 30 equine brains evaluated in this study showed amplifi-
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cation for Alphavirus. Furthermore, only two samples could be sequenced and confirmed
as VEEV subtype IE due to the low viral load observed in the other two samples. The
challenges of detecting RNA are due to its susceptibility to degradation by multiple freeze
and thaw cycles or RNase enzymes present in the tissue. To address this, the volume of
RNA extraction was increased to 5 µL in the RT-PCR. Alphaviruses can be diagnosed not
only in tissues but also in blood, although viremia is generally detected in blood for only
3 to 6 days after infection [19]. We kept positive controls frozen for more than 3 years without
significant loss of viral load. This is a valuable finding, indicating the stability of the viral
material under the storage conditions used. However, it is important to note that despite
this stability, the level of viral DNA amplification in some of the brain samples was very low.
Several factors could potentially contribute to the poor amplification levels observed in certain
brain samples. Despite stable viral load in positive controls, the brain samples might have
experienced some degradation of viral genetic material during long-term storage. Factors
like temperature fluctuations, repeated freeze-thaw cycles, and extended storage duration
could contribute to DNA degradation. Brain tissues can contain substances that inhibit the
PCR reaction, interfering with the amplification process and leading to poor results. A study
used the detection of canine distemper virus (CDV) as an internal control to evaluate the
extraction method, RNA degradation, and the presence of PCR inhibitors in bovine brain
samples. CDV was detected in all the extracted samples when it was spiked directly into the
extraction process but not in all the samples when CDV was spiked directly into the brain
tissue sample before RNA extraction, possibly due to rapid CDV and RNA degradation in the
brain tissue matrix [20]. The autophagy process, which is used by cells to maintain cellular
health and homeostasis, may also contribute to the failure of viral RNA detection in tissue
samples [21]. Another possible reason could be a low viral load, making it challenging to
detect and amplify the viral DNA, especially if the PCR method used has a higher limit of
detection. It is also possible that these samples were negative for Alphavirus, and another
cause is responsible for producing the clinical signs.

We demonstrate that the Torii RT-PCR is well-suited for use in our laboratory con-
ditions, with our reagents (master mix reaction volume, extraction methods), equipment
(different thermocyclers, micropipettes), and workflow (one or two RT-PCR steps, different
brain locations), it was also inexpensive, faster, sensitive, and specific in comparison with
the nested RT-PCRs in the same conditions. It appears that the most suitable tissues for
VEEV diagnosis in equines are the hippocampus, basal nuclei, and spinal cord. These
specific tissue samples have shown positive amplification of VEEV RNA in our study,
indicating their potential for accurate diagnosis of VEEV infection in equines. Finally,
we were able to sequence two samples; according to the Basic Local Alignment Search
Tool Blast [6] (National Institute of Health, Bethesda, MD, USA), both viruses belong to
the VEEV subtype IE confirming the endemicity of this subtype at least in the northern
provinces of Costa Rica. The presence of this virus highlights the importance of ongoing
surveillance and understanding of these viruses to implement effective disease control
measures under the one health protocol.
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Author Contributions: Conceptualization, B.L.; methodology, B.L. and J.E.-M.; formal analysis, B.L.
and J.E.-M.; investigation, B.L.; writing—original draft preparation, B.L.; writing—review and editing,
B.L. and J.E.-M.; supervision, C.J.; funding acquisition, C.J. All authors have read and agreed to the
published version of the manuscript.

https://www.mdpi.com/article/10.3390/zoonoticdis3030018/s1
https://www.mdpi.com/article/10.3390/zoonoticdis3030018/s1


Zoonotic Dis. 2023, 3 224

Funding: Consejo Nacional de Rectores (agreement-VI-177-2012, and agreement-VI-270-2017),
University-government cooperation Ministerio de Planificación- Consejo Nacional de Rectores 2017,
and PROMOTORA COSTARRICENSE DE INNOVACIÓN E INVESTIGACIÓN, Contrato de Incen-
tivos N◦ FI-231B-17.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data availability under request.

Acknowledgments: Sandra Sandra López Vergès, Dpt. of Research in Virology and Biotechnology
Gorgas Memorial Research Institute for Health Studies, Panama, and Heidi Wood (Chief, Zoonotic
Diseases and Special Pathogens Division), Kai Makowski, at National Microbiology Laboratory,
Public Health Agency of Canada/Government of Canada, for supplying positive Alphavirus controls
which allow this study, Gabriel Gonzalez and Arturo Molina for reviewing the manuscript, and
especially, Tracy L Sturgill, for also reviewing the manuscript and for her comments.

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

References
1. Cardozo, F.; Konigheim, B.; Albrieu-Llinás, G.; Rivarola, M.E.; Aguilar, J.; Rojas, A.; Quaglia, A.I.; Paez, M.; Guillén, Y.;

Diaz, A.; et al. Alphaviruses: Serological Evidence of Human Infection in Paraguay (2012–2013). Vector-Borne Zoonotic Dis. 2018,
18, 266–272. [CrossRef] [PubMed]

2. Weaver, S.C.; Ferro, C.; Barrera, R.; Boshell, J.; Navarro, J.-C. Venezuelan Equine Encephalitis. Annu. Rev. Entomol. 2004, 49,
141–174. [CrossRef] [PubMed]

3. Klapper, P.E.; Jungkind, D.L.; Fenner, T.; Antinozzi, R.; Schirm, J.; Blanckmeister, C. Multicenter International Work Flow Study of
an Automated Polymerase Chain Reaction Instrument. Clin. Chem. 1998, 44, 1737–1739. [CrossRef]

4. Kuno, G. Universal Diagnostic RT-PCR Protocol for Arboviruses. J. Virol. Methods 1998, 72, 27–41. [CrossRef]
5. Mira, F.; Rubio-Guerri, C.; Purpari, G.; Puleio, R.; Caracappa, G.; Gucciardi, F.; Russotto, L.; Loria, G.R.; Guercio, A. Circulation

of a Novel Strain of Dolphin Morbillivirus (DMV) in Stranded Cetaceans in the Mediterranean Sea. Sci. Rep. 2019, 9, 9792.
[CrossRef] [PubMed]

6. Torii, S.; Orba, Y.; Hang’ombe, B.M.; Mweene, A.S.; Wada, Y.; Anindita, P.D.; Phongphaew, W.; Qiu, Y.; Kajihara, M.;
Mori-Kajihara, A.; et al. Discovery of Mwinilunga Alphavirus: A Novel Alphavirus in Culex Mosquitoes in Zambia. Virus Res.
2018, 250, 31–36. [CrossRef]

7. Sánchez-Seco, M.P.; Rosario, D.; Quiroz, E.; Guzmán, G.; Tenorio, A. A Generic Nested-RT-PCR Followed by Sequencing for
Detection and Identification of Members of the Alphavirus Genus. J. Virol. Methods 2001, 95, 153–161. [CrossRef]

8. Pfeffer, M.; Proebster, B.; Kinney, R.M.; Kaaden, O.R. Genus-Specific Detection of Alphaviruses by a Semi-Nested Reverse
Transcription-Polymerase Chain Reaction. Am. J. Trop. Med. Hyg. 1997, 57, 709–718. [CrossRef]

9. Grywna, K.; Kupfer, B.; Panning, M.; Drexler, J.F.; Emmerich, P.; Drosten, C.; Kummerer, B.M. Detection of All Species of the
Genus Alphavirus by Reverse Transcription-PCR with Diagnostic Sensitivity. J. Clin. Microbiol. 2010, 48, 3386–3387. [CrossRef]

10. León, B.; Käsbohrer, A.; Hutter, S.E.; Baldi, M.; Firth, C.L.; Romero-Zúñiga, J.J.; Jiménez, C. National Seroprevalence and Risk
Factors for Eastern Equine Encephalitis and Venezuelan Equine Encephalitis in Costa Rica. J. Equine Vet. Sci. 2020, 92, 103140.
[CrossRef]

11. Fuentes, L.G. Estudio Serológico de Arbovirus Grupo A En Equinos de Costa Rica. Rev. Latinoam. Microbiol. 1973, 15, 95–98.
12. Aguilar, P.V.; Estrada-Franco, J.G.; Navarro-Lopez, R.; Ferro, C.; Haddow, A.D.; Weaver, S.C. Endemic Venezuelan Equine

Encephalitis in the Americas: Hidden under the Dengue Umbrella. Future Virol. 2011, 6, 721–740. [CrossRef]
13. Jiménez, C.; Romero, M.; Piche, M.; Baldi, M.; Alfaro, A.; Chaves, A.; Morales, J.; León, B.; Hutter, S. Arboviral Encephalitis in

Costa Rican Horses: 2009–2016. Int. J. Infect. Dis. 2016, 53, 153. [CrossRef]
14. Johnson, B.W.; Kosoy, O.; Wang, E.; Delorey, M.; Russell, B.; Bowen, R.A.; Weaver, S.C. Use of Sindbis/Eastern Equine Encephalitis

Chimeric Viruses in Plaque Reduction Neutralization Tests for Arboviral Disease Diagnostics. Clin. Vaccine Immunol. 2011, 18,
1486–1491. [CrossRef]

15. León, B.; Jiménez, C.; González, R.; Ramirez-Carvajal, L. First Complete Coding Sequence of a Venezuelan Equine Encephalitis
Virus Strain Isolated from an Equine Encephalitis Case in Costa Rica. Microbiol. Resour. Announc. 2019, 8, e00672-19. [CrossRef]

16. Phelps, A.L.; O’Brien, L.M.; Eastaugh, L.S.; Davies, C.; Lever, M.S.; Ennis, J.; Zeitlin, L.; Nunez, A.; Ulaeto, D.O. Aerosol Infection
of Balb/c Mice with Eastern Equine Encephalitis Virus; Susceptibility and Lethality. Virol. J. 2019, 16, 2. [CrossRef] [PubMed]

17. Schafer, A.; Brooke, C.B.; Whitmore, A.C.; Johnston, R.E. The Role of the Blood-Brain Barrier during Venezuelan Equine
Encephalitis Virus Infection. J. Virol. 2011, 85, 10682–10690. [CrossRef]

18. Albe, J.R.; Ma, H.; Gilliland, T.H.; McMillen, C.M.; Gardner, C.L.; Boyles, D.A.; Cottle, E.L.; Dunn, M.D.; Lundy, J.D.;
O’Malley, K.J.; et al. Physiological and Immunological Changes in the Brain Associated with Lethal Eastern Equine Encephalitis
Virus in Macaques. PLoS Pathog. 2021, 17, e1009308. [CrossRef] [PubMed]

https://doi.org/10.1089/vbz.2017.2178
https://www.ncbi.nlm.nih.gov/pubmed/29652644
https://doi.org/10.1146/annurev.ento.49.061802.123422
https://www.ncbi.nlm.nih.gov/pubmed/14651460
https://doi.org/10.1093/clinchem/44.8.1737
https://doi.org/10.1016/S0166-0934(98)00003-2
https://doi.org/10.1038/s41598-019-46096-w
https://www.ncbi.nlm.nih.gov/pubmed/31278350
https://doi.org/10.1016/j.virusres.2018.04.005
https://doi.org/10.1016/S0166-0934(01)00306-8
https://doi.org/10.4269/ajtmh.1997.57.709
https://doi.org/10.1128/JCM.00317-10
https://doi.org/10.1016/j.jevs.2020.103140
https://doi.org/10.2217/fvl.11.50
https://doi.org/10.1016/j.ijid.2016.11.375
https://doi.org/10.1128/CVI.05129-11
https://doi.org/10.1128/MRA.00672-19
https://doi.org/10.1186/s12985-018-1103-7
https://www.ncbi.nlm.nih.gov/pubmed/30611287
https://doi.org/10.1128/JVI.05032-11
https://doi.org/10.1371/journal.ppat.1009308
https://www.ncbi.nlm.nih.gov/pubmed/33534855


Zoonotic Dis. 2023, 3 225

19. Wang, E.; Paessler, S.; Aguilar, P.V.; Carrara, A.S.; Ni, K.; Greene, I.P.; Weaver, S.C. Reverse Transcription-PCR-Enzyme-Linked
Immunosorbent Assay for Rapid Detection and Differentiation of Alphavirus Infections. J. Clin. Microbiol. 2006, 44, 4000–4008.
[CrossRef]

20. Lüthi, R.; Boujon, C.L.; Kauer, R.; Koch, M.C.; Bouzalas, I.G.; Seuberlich, T. Accurate and Precise Real-Time RT-PCR Assays for
the Identification of Astrovirus Associated Encephalitis in Cattle. Sci. Rep. 2018, 8, 9215. [CrossRef]

21. Choi, Y.; Bowman, J.W.; Jung, J.U. Autophagy during Viral Infection—A Double-Edged Sword. Nat. Rev. Microbiol. 2018, 16,
341–354. [CrossRef] [PubMed]

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/10.1128/JCM.00175-06
https://doi.org/10.1038/s41598-018-27533-8
https://doi.org/10.1038/s41579-018-0003-6
https://www.ncbi.nlm.nih.gov/pubmed/29556036

	Introduction 
	Materials and Methods 
	Results 
	Phase I Universal Two-Step RT-PCR Format 
	Phase II Universal One-Step RT-PCR Format 
	Brain Tissue Samples 

	Discussion 
	References

