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Abstract

Wastewater-based epidemiology (WBE) allows for early surveillance of viral pathogens,
including SARS-CoV-2. Simplified low-cost approaches are needed to deploy WBE surveil-
lance in resource-limited small-island settings, where high sensitivity must be maintained.
In this study, we optimized key upstream steps in an electronegative membrane virus
adsorption—elution (VIRADEL) workflow, including sample acidification, composite sam-
pling duration, and RT-qPCR inhibition mitigation. Wastewater influent was sampled
at a pump station in Grenada using 12 h and 24 h time-weighted composite samples,
concentrated using electronegative membrane VIRADEL with and without sample acidifi-
cation (pH 3.5), and used Phi 6 (enveloped virus) and MS2 (non-enveloped virus) bacterio-
phages as process controls and PMMoV as a fecal-derived normalization target. Targets
for SARS-CoV-2 N1 and a non-enveloped virus surrogate were measured by RT-qPCR.
Quantitative wastewater data were compared to reported clinical cases in the community.
Sample acidification significantly increased recovery of the enveloped process control,
Phi 6 (p < 0.01) indicating improved efficiency in capturing enveloped viral targets during
filtration. Twelve-hour composite samples had a false-negative percentage of 88%, while
24 h samples had only 6% false negatives and were able to mirror clinical case trends.
Wastewater viral signals were detected 3-5 days prior to an increase in clinical cases. Hy-
draulic travel time within the contributing sewer network was not directly measured;
therefore, the reported 3-5 day lead time reflects the combined effect of shedding dynamics,
sampling integration, and sewer transport. This optimized workflow was deployed for
nine months showing sustained analytical performance and operational feasibility.
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1. Introduction

Wastewater-based epidemiology (WBE) has rapidly become a valuable surveillance
tool for the detection and tracking of viral pathogens, including SARS-CoV-2. By enabling
the monitoring of spatial and temporal fluctuations in viral RNA within wastewater,
WBE provides an unbiased estimate of community-level infection dynamics and serves
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as an early-warning mechanism for emerging outbreaks, especially where asymptomatic
infection and testing limitations hinder clinical surveillance [1-3].

Coronaviruses, notably SARS-CoV-1, MERS-CoV, and SARS-CoV-2, are zoonotic
agents responsible for major respiratory and enteric disease outbreaks in humans since 2002.
SARS-CoV-2, the causative agent of COVID-19, is shed in high quantities in respiratory
secretions, feces, and, to a lesser extent, urine by both symptomatic and asymptomatic
individuals. Although excretion of biological factors in feces is variable and not universal,
SARS-CoV-2 RNA is detectable in wastewater globally due to combined contributions from
feces, respiratory secretions, and other routes [3-19].

Early WBE studies demonstrated that SARS-CoV-2 RNA signals frequently anticipate
increases in clinically reported case counts; the first detection in the Netherlands corre-
sponded with the nation’s initial clinical case, with similar findings from France, Italy,
Japan, Australia, and North America [9,10,20-23]. Time series comparisons indicate that
viral RNA concentrations in wastewater are highly correlated with community infection
trends [12,21,22], underscoring the epidemiological value of WBE as an early indicator.
Wastewater surveillance is particularly crucial for regions with constrained clinical testing
infrastructure or limited testing coverage of cases, including resource-limited and small-
island contexts, defined here as settings characterized by limited access to specialized
instrumentation, variable reagent availability, small technical teams, and decentralized
wastewater infrastructure requiring adaptable, low-cost workflows [1-3,24]. To support
broader public health objectives, more than 2000 sampling sites across at least 53 countries
have implemented WBE for SARS-CoV-2 surveillance, spurring ongoing research to har-
monize sampling, viral concentration, detection, and quantification protocols [11]. Yet,
there remain significant challenges: Methods originally designed for non-enveloped enteric
viruses may not recover enveloped viruses like SARS-CoV-2 efficiently, and site-specific
adaptations are essential for robust detection, especially in decentralized wastewater in-
frastructure common in the Caribbean and low-resource settings [13-18].

We aimed to implement and validate a simple, inexpensive, scalable virus adsorption—
elution (VIRADEL)-based workflow for SARS-CoV-2 wastewater surveillance in a small-
island resource-constrained setting, through the optimization of select upstream steps
(acidification of samples, composite sampling period, elution chemistry) and the evaluation
of their effect on recovery, sensitivity, and concordance with clinical case data.

2. Materials and Methods
2.1. Virus and Bacteriophage Propagation

Phi 6 and MS2 bacteriophages were propagated via standard plaque assay protocols
(Supplement S1).

2.2. Study Design and Wastewater Sampling

The pilot study was conducted in a community in Grenada to inform an optimized
approach for SARS-CoV-2 wastewater surveillance under low-resource conditions. Raw
influent wastewater was sampled from an influent pump station upstream of any treatment
or influent storage using an ISCO 3710 autosampler (Teledyne ISCO, Lincoln, NE, USA).
The influent pump station receives predominantly domestic wastewater from a small,
discrete catchment typical of decentralized systems in small-island settings. Industrial
inputs were not a feature of this catchment. Because upstream sewer travel time and
in-network retention can influence apparent lead time between wastewater signal and
reported clinical data, hydraulic travel /retention time was not directly measured and is
considered in the interpretation of lead time results. Time-weighted composite samples
were collected using two sampling strategies: (1) 24 h composites consisting of forty-eight
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150 mL aliquots collected at 30 min intervals, and (2) 12 h composites consisting of twenty-
four 200 mL aliquots collected at 30 min intervals. The 12 h and 24 h composite strategies
were evaluated in separate pilot phases (as described in Results) and were not collected as
paired 12 h and 24 h composites on the same days. Comparisons are therefore focused on
detection performance (e.g., false-negative frequency) rather than paired inference.

Twenty composite samples were collected overall. Samples were transported on ice
to the laboratory, where temperature and pH were recorded. Samples were processed
immediately or stored at 4 °C for <24 h prior to concentration.

2.3. Viral Surrogates and Fecal Normalization Marker

Two viral surrogates and an internal fecal marker were utilized to assess recovery
during the concentration, extraction, and amplification stages. Phi 6 (Pseudomonas phage),
an enveloped dsRNA bacteriophage, was used as a process control for SARS-CoV-2 [25];
MS?2 (coliphage), a non-enveloped RNA bacteriophage, was used as a non-enveloped virus
process control [26]; and pepper mild mottle virus (PMMoV), an abundant human fecal
RNA virus, was used as a fecal strength normalization marker [27]. PMMoV normalization
was used to account for variation in fecal load and wastewater strength, which may reflect
changes in contributing population size during the study period. Known quantities of Phi 6
and MS2 were spiked into 50 mL aliquots of wastewater prior to concentration. Phi 6 and
MS2 were used for benchmark method recovery as enveloped and non-enveloped process
controls, respectively; they are not assumed to be identical to SARS-CoV-2. PMMoV was
used only to normalize fecal strength and matrix variability.

2.4. Virus Concentration by Electronegative Membrane Adsorption—Elution (VIRADEL)

Primary concentration (membrane adsorption): For each sample, 50 mL of wastewater
was spiked with Phi 6 and MS2 (final concentration 1 x 10° PFU/mL each) and concentrated
using an electronegative membrane adsorption—elution protocol. Two filtration conditions
were evaluated. In the non-acidified condition, samples were filtered directly through
a 0.45 pm, 47 mm electronegative membrane. In the acidified condition, samples were
adjusted to pH 3.5 with 2N HCI prior to filtration and then passed through a 0.45 um,
47 mm electronegative membrane, as described above. Acidification to pH 3—4 is commonly
used in electronegative membrane workflows to reduce electrostatic repulsion and enhance
the adsorption of viral particles, particularly enveloped viruses, thereby improving recovery
following elution [28-30].

Elution from membranes (secondary concentration): Following membrane filtration,
two elution approaches were evaluated. In Method 1.1 (TRIS-EDTA-NaCl + BME elu-
tion), membranes were transferred to 2 mL bead-beating tubes containing garnet beads,
1000 puL TRIS-EDTA-NaCl buffer, and 10 uL 3-mercaptoethanol (BME); tubes were inter-
mittently vortexed and incubated at room temperature for 90 min. In Method 1.2 (beef
extract—glycine elution), membranes were placed in a bottle-top vacuum filter system and
eluted with a beef extract-glycine solution (3% [w/v] beef extract in 0.05 M glycine, pH 9.0).

2.5. RNA Extraction

RNA was extracted using a modified TRIzol phenol-chloroform protocol adapted
from the TRIzol Plus RNA Purification Kit (Thermo Fisher Scientific, Waltham, MA, USA)
(Supplement S2). RNA extracts were stored at —20 °C until analysis.

2.6. RT-gPCR Assays and Quantification

RT-gPCR was performed in 20 uL reactions using TagqMan Fast Virus 1-Step Master
Mix on an Agilent AriaMx Real-Time PCR System with targets for SARS-CoV-2 N1 [31],
E_Sarbeco [32], Phi 6 [33], MS2 [34], and PMMoV [35]. The CDC N1 assay was selected
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as a primary SARS-CoV-2 target because of its high analytical sensitivity, widespread use
in wastewater surveillance, and strong performance in low-concentration environmental
matrices. To strengthen target robustness and reduce reliance on a single SARS-CoV-2 locus,
we included E_Sarbeco as a secondary SARS-CoV-2 target alongside N1. This dual-target
approach supports the confirmation of detection patterns in the event of target-specific
effects observed in environmental matrices (e.g., inhibition or very high target abundance
affecting amplification dynamics). Primer-probe sequences and assay design details are
provided in Supplementary Table S1. Reaction composition and thermal cycling parameters
are summarized below, with full details available in Supplementary Tables S2 and S3.
Briefly, reactions contained master mix, target-specific primers and probes, RNA template,
and assay-specific additives (e.g., BSA/DMSO or MgCl, where applicable). Thermal cycling
consisted of a reverse transcription step at 50 °C, enzyme activation at 95 °C, followed
by 42 amplification cycles with denaturation at 95 °C and annealing/extension at 55 °C.
Positive controls included synthetic gBlock DNA constructs for E_Sarbeco, PMMoV, MS2,
and Phi6 (Integrated DNA Technologies) containing non-viral spacer segments positioned
between target regions to enhance construct stability and prevent unintended amplification
interactions; complete sequences are provided in Supplementary Materials (Supplement S3).
A cycle threshold (Ct) value < 40 was considered positive, per CDC guidance [31].
Wastewater results were compared with concurrent clinical SARS-CoV-2 diagnostic test-
ing. Clinical case counts were obtained from a temporary community diagnostic center estab-
lished during the public health emergency, defined as PCR- or antigen-confirmed SARS-CoV-
2-positive tests reported on the date of specimen collection within the catchment population.

2.7. PCR Inhibition Mitigation

An inhibition mitigation experiment study was used to evaluate the effects of PCR addi-
tives dimethyl sulfoxide (DMSO, 0.05%) and bovine serum albumin (BSA, 2 mg/mL) [36-38]
in reactions containing Phi 6/MS2-spiked wastewater and nuclease-free water. Differences
in recovery of Phi 6/MS2 between acidified and non-acidified VIRADEL workflows were
also evaluated using Student’s ¢-tests (« = 0.05).

2.8. Longitudinal Surveillance Implementation

This subsection describes how the optimized workflow from the pilot optimization
was transitioned into routine surveillance operations for feasibility assessment over nine
months. The surveillance program was conducted using 24 h composite sampling and the
optimized VIRADEL workflow incorporating HCI acidification to pH 3.5, electronegative
membrane filtration, and DMSO-based PCR enhancement. Selection of this workflow was
also supported by improved Phi 6 recovery normalized to PMMoV (mean ACt (Phi6)/ACt
(PMMoV) ratio 0.75 = 0.08 for acidified samples vs. 0.86 = 0.06 for non-acidified samples;
p =0.04).

2.9. Wastewater—Clinical Trend Comparison and Lead Time Analysis

To explore temporal relationships between wastewater SARS-CoV-2 concentrations
and reported clinical cases, daily wastewater concentrations (logl0 genome copies/L)
and clinical case counts were aligned to a common daily time base. The two time series
datasets (wastewater concentrations and clinical case counts) were smoothed using a 7-day
rolling average, and days where both measures were zero were removed. Lead time was
defined as the interval between sustained increases (or peaks) in wastewater signal and
the corresponding increases (or peaks) in clinical case counts. The analysis was designed
to assess temporal concordance and lead-lag relationships between datasets and was
not intended to estimate absolute infection prevalence from wastewater concentrations.
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Time series processing and visualization were performed in R (version 4.x) using the
tidyverse suite [39].

2.10. Statistical Analysis

Analyses were two-sided and statistical significance was set at « = 0.05. Viral recov-
ery efficiency was assessed using Ct-based metrics normalized to PMMoV ACt (Phi6 or
MS2)/ACt (PMMoV) ratio. Differences in viral recovery were assessed among concentra-
tion/elution workflows using one-way analysis of variance (ANOVA) followed by Tukey’s
post hoc multiple comparisons test (Figures 1 and 2). Pairwise comparisons between work-
flows were evaluated using Student’s t-tests (e.g., acidified vs. non-acidified workflows;
PCR additive vs. no additive). Wastewater—clinical trend analyses were performed by
first aligning daily SARS-CoV-2 concentrations (log10 genome copies/L) and clinical case
counts on a common time scale, smoothing values using a 7-day rolling window average,
and calculating lagged Spearman rank correlations over a +14-day window to determine
the magnitude of lead time. Analyses were performed using R software (version 4.x) [39].
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Figure 1. Recovery of enveloped (Phi 6) and non-enveloped (MS2) viral surrogates using HCI-
acidified VIRADEL. Ct reduction is expressed as the difference in the ACt (Phi6 or MS2)/ACt
(PMMoV) ratio between treated samples and the corresponding untreated control.
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Figure 2. Post hoc Tukey’s multiple comparisons test for HCI acidification using Method 1.2 and
Method 1.1. Statistical differences at a 95% confidence level are indicated by different letters. (A) En-
veloped; (B) Non-enveloped.
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3. Results
3.1. Acidification and Elution Strategy Jointly Drive VIRADEL Recovery

Ct reduction analysis using the ACt (Phi6 or MS2)/ACt (PMMoV) ratio (acidified
workflow minus non-acidified workflow) showed significantly higher recovery of Phi 6
and MS2 from wastewater samples treated by acidified VIRADEL (pH 3.5) and eluted using
the TRIS-EDTA /NaCl/BME method (Method 1.1) compared with the non-acidified controls
(Figure 1). In contrast, the beef extract—glycine elution method (Method 1.2) improved
recovery only of the non-enveloped surrogate. One-way ANOVA followed by Tukey’s
post hoc test confirmed significant differences among methods (p < 0.05), with Method 1.1
providing the highest recovery of the enveloped surrogate (Figure 2). On the basis of these
results, acidified VIRADEL coupled with TRIS-EDTA /NaCl/BME elution was selected as
the primary concentration method for the subsequent surveillance.

Following evaluation of concentration and elution strategies, the effect of PCR addi-
tives was assessed as a downstream optimization step. Both DMSO and BSA produced
small, non-significant reductions in Ct values for Phi 6 and MS2 (Supplement S4). Although
the magnitude of improvement was limited, DMSO showed a consistent directional effect
and negligible operational cost and was therefore retained in the workflow.

3.2. Comparison of 12 h and 24 h Composite Sampling

During the 12 h composite evaluation, which was conducted over 16 sampling days
(3 August—2 September), SARS-CoV-2 RNA was detected in only 2 of the 16 sampling events
(12.5%), despite all 16 days (100%) having at least one clinically confirmed COVID-19 case
(Figure 3). Consequently, 14 of the 16 days represented false-negative wastewater results,
corresponding to a false-negative rate of 88% (14/16).
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Figure 3. Surveillance trends for wastewater samples expressed as log10_viral load compared to the
trends of clinical positive samples.

In contrast, during the 24 h composite evaluation (after 2 September), SARS-CoV-2
RNA was detected in 22 of the 50 sampling days (44%), while 12 of the 50 days (24%) had
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clinically confirmed cases. False-negative wastewater results decreased markedly, with
only 3 of the 50 days (6%) showing clinical case positivity without detectable SARS-CoV-2
RNA in the wastewater.

Because the 12 h and 24 h strategies were evaluated over different durations and
sample counts, comparisons emphasize detection performance and false-negative frequency
rather than paired statistical inference.

3.3. Wastewater—Clinical Trend Alignment and Lead Time

Visual inspection and lagged Spearman correlation analysis (£14 days) indicated
that the relationship between wastewater viral loads and clinical case counts varied
across the full time series, necessitating windowed, event-based lead time estimation.
Two epidemiologically distinct waves were identified during the 24 h sampling period
(7 September 2021-13 April 2022), defined by consecutive increases in 7-day-smoothed
clinical positives above baseline. Seven-day-smoothed wastewater SARS-CoV-2 N1 con-
centrations (log10 genome copies/L) increased approximately 3-5 days before increases
in seven-day-smoothed counts of laboratory-confirmed SARS-CoV-2 positive tests, a pat-
tern observed during both the fall 2021 and January 2022 waves. Averaged across both
waves, wastewater concentrations preceded clinical detections by approximately five days.
Longitudinal wastewater and clinical trends across the surveillance period are shown
in Figure 3.

4. Discussion

In this study, we implemented and optimized an electronegative membrane virus
adsorption—elution (VIRADEL) workflow for SARS-CoV-2 wastewater surveillance, focus-
ing on steps that most strongly influence SARS-CoV-2 detectability in resource-limited
settings. Here, “decentralized” refers to wastewater infrastructure characterized by smaller,
discrete catchments and pump station sampling points rather than a single centralized
treatment plant with a large, well-characterized sewer shed. We show that upstream
choices, particularly sample acidification and 24 h composite sampling, substantially re-
duce non-detects and improve alignment between wastewater SARS-CoV-2 N1 signals and
laboratory-confirmed SARS-CoV-2 positive tests, while RT-qPCR additives provide only a
marginal incremental benefit.

4.1. Acidification and Elution Strategy Control Recovery of Enveloped Viruses

The data in this study show that recovery of the enveloped surrogate Phi 6, and to a
lesser extent the non-enveloped surrogate MS2, was strongly influenced by the interaction
between acidification and elution strategy. Because SARS-CoV-2 is an enveloped virus,
improved recovery of the enveloped process control under acidified filtration conditions
supports enhanced recovery of SARS-CoV-2 targets within this workflow. Method 1.1,
which acidified samples to pH 3.5 and used TRIS-EDTA/NaCl/BME for elution, pro-
duced significantly higher recovery than the non-acidified control and outperformed the
beef extract-glycine method, which provided a benefit primarily for the non-enveloped
surrogate virus. These findings are consistent with previous studies comparing sample
concentration approaches [18,40,41].

This behavior is well-aligned with the known physicochemical properties of enveloped
viruses, which adsorb inefficiently to electronegative membranes at neutral pH [25,28,29].
Lowering the pH to acidic conditions reduces electrostatic repulsion and allows virus—
membrane interactions to dominate during filtration, thereby improving downstream
recovery, as would be predicted by adsorption theory [30]. Critically, this effect was
observed using real wastewater from a tropical, decentralized wastewater system with
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very high organic load, extending laboratory and temperate-system observations from
earlier work [16,40]. Because this optimization can be achieved using relatively inexpensive
reagents and minimal modifications to laboratory workflow, it represents a practical and
scalable intervention for laboratories under resource constraints.

4.2. PCR Additives Provide Only Limited Incremental Benefit

In contrast to the substantial effects of acidification and elution strategy, the use of
PCR additives (DMSO and BSA) produced only small, non-significant improvements in Ct
values for Phi 6 and MS2. This observation is consistent with previous reports showing that
PCR additives provide only modest mitigation of inhibition in complex environmental ma-
trices [36]. Together, these findings suggest that, within this workflow, upstream decisions
related to adsorption, elution, and sampling integration exert a much greater influence on
overall analytical sensitivity than downstream additive-based inhibition mitigation. DMSO
was operationally retained because it demonstrated a consistent (albeit non-significant)
directional effect and did not materially increase cost or procedural complexity; however,
the data indicate that it is not a primary driver of surveillance performance for SARS-CoV-2
detection in this matrix.

4.3. Composite Sampling Duration Is the Dominant Driver of Surveillance Sensitivity

The most consequential operational insight of this study is the outsized effect of
composite sampling duration on surveillance sensitivity and timeliness. Twelve-hour com-
posite sampling produced a false-negative rate of 88% despite ongoing clinical transmission,
whereas 24 h composite sampling reduced the false-negative rate to 6% and produced
wastewater trends that closely matched clinical case data.

This effect is almost certainly the result of a combination of diurnal variability in
wastewater flow, intermittent viral shedding in a small population, and stochastic pro-
cesses near the limit of detection. In a small catchment such as the pump station here,
even short composite windows can easily miss viral shedding events entirely. Composite
windows of 24 h and longer integrate over multiple daily cycles of activity, substantially
increasing the probability of capturing viral signals. Extended composite sampling has
been reported to produce a similar effect in larger, municipal systems [8,22,42—44], but this
study demonstrates that it is even more important in small, decentralized systems typical
of small-island settings.

4.4. Wastewater Provides a Consistent Early-Warning Signal

Under the optimized workflow and with 24 h composite sampling, SARS-CoV-2
signals in wastewater consistently preceded increases in clinical cases by approximately
3-5 days across two epidemiological waves. This lead time is consistent with observa-
tions from large-scale surveillance systems in other settings [21,45,46], and confirms that
wastewater-based epidemiology can be used as an early-warning tool even in small, de-
centralized communities. In resource-limited settings with limited or no access to clinical
testing, such lead times open windows for proactive public health response. Importantly,
wastewater SARS-CoV-2 RNA concentrations were not interpreted as a direct proxy for
the absolute number of infected individuals. Viral loads in wastewater are influenced by
variability in shedding, dilution, hydraulic flow, catchment characteristics, and sampling
design; therefore, the analyses presented here focus on temporal association and lead-lag
relationships rather than reconstruction of exact infection prevalence.

4.5. Sustained Operational Feasibility in a Low-Resource Setting

Under the optimized workflow with 24 h composite sampling, increases in seven-day-
smoothed wastewater SARS-CoV-2 N1 concentrations consistently preceded increases in

https://doi.org/10.3390/covid6030035


https://doi.org/10.3390/covid6030035

COVID 2026, 6, 35

9of 12

seven-day-smoothed counts of laboratory-confirmed clinical positives by approximately
3-5 days across two epidemiological waves. This lead time aligns with observations
from large-scale surveillance systems in other settings [21,45,46] and supports the use of
wastewater-based epidemiology as an early-warning tool even in small, decentralized
communities. In resource-limited environments with limited access to clinical testing,
such lead times may provide valuable windows for proactive public health response.
Importantly, wastewater SARS-CoV-2 RNA concentrations were not interpreted as a direct
proxy for the absolute number of infected individuals.

Building on this early-warning capability, a key practical insight from this study is the
sustained nine-month implementation of the optimized workflow under real-world practi-
cal conditions. The workflow was maintained despite staffing limitations, supply-chain
disruptions, and decentralized infrastructure typical of small-island settings. Consistent
achievement of same-day (<12 h) turnaround from sample collection to reporting demon-
strates that the approach is not only analytically robust but also operationally sustainable
under resource-constrained conditions. This real-world performance supports prior demon-
strations of wastewater surveillance feasibility at larger scales [12,47,48] and extends those
findings to a small-island, resource-limited context.

4.6. Implications for Pathogen-Agnostic Wastewater Surveillance

Because the optimized workflow was effective in recovering both enveloped (Phi 6)
and non-enveloped (MS2) viruses, it is likely that the same principles, especially acidifica-
tion, appropriate elution chemistry, and extended composite sampling, will also improve
surveillance of other pathogens, including influenza, RSV, norovirus, hepatitis A, and
emerging viral threats, as well as targets for antimicrobial resistance surveillance [48,49].
The successful sustained operation by a small team further supports the feasibility and
scalability of pathogen-agnostic wastewater-based epidemiology in small-island and low-
resource settings.

5. Conclusions

The integration of acidified electronegative membrane VIRADEL (pH 3.5) with
24 h composite sampling improved recovery of the enveloped process control and reduced
false-negative SARS-CoV-2 detections in wastewater. Under the optimized workflow,
wastewater SARS-CoV-2 N1 concentration trends aligned with, and preceded, laboratory-
confirmed SARS-CoV-2 positives by approximately 3-5 days, supporting use as an early-
warning complement to clinical surveillance in decentralized, resource-limited settings.
These conclusions emphasize trend concordance and lead time rather than direct conversion
of wastewater copies to exact case counts.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/covid6030035/s1. Phi 6 and MS2 bacteriophages were propagated
via standard plaque assay protocols (Supplement S1); RNA was extracted using a modified TRIzol
phenol—chloroform protocol adapted from the TRIzol Plus RNA Purification Kit (Thermo Fisher
Scientific, Waltham, MA, USA) (Supplement S2); gBlock DNA constructs (Supplement S3); and
Both DMSO and BSA produced small, non-significant reductions in Ct values for Phi 6 and MS2
(Supplement S4). Gene target sequences used in this study (Table S1); RT-PCR reactions for each
assay (Table S2); Thermocycler parameters for all assays (Table S3).
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COVID-19 coronavirus disease 2019
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MERS-CoV Middle East respiratory syndrome coronavirus
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