Evaluation of Viral Loads in Patients With SARS-CoV-2
Delta Variant Infection: Higher Loads Do Not Translate

Into Different Testing Scenarios

Juan Luis Gomez Marti', Ashley Mays?, Melissa McCullough?,

Alan Wells' and Tung Phan'

Microbiology Insights

Volume 15: 1-3

© The Author(s) 2022

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/11786361221087537

®SAGE

Department of Pathology, University of Pittsburgh, PA, USA. 2Clinical Microbiology Laboratory,

UPMC Hospital System, Pittsburgh, PA, USA.

ABSTRACT: The Delta SARS-CoV-2 variant is very infectious, and it is spreading quickly during this pandemic. In the study, we compared viral
loads estimated by means of the Ct values emerging from RT-PCR swab tests in surging cases infected with the SARS-CoV-2 Delta variant in the
fourth wave of COVID-19 with the three prior waves. The data comprised viral loads from positive cases detected within the UPMC health care
system in Allegheny County, Pennsylvania. A total of 2059 upper airway samples were collected and tested for SARS-CoV-2 positive by RT-PCR
during March 2020 to September 2021. We did not observe significant difference in viral load difference between the third (December 2020
to January 2021) and fourth (June 2021 to September 2021) waves; however, they had the higher viral load than the first (March 2020 to June
2020) and second waves (June 2020 to August 2020). We did find an age-related effect with the elderly presenting with lower viral loads, which
was also seen in the earlier waves. However, the level of the viral loads in the fourth wave in the respect of the previous ones was not sufficiently
increased to change our testing strategies by means of increased use of rapid antigen tests (RAT).

KEYWORDS: The Delta variant, SARS-CoV-2, COVID-19, viral load

RECEIVED: November 9, 2021. ACCEPTED: February 21, 2022.
TYPE: Brief Report

FUNDING: The author(s) received no financial support for the research, authorship, and/or
publication of this article.

DECLARATION OF CONFLICTING INTERESTS: The author(s) declared no potential
conflicts of interest with respect to the research, authorship, and/or publication of this
article.

CORRESPONDING AUTHOR: Tung Phan, Department of Pathology, University of
Pittsburgh, 4200 Fifth Avenue, Pittsburgh, PA 15213, USA. Email: phantg@upmc.edu

The Study

Coronaviruses are enveloped positive-stranded RNA viruses,
and they belong to the genus Coromavirus of the family
Coronaviridae. They are the single largest group of viruses,
which has been associated with a variety of diseases in humans
and animals.! One of them is the Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2), which is responsible
for the coronavirus disease 2019 (COVID-19) pandemic in
humans.? This virus causes a wide range of signs and symptoms
from a mild condition to a very severe illness that requires hos-
pitalization and intensive care.’ Transmission of SARS-CoV-2
is primarily by the respiratory route, which can happen directly
from person to person.* There is strong evidence that SARS-
CoV-2 can spread by airborne transmission.” The virus has
been detected not only in respiratory specimens (nasopharynx,
nose, bronchoalveolar lavage, sputum, and saliva) but also in
non-respiratory specimens (feces, blood, and cerebral spinal
fluid).67 Similar to other places in the United State,
Pennsylvania has seen a similar unprecedented burden of
COVID-19 including high mortality and morbidity (https://
www.health.pa.gov/topics/disease/coronavirus/Pages/Cases.
aspx). Even though several COVID-19 vaccines are licensed
globally, SARS-CoV-2 infection is still a significant public
health concern. The United States is one of the emerged epi-
centers of the COVID-19 pandemic having more than 44 mil-
lion confirmed cases and at least 700,000 deaths as of October
10th, 2021 (https://coronavirus.jhu.edu/map.html). Thus, test-
ing to detect SARS-CoV-2 virus remains critical to diagnosing
patients and handling the pandemic.

Every virus mutates, and there is nothing exceptional about
SARS-CoV-2 in the context of evolution. What we have all
witnessed is SARS-CoV-2 continuing to mutate rapidly
worldwide, with each new variant more infectious than the last.
The highly transmissible Delta variant (B.1.617.2) was first
reported in India in December 2020 (https://gvn.org/covid-
19/delta-b-1-617-2/), and it quickly became the predominant
strain in the United States. There are reports that the reason
for the Delta virus replacing all other variants in the United
States by the summer of 2021, in addition to greater infectivity,
is that the Delta variant presents with much higher viral loads
in the upper airways. This would have implications for the test-
ing modalities, as various rapid antigen tests require signifi-
cantly higher viral loads for detection of infection.?

Herein, we provide a real-world experience study in which
viral loads were evaluated in the Delta variant infections in the
fourth wave of COVID-19 and compared with our data from
the three prior waves. To be consistent in the population base,
we queried the comprehensive clinical data of those persons
presenting to the UPMC health care system hospitals in
Allegheny County, Pennsylvania.

Between March 2020 and September 2021, a total of 2059
nasopharyngeal specimens (459, 163, 988, and 449 in the first
to fourth waves of COVID-19, respectively) were collected
from symptomatic patients and tested as SARS-CoV-2 posi-
tive by the NAAT assays (Cepheid GeneXpert Xpress SARS-
CoV-2 assay or and LDT based upon the CDC 2019-nCoV
Real-Time RT-PCR Diagnostic Panel). These NAAT assays
were performed as part of routine medical care, and they have
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Figure 1. The graphs presented the median cycle threshold (Ct) value of SARS-CoV-2 (a) in the first to fourth waves of COVID-19 in the UPMC health
care system in Allegheny County, Pennsylvania. *P <.001, **P <.0001 (b) in different age groups. The numbers below the graph are the number of

positive patients in each.

been authorized by FDA wunder an Emergency Use
Authorization (EUA). The cycle threshold (Ct) values gener-
ated by the two NAAT assays are not identical but have been
shown to be relatively comparable.® Viral loads were estimated
by the Ct values. Statistical analyses were performed using with
the Kruskal-Wallis test to compare more than two groups.

As shown in Figure 1a, there was no significant difference
between the viral loads of the third (median Ct 22.0) and fourth
(median Ct 23.0) waves. However, these Ct values are much
lower (meaning higher viral load) than those of the first (median
Ct 26.6) and second (median Ct 26.5) waves. These findings
were in line with the previous reports that the Delta variant had
higher viral loads in the upper airways, which might be associated
with higher infectivity and transmissibility. It is obvious that the
higher infectivity and transmissibility facilitated the rapid spread
of the Delta variant throughout the U.S. and worldwide. The viral
load of the Delta variant on the patients by different age groups
(15-24,25-49, 50-64, 65-74, and =75 years) was evaluated in the
fourth wave. The median Ct value of the Delta variant RNA
ranged from 21.7 to 28.0 depending on the age groups (Figure 2).
Of note, the viral load was highest in the age groups of 25 to
49years (median Ct 22.3) and 50 to 64 (median Ct 21.7) years,
followed by the age groups of 15 to 24years (median Ct 23.8) and
65 to 74 (median Ct 23.6) years. The patients aged =75 years had
the median Ct 28.0. Compared to the previous waves, the Delta
variant was found to be associated with the increased viral load in
the patients aged 25 to 74years as shown in Figure 1b.In each age
group of 25 to 49, 50 to 64, and 65 to 74years, the viral loads
(median Ct 22.3,21.7, and 23.6) in the fourth wave was higher
than those in the first wave (median Ct 26.9,26.7, and 27.9) and
second wave (median Ct 25.9,24.4, and 26.4).

Viral load in the upper airways is important mainly for
detection, as we and others have found little correlation with
viral load (Ct) at time of presentation and disease outcome.
However, the various rapid antigen assays and some near
patient or point of care NAAT technologies detect only
lower Ct values. We, and others have found that antigen
tests (RAT) as a group detect nearly all cases that present
with Ct of 27 or lower, and that the rapid NAAT such as
IDNow is comparable to other NAAT assays at Ct up to
33.810To guide our utility of testing, we mapped the detected
Ct values in the fourth wave cases against the cutoffs of Ct
27,30, and 33 (Figure 2). As can be seen, in the most fragile
group of over 75, more 36% would be at risk of being deemed
a false negative by the any of the more rapid assays, and less
than half (48%) would be consistently detected by RAT
assays. Even in the younger age groups, over a third would
be missed by RAT assays, and about a quarter by the rapid
NAAT assays.

These findings impact our approach to diagnosing SARS-
CoV-2 infection. Unfortunately, the somewhat higher viral
loads in the upper airways does not translate into a change in
our approach of using amplification technologies within the
laboratory setting to detect cases in persons who present with
symptoms to our hospitals and emergency departments. This is
because the risk of missing positive patients in the more vul-
nerable groups, such as those over 75 years of age, is still quite
high. As there are SARS-CoV-2 specific therapies for those
with moderate to severe disease, including aggressive use of
engineered monoclonal antibodies and remdesivir limited to
early in the disease process, correct diagnosis the first time is
critical to preventing ventilation and death. For younger, and
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Figure 2. The graph presented the median cycle threshold (Ct) value of SARS-CoV-2 in different age groups in the fourth wave of COVID-19 in the UPMC
health care system in Allegheny County, Pennsylvania. The numbers at the bottom of each box and whisker plot is the percentage of population with
Ct< 27, on top is the percentage of Ct >33, and the numbers in the middle are for the percentages between Ct 27-30 and Ct 30-33. The numbers below

the graph are the number of positive patients in each.

non-high-risk outpatients not requiring hospitalization or sup-
plemental oxygen such as in healthy children, we are using
RAT testing with the proviso of missing some quarter of the
patients.
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