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Cycle threshold (C,) values are correlated with the amount of viral nucleic acid in a sample and may be obtained from some quali-
tative real-time polymerase chain reaction tests used for diagnosis of most patients with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2). However, C_ values cannot be directly compared across assays, and they must be interpreted with caution as
they are influenced by sample type, timing of sample collection, and assay design. Presently, the correlation between C, values and
clinical outcomes is not well understood. We conducted a systematic review and meta-analysis of published studies through April
19, 2021, that reported an association between C, values and hospitalization, disease severity, and mortality in patients >18 years
old with SARS-CoV-2. A meta-analysis of 7 studies showed no significant difference in mean C_ values between hospitalized and
nonhospitalized patients. Among hospitalized patients, those with C values <25 had a high risk of more severe disease and mor-
tality than patients with C_ values >30 (odds ratio [OR], 2.31; 95% CI, 1.70 to 3.13; and OR, 2.95; 95% CI, 2.19 to 3.96; respectively).
The odds of increased disease severity and mortality were less pronounced in patients with C_ values of 25-30 compared with >30.
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Infection with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) may lead to a spectrum of disease, ranging from
asymptomatic infection to severe symptomatic coronavirus dis-
ease 2019 (COVID-19). As of May 5, 2021, there have been over
32 million confirmed cases of COVID-19 in the United States,
resulting in >5 million hospitalizations [1, 2]. Among hospi-
talized patients with COVID-19, roughly one-third of patients
have required intensive care unit (ICU) admission, and 1 in 9
patients have died [3-6].

Current known host risk factors for progression to se-
vere COVID-19 include advanced age, male sex, and cer-
tain comorbidities including obesity and heart failure [7-9].
Laboratory values such as interleukin-6 level, C-reactive pro-
tein level, and peripheral blood lymphocyte count have also
been correlated with disease severity [10-12].

There has also been interest in assessing the impact of viral
load on clinical outcomes. Most patients with COVID-19 are
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diagnosed with real-time polymerase chain reaction (rtPCR)
assays, which are most commonly qualitative tests (ie, providing
a positive or negative result). Many rtPCR assays can provide a
cycle threshold (C,) value, which refers to the number of PCR
cycles required to generate target amplification (as measured by
fluorescence) that is distinguishable from baseline fluorescence
[13]. Using a standard curve correlating C_ values to different
known concentrations of SARS-CoV-2 virions, a quantitative
viral load can be determined in a given clinical specimen.
While C, value is inversely proportional to viral load, this
correlation is nonlinear, and many factors influence this as-
sociation, including sample collection and rtPCR assay [14].
Additional limitations in the use of C values in patients with
SARS-CoV-2 include the impact of the timing of sample col-
lection, as generally earlier in the disease course individuals
will have a higher viral load. Despite these limitations, there is
widespread interest among clinicians in how the C_ value can
be used to better manage patients infected with SARS-CoV-2.
However, a gap remains in the knowledge of the clinical utility
of C, values to aid in prognostication of patients with COVID-19.
An early systematic review evaluated the clinical utility of C, values
in patients with COVID-19, but this analysis only included 1 study
on disease progression and another study on patient mortality
[15]. Several studies have reported noncorrelative results between
clinical outcomes in patients with COVID-19 and both SARS-
CoV-2 viral load and C, values [16-21]. These discrepancies may
be due, in part, to different technologies used, timing of testing,
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and differing criteria for assessing clinical outcomes at varying in-
stitutions across the globe. Given this uncertainty, we conducted a
systematic review and meta-analysis to assess the association be-
tween C_ values and clinical outcomes, including the risk of hospi-
talization among patients with COVID-19 and the risk of disease
severity and death in such patients.

METHODS

This study was registered in PROSPERO (CRD42021235617),
and findings were reported according to the Meta-analysis Of
Observational Studies in Epidemiology (MOOSE) guideline
(Supplementary Data).

Outcomes of Interest

We sought to identify published studies evaluating the asso-
ciation between CT values and 3 distinct outcomes among
patients with a confirmed SARS-CoV-2 infection: (1) need
for hospitalization; and among hospitalized patients, (2)
disease severity (WHO Severity scale grade 5 or higher,
specifically invasive or noninvasive ventilation and/or ICU
need); (3) in-hospital and 30-day mortality.

Data Sources and Search Strategies

A comprehensive search of several databases from January 1,
2019, through January 28, 2021, limited to the English lan-
guage and excluding animal studies, was conducted. Given the
rapid pace of publications, the search was repeated on April 19,
2021. The databases included Ovid MEDLINE and Epub Ahead
of Print, In-Process & Other Non-Indexed Citations and Daily,
Ovid Embase, Ovid Cochrane Central Register of Controlled
Trials, Ovid Cochrane Database of Systematic Reviews, Web of
Science, and Scopus. The search strategy was designed and con-
ducted by a medical reference librarian (L.C.H.) with input from
the study investigators. Controlled vocabulary supplemented
with keywords was used to search for studies describing the as-
sociation between SARS-CoV-2 C, values and clinical outcomes.
The actual strategy listing all search terms used and how they are
combined is described in the Appendix (Supplementary Data).

Eligibility Criteria and Study Selection

We included cohort studies, randomized controlled trials,
and case reports and series that met the following criteria: (1)
adults >18 years, (2) publication in English, (3) reported C, value
data, (4) specified sample source (eg, nasopharyngeal swab), (5)
specified rtPCR assay, (6) minimum 5 study subjects with speci-
fied outcome of interest, and (7) full manuscript available.

Each study was assessed for inclusion by 2 independent re-
viewers, first by screening the publication title and abstract
and subsequently by analyzing content in the full-text articles
(V.PS., WH.E, or J.C.H.). Discordance of study data was re-
solved by evaluation by a third reviewer or discussion on eligi-
bility and consensus agreement.

Data Collection

Two reviewers abstracted data from each included study
(V.PS. and W.H.E). Disagreements were resolved by discussion.
When multiple studies from the same data set were reported,
we included only the largest data set. If a study reported the use
of multiple rtPCR assays, data were abstracted and synthesized
separately for each assay.

For each outcome of interest, adjusted odds ratios (ORs) for low
(C, <25) and medium (C,. 25-30) compared with high (C >30)
C, values were collected. If unavailable or not reported, data from
tables were abstracted and unadjusted odds ratios were calculated.
If data were reported but were insufficient for meta-analysis (eg,
graphic data), authors were contacted for more details.

Additionally, the mean C_value and SD for each outcome were
collected if available (eg, survivor vs nonsurvivor mean C, values).
If mean C_ values and SD data were not available, information was
imputed from interquartile ranges. Sample population, sample
source, and rtPCR platform data were also collected.

Risk of Bias Assessment

Risk of Bias assessment was performed using a modified Newcastle-
Ottawa scale by 2 independent reviewers (V.PS. and WH.E)
(Supplementary Data). Disagreements were resolved by discussion
and consensus. We assessed the representativeness of the study pop-
ulation, selection of the nonexposed cohort, comparability, and out-
come assessment. A quantitative score for risk of bias was not used,
but we focused on the most critical element of bias in this specific
context, which was adjustment for confounders [22].

Data Synthesis

Studies that reported ORs or reported data from which odds
ratios could be calculated were analyzed separately from studies
that reported C, values as continuous variables for outcomes
of interest. If studies reported C, values both as categorical and
continuous variables, the study was evaluated as part of the syn-
thesis that had the larger data set.

Because of heterogeneity across study settings and popula-
tions, the DerSimonian-Laird random effect model as imple-
mented in the OpenMeta Analyst software package was used
[23]. Heterogeneity was assessed using the I’ statistic, with
low heterogeneity being <50%, moderate 50% to 75%, and
high >75%. Heterogeneity was explored using subgroup ana-
lyses by sample source, rtPCR assay, use of adjusted vs unad-
justed ORs, and risk of bias. We were unable to statistically
evaluate the presence of publication bias due to the small
number of studies included per analysis.

RESULTS

Study Selection and Characteristics

The search yielded 459 potentially relevant articles, of which
21 studies met inclusion criteria (Figure 1). Study character-
istics are listed in Tables 1-3 for each outcome. A total of 18
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studies contributed data to the meta-analysis. Overall, 8 and 10
studies reported C_ values as categorical and continuous vari-
ables, respectively, in relation to outcomes of interest and were
synthesized collectively for each outcome.

Risk of Bias Assessment
Overall, 15 studies had a high risk of bias (Supplementary Data).
Three studies were deemed to have a moderate risk of bias.

Meta-analysis
For the outcome of hospitalization, 1 study reported only cat-
egorical C_ values, and thus we were not able to perform an

analysis [21]. Seven studies (n = 3291 patients) were analyzed,
and 4 studies reported higher C_ values in hospitalized patients,
1 of which did not reach statistical significance. Three studies
reported lower mean C_ values among hospitalized patients,
1 of which did not reach statistical significance. Meta-analysis
found no difference in the mean C, value between hospitalized
and nonhospitalized patients with SARS-CoV-2 with high het-
erogeneity (0.062; 95% CI, -1.933 to 2.056; I* = 92.71%) (Figure
2).

For disease severity among hospitalized patients, 4 studies
(n = 2347 patients) reported categorical C  values. Hospitalized
patients with C, values <25 or 25-30 had an increased risk of

Records excluded based on title
and abstract review (n = 400)

Reports excluded:

Cip value not available (n = 14)
Outcome not of interest (n = 12)
PCR platform not listed (n = 5)
Duplicate (n = 4)

Sample size criteria not met (
Sample source not available (
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Figure 1.

PRISMA flowchart. Abbreviations: CT, cycle threshold; PCR, polymerase chain reaction.
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more severe disease compared with patients with C_, values >30
(OR, 2.31; 95% CI, 1.70 to 3.13; and OR, 1.45; 95% CI, 1.06 to
1.97, respectively) (Figure 3). There was low heterogeneity for
these outcomes (I* = 0%). Analysis of 4 studies (n = 675 pa-
tients) found a mean C_ difference of -5.22 (95% CI, -7.11 to
-3.32) in patients with severe disease compared with nonsevere
disease among hospitalized patients, also with low heteroge-
neity (I* = 42.07%) (Figure 3C).

For the outcome of mortality, 7 studies (n = 6053 patients)
reported categorical C, values. While Magleby et al. reported
on the relationship between C, values and mortality, this data
set was also included in the report by Westblade et al., which
was a larger data set [20, 24]. Thus, the synthesis did not include
data from Magleby et al. for the mortality outcome to avoid du-
plication of results. Hospitalized patients with C_ values <25
had an increased risk of mortality compared with those with
C, values >30 (OR, 2.95; 95% CI, 2.19 to 3.96) (Figure 4A).
There was moderate heterogeneity (I’ = 53.25%), which did
not change significantly during a subgroup analysis by risk of
bias or rtPCR assay (data not shown). In subgroup analysis by
sample source, the 6 studies that utilized only nasopharyngeal
swab had low heterogeneity (I* = 28.9%) (Figure 4B).

Hospitalized patients with C, values of 25-30 compared
with >30 also had an increased mortality risk (OR, 1.59; 95%
CIL 1.19 to 2.14) with low heterogeneity (I* = 41.19%), though
this finding was driven by a single large study (Figure 4C) [24].
Three additional studies (n = 1382 patients) reported on the re-
lationship between mean C_ values and mortality in hospitalized
patients and found a lower mean C, value among nonsurvivors
than survivors (OR, -4.27; 95% CI, -6.38 to -2.16) with high
heterogeneity (I” = 83.88%).

Three studies did not provide sufficient data for meta-
analysis and are summarized narratively. Piubelli et al. re-
ported 373 patients from a single center in Italy and reported
C, values by month. C values decreased from March 2020
through April 2020 with decreased ICU need, consistent with

who required ICU-level care did not change [25, 26]. Young
et al. reported a prospective observational study of 100 pa-
tients from Singapore in which 20 patients had pneumonia
and hypoxia and found no difference in C, values compared
with patients without pneumonia [27]. However, there was
no separate analysis for the 12 patients who required ICU
care. Yu et al. reported a study from China of 92 patients com-
paring baseline C_ values in patients with severe disease with
C, values in those with mild or moderate disease on admis-
sion [28]. They found that patients with more severe disease
on admission, as well as patients who went on to have severe
disease during their hospitalization, had lower admission C,
values compared with those with mild or moderate disease.
However, disease severity was not defined.

DISCUSSION

This systematic review and meta-analysis did not find an asso-
ciation between C, values and hospitalization of persons with
SARS-CoV-2. Four studies reported higher C, values in hospi-
talized patients, while 3 studies reported lower C values. The
single study that reported only OR for the outcome of hospi-
talization also found no association between low C_ value and
risk of hospitalization [21]. There was high heterogeneity in the
data, which did not significantly decrease in subgroup analysis
by sample source (data not shown). These 7 studies from 6 dif-
ferent countries utilized 6 different rtPCR assays, which may
account for the difference in results. Additionally, the different
study periods and local disease dynamics may contribute to
the heterogeneity in the reported data. If testing was limited
or delayed, this could also have an impact on the comparator
group and may, in part, account for some of the observed het-
erogeneity. The certainty of a lack of association is also limited
by different standards for hospitalization globally, particularly
early in the COVID-19 pandemic when many institutions were
admitting all patients with SARS-CoV-2 infection regardless of

a waning epidemic trajectory, but the C, values for patients symptoms.
Studies Estimate (95% CI)
Ade et al 2021 0.800 (-0.237, 1.837) +il—
Ammodio et al 2020 -3.000 (-4.311, ~1.689) ——
Faico-Filho et al 2020 2.860  (1.869, 3.851) -
Koureas et al 2021 -5.880 (-9.160, -2.600) —_——
McEllistrem et al 2021 8.020  (3.531, 12.509) -
Seeni et al 2021 -2.790 (-5.843, 0.263) —
Yagci et al 2020 1.390  (0.628, 2.152) E
Overall (12 = 92.71%, P < .001)  0.062 (-1.933, 2.056)
I T T T T 1
-10 -5 0 5 10 15

Figure 2.

Meam difference in G values

Forest plot of mean C, value difference between hospitalized and nonhospitalized patients. Abbreviation: C,, cycle threshold.
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3A: Cp <25

Studies Estimate (95% CI)

de la Calle et al 2021 2.990 (1571,  5.690) —&

Magleby et al 2020 2.730 (1.679,  4.440) —il

Maltezou et al 2021 1.650 (0.968,  2.811) i :

Seeni et al 2021 1.850 (0.527,  6.493) &

Overall (12 = 0%, P = .436) 2.311 (1.704, 3.133) ﬁ

I T : T T T I
2 4 6 8 10

3B: C 25-30
Studies Estimate (95% CI) :
de la Calle et al 2021 1.810 (1.017,  3.220) —
Magleby et al 2020 1.590 (0.961,  2.630) ——
Maltezou et al 2021 1.121  (0.637, 1.972) —i——
Seeni et al 2021 0.725 (0.133,  3.972) = ;
Overall (I2 = 0%, P =.546) 1.448 (1.063, 1.973) ——
| : T T T T |
1 2 4 6 8 10

3C: Ct Mean difference

Studies Estimate (95% CI) E
Faico-Filho et al 2020 -5.500  (-6.820, —4.180) i
Gaston et al 2020 0.200 (-5.364,  5.764) : =
Guo et al 2020 -5.533  (-7.735, -3.331) —a—
Fukushima et al 2021 -9.200  (-15.855, -2.545) = .
Overall (I = 42.07%, P = .159) -5.218 (=7.112, -3.324) _
T I| T 1
~15 -10 -5 0 5 10

Figure 3.

Mean difference in G- values

Forest plots of disease severity outcome among hospitalized patients. A, C, value <25 vs >30. B, C; value 25-30 vs >30. C, Mean C, value difference between

patients with severe and nonsevere disease in subgroup analysis by sample source. Abbreviation: C,, cycle threshold.

For the disease severity and mortality outcomes, C, value
data were evaluated both as a numerical difference between
outcomes and as a categorical variable depending upon how
individual studies reported data. Comparing outcomes across
studies using categorical C, values is challenging due to varia-
tions in sample collection and the rtPCR platform utilized be-
tween studies. Evaluating mean differences in C, values has the
advantage of canceling out systematic differences within studies
such as testing availability and the rtPCR platform, which al-
lows for more robust comparisons between studies.

Among patients hospitalized with COVID-19, those with
lower C_ values had more severe disease necessitating noninva-
sive ventilation, mechanical ventilation, or ICU admission. This
association was most notable when comparing patients with
C, values <25 with patients with C_ values >30 and was also
noted among patients with C_ values of 25-30. Consistent with

this finding, our analyses also revealed a lower mean C, value
among those with more severe disease (Figure 3C). Contrary
to the other 3 studies, Gaston et al. found no mean difference
in those with more severe outcomes, though confidence inter-
vals overlapped with other studies. However, this study was in
patients with a solid organ transplant, representing a unique
patient population. Overall, we observed low heterogeneity in
the data.

Among patients hospitalized with COVID-19, lower C_ values,
particularly C_ values <25, were associated with higher mortality
compared with those with C,. values >30. This analysis included
the study by Shah et al., which evaluated mortality among pa-
tients with severe disease, defined as having pulse oximetry read-
ings of <93% on room air [29]. This cohort is similar to other
hospitalized patients and was thus included in the pooled anal-
ysis. There was moderate heterogeneity that decreased during

8 « OFID « Shahetal



4A: C <25

Studies Estimate (95% CI)
Bryan ct al 2020 2.769 (0.873, 8.783)
Choudhuri et al 2020 3.850 (2.391, 6.200) ——
de la Calle et al 2021 2.040 (1.040, 4.000) 4I—v7
Maltezou et al 2021 1713 (1.002, 2.928) —
Seeni et al 2021 0.633 (0.114, 3.528) ' -
Shah et al 2021 3.111 (1.049, 9.225) -
Westblade_Roche 2020 4985 (3.207, 5.725) —i—
Westblade_Xpert 2020 3.479 (2.543, 4.757) —1—
Overall (I” = 53.25%, P = .036) 2.945 (2.192, 3.958) _
I T T T T
1 2 4 6 8 10

Odds ratio (log scale) for mortality

4B: G 25-30 Subgroup

Studies Estimate (95% CI) :
Bryan et al 2.769 (0.873, 8.783) -2
Choudhuri et al 3.850 (2.391, 6.200) —_—l
de la Calle et al 2.040 (1.040, 4.000) —_—
Seeni et al 0.633 (0.114, 3.528) - :
Shah et al 3111 (1.049, 9.225) =
Westblade_Roche 4.285 (3.207, 5.725) ——
Westblade_Xpert 3479 (2,543, 4.757) +
Subgroup NP Sample (I? = 28.9%, P = .208) 3.309 (2.654, 4.351) -
Maltezou et al 1.713 (1.002, 2.928) ———
Subgroup NP or OP Sample (I = NA, P = NA) 1.713 (1.002, 2.928) —_——
Overall (I” = 53.25%, P = .036) 2.945 (2.192, 3.958) -=_____-"‘I‘:=-.
I T T T T |
1 2 4 6 8 10
Odds ratio (log scale) for mortality
4C: G, 25-30 Subgroup
Studies Estimate (95% CI)
Bryan et al 0.960 (0.246, 3.741) L ;
de la Calle et al 1.090 (0.577, 2.060) = :
Seeni et al 2.027 (0.478, 8.590) —=
Westblade_Roche 2.184 (1.607, 2.969) R
Westblade_Xpert 1.860 (1.350, 2.563) ——
Subgroup NP Sample (I* = 14.56%, P = .322) 1.823 (1.431, 2.322) -
Maltezou et al 1.006 (0.561, 1.805) g
Subgroup NP or OP Sample (I = NA, P = NA) 1.006 (0.561, 1.805) :
Overall (I* = 41.19%, P = .131) 1.593 (1.185, 2.141) _—
I T T T T
1 2 4 6 8 10
Odds ratio (log scale) for mortality
4D: G Mean Difference
Studies Estimate (95% CI) :
Faico-Filho et al 2020 6.000 (-7.422, ~4.578) —B— 1
Yagci et al 2020 1.400  (-3.544, 0.744) S —
Zhao et al 2021 ~4.880 (-5.898, -3.862) ——
Overall (I” = 83.88%, P = .002) —4.268 (-6.380, —2.156) —¢-
[ ! 1
-10 -5 0 5

Mean difference in C.. values

Figure 4. Forest plots of mortality outcome among hospitalized patients. A, C, value <25 vs >30. B, C, <25 vs >30, subgroup analysis by sample source. C, C, value 25-30
vs >30. D, Mean C, value difference between survivors and nonsurvivors. Abbreviations: C,, cycle threshold; NP, nasopharyngeal.
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subgroup analysis by sample source (Figure 4B). The associa-
tion between C_ values and mortality was less pronounced when
comparing hospitalized patients with C_ values of 25-30 with
patients with C_ values of >30, driven largely by a single study
(Figure 4C). Our analysis also revealed higher mean C,. values
among survivors compared with nonsurvivors.

Interestingly, there have been mixed reports of the associ-
ation between viral load and outcomes in patients with other
respiratory illnesses. A low C, was not associated with wors-
ened outcomes in patients with influenza [30]. Duncan et al.
evaluated adults with respiratory syncytial virus and showed
that higher viral loads were not independent predictors of hos-
pitalization, but peak viral load was a predictor for mechanical
ventilation [31]. Hung et al. performed a prospective study of
154 patients infected with the original SARS-CoV in 2003 and
found that higher viral load later in the disease course was as-
sociated with increased rates of mechanical ventilation and
death [32]. These mixed reports have been described in patients
with SARS-CoV-2, and the heterogeneity in the data may be, in
part, due to different sample populations, sample sources, and
rtPCR assays.

The timing of clinical specimen collection is critical and may
impact the C, value as well. A study by Hu et al. suggested that
viral load peaks shortly after symptom onset then declines in
a steady manner [33]. Early in the disease course, patients in-
fected with SARS-CoV-2 generally have low C, values, with no
discernable difference between those who require hospitaliza-
tion and those who do not. However, as symptoms progress
and those who require hospitalization present for medical care,
patients with persistently high viral loads may have a wors-
ened prognosis, which may be predicted using the C value as a
surrogate marker. This correlation may also be age-dependent.
Faes et al. evaluated a cohort of patients in Belgium and found
age to be correlated with time from symptom onset to hospitali-
zation, with younger patients having the shortest duration [34].
The time at which patients get tested may impact the C_ value,
particularly for those with less severe disease.

Limitations

There are several limitations to our review. As highlighted by
Rhoads et al., the use of C_ values for clinical decision-making
is a challenging proposal for several reasons [35]. First, sample
source, collection method, volume, and storage may impact the
C, value. Additionally, C.. values can vary widely based on the
rtPCR assay used.

This meta-analysis was limited to studies published in
English. However, patients from many countries are repre-
sented in this evaluation. Due to the small number of studies
per outcome, the presence of publication bias could not be
evaluated; nonetheless, reporting and publication bias remain
a concern as the overall large number of publications related
to COVID-19 may have resulted in studies with null results

that may not have been reported or published. In addition,
time from symptom onset to sample collection or testing
was not considered in this evaluation as such data were not
widely reported in published studies. Most studies were con-
ducted earlier in the pandemic, when rtPCR testing was more
limited and individuals were immune-naive. Findings from
this analysis may not be applicable to those with immunity
through vaccination or prior infection. Furthermore, most
studies were found to have a high risk of bias, largely due to
not adjusting for potential confounding variables that are
known to affect outcomes assessed in this study, such as age,
gender, and use of therapeutics. Additionally, study popula-
tion was mostly done by convenience sampling, which can
lead to significant selection bias. Therefore, using the GRADE
approach to evaluate certainty in the meta-analytic estimates,
we judged this certainty to be very low due to risk of bias and
heterogeneity [36].

Future Directions

Further prospective research that takes into account con-
founding factors such as age, gender, comorbidities, and dura-
tion from symptom onset to testing would further add to the
knowledge base on the clinical utility of the C value. A pro-
spective serial evaluation of C_ values in patients with multiple
risk factors for severe disease could aid in determining whether
persistently high levels of viral RNA early in the disease course
are related to worse outcomes and whether patients who are
able to mount an immunologic response and clear more virus
have improved outcomes. Additional evaluation of viral load
and C, value dynamics in emerging variants and in popula-
tions with immunity would also be valuable. Development and
availability of quantitative rtPCR assays would allow for stand-
ardization and more direct comparison of the prognostic utility
of viral load of SARS-CoV-2. To date, no quantitative SARS-
CoV-2 assay has received Emergency Use Authorization by the
US Food and Drug Administration.

Despite limitations on the interpretation of individual C,
values, they may aid in prognostication of patients, along with
other demographic, clinical, and laboratory findings. The C,
value may allow clinicians to better triage certain patients ad-
mitted to the hospital to provide appropriate interventions in a
timely manner. Another major benefit of the C, value is that it
may be obtained without need for additional testing, assuming
the test for SARS-CoV-2 is performed on rtPCR assays that pro-
vide this value.

CONCLUSIONS

This systematic review suggests a role for C, values in the prog-
nostication of hospitalized individuals for the outcomes of dis-
ease severity and mortality, with lower C values (ie, higher
levels of viral RNA) correlating with increased disease severity
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and mortality. However, C_ results must be interpreted with
caution given the limitations and lack of assay standardization.

Acknowledgments

Financial support.
this work.

Potential conflicts of interest. M.].B. is an advisory board member for
DiaSorin Molecular and Mammoth Biosciences. ]J.D.Y. received research
grants from Roche Molecular Systems, Inc., and Abbott Molecular, Inc. All
remaining authors have no reported conflicts. All authors have submitted
the ICMJE Form for Disclosure of Potential Conflicts of Interest. Conflicts
that the editors consider relevant to the content of the manuscript have been
disclosed.

Data availability. Data abstracted from this research are available by
contacting the corresponding author.

Patient consent. 'This systematic review and meta-analysis is not
human subjects research and conforms to the ethical standards within the
United States.

The authors received no specific funding for

References

1. Centers for Disease Control and Prevention. COVID data tracker weekly review.
Available at: https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covidview/
index.html. Accessed 10 May 2021.

2. Centers for Disease Control and Prevention. Estimated disease burden of COVID-
19. Updated 29 April 2021. Available at: https://www.cdc.gov/coronavirus/2019-
ncov/cases-updates/burden.html. Accessed 11 May 2021.

3. Asch DA, Sheils NE, Islam MN, et al. Variation in US hospital mortality rates for
patients admitted with COVID-19 during the first 6 months of the pandemic.
JAMA Intern Med 2021; 181:471-8.

4. Kompaniyets L, Goodman AB, Belay B, et al. Body mass index and risk for
COVID-19-related hospitalization, intensive care unit admission, invasive me-
chanical ventilation, and death - United States, March-December 2020. MMWR
Morb Mortal Wkly Rep 2021; 70:355-61.

5. Nguyen NT, Chinn J, Nahmias J, et al. Outcomes and mortality among adults
hospitalized with COVID-19 at US medical centers. JAMA Netw Open 2021;
4:€210417.

6. Roth GA, Emmons-Bell S, Alger HM, et al. Trends in patient characteristics and
COVID-19 in-hospital mortality in the United States during the COVID-19 pan-
demic. JAMA Netw Open 2021; 4:¢218828.

7. Garg S, Kim L, Whitaker M, et al. Hospitalization rates and characteristics of
patients hospitalized with laboratory-confirmed coronavirus disease 2019 -
COVID-NET, 14 States, March 1-30, 2020. MMWR Morb Mortal Wkly Rep 2020;
69:458-64.

8. Ioannou GN, Locke E, Green P, et al. Risk factors for hospitalization, mechan-
ical ventilation, or death among 10 131 US veterans with SARS-CoV-2 infection.
JAMA Netw Open 2020; 3:22022310.

9. Peckham H, de Gruijter NM, Raine C, et al. Male sex identified by global COVID-
19 meta-analysis as a risk factor for death and ITU admission. Nat Commun
2020; 11:6317.

10. Henry BM, de Oliveira MHS, Benoit S, et al. Hematologic, biochemical and immune
biomarker abnormalities associated with severe illness and mortality in coronavirus
disease 2019 (COVID-19): a meta-analysis. Clin Chem Lab Med 2020; 58:1021-8.

11. Huang I, Pranata R. Lymphopenia in severe coronavirus disease-2019 (COVID-
19): systematic review and meta-analysis. ] Intensive Care 2020; 8:36.

12. Zhou E Yu T, Du R, et al. Clinical course and risk factors for mortality of adult
inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet
2020; 395:1054-62.

13. Tom MR, Mina M]J. To Interpret the SARS-CoV-2 test, consider the cycle
threshold value. Clin Infect Dis 2020; 71:2252-4.

14. Dahdouh E, Lizaro-Perona F, Romero-Gomez MP, et al. Ct values from SARS-
CoV-2 diagnostic PCR assays should not be used as direct estimates of viral load.
J Infect 2021; 82:414-51.

15. Rao SN, Manissero D, Steele VR, Pareja J. A systematic review of the clinical
utility of cycle threshold values in the context of COVID-19. Infect Dis Ther
2020; 9:573-86.

16. Argyropoulos KV, Serrano A, Hu J, et al. Association of initial viral load in severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) patients with outcome
and symptoms. Am ] Pathol 2020; 190:1881-7.

17. Le Borgne P, Solis M, Severac E, et al. SARS-CoV-2 viral load in nasopharyngeal
swabs in the emergency department does not predict COVID-19 severity and
mortality. Acad Emerg Med 2021; 28:306-313.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Pujadas E, Chaudhry F, McBride R, et al. SARS-CoV-2 viral load predicts
COVID-19 mortality. Lancet Respir Med 2020; 8:e70.

Tsukagoshi H, Shinoda D, Saito M, et al. Relationships between viral load and the
clinical course of COVID-19. Viruses 2021; 13:15.

Magleby R, Westblade LE, Trzebucki A, et al. Impact of SARS-CoV-2 viral load
on risk of intubation and mortality among hospitalized patients with coronavirus
disease 2019. Clin Infect Dis 2020; 30:30.

Maltezou HC, Raftopoulos V, Vorou R, et al. Association between upper respira-
tory tract viral load, comorbidities, disease severity and outcome of patients with
SARS-CoV-2 infection. ] Infect Dis 2021; 3:3.

Viswanathan M, Patnode CD, Berkman ND, et al. Recommendations for as-
sessing the risk of bias in systematic reviews of health-care interventions. J Clin
Epidemiol 2018; 97:26-34.

Wallace BC, Dahabreh IJ, Trikalinos TA, Lau J, Trow P, Schmid CH. Closing the
Gap between methodologists and end-users: R as a computational back-end. J
Stat Softw 2012; 49:15.

Westblade LF, Brar G, Pinheiro LC, et al. SARS-CoV-2 viral load predicts mor-
tality in patients with and without cancer who are hospitalized with COVID-19.
Cancer Cell 2020; 38:661-71.e2.

Piubelli C, Deiana M, Pomari E, et al. Overall decrease in SARS-CoV-2 viral load
and reduction in clinical burden: the experience of a hospital in Northern Italy.
Clin Microbiol Infect 2021; 27:131.e1-3.

Hay JA, Kennedy-Shaffer L, Kanjilal S, et al. Estimating epidemiologic dynamics
from cross-sectional viral load distributions. Science 2021; 373:eabh0635.

Young BE, Ong SWX, Ng LFP, et al. Viral dynamics and immune correlates of
COVID-19 disease severity. Clin Infect Dis 2020; 28:28.

Yu X, Sun S, Shi Y, et al. SARS-CoV-2 viral load in sputum correlates with risk of
COVID-19 progression. Crit Care 2020; 24:170.

Shah S, Singhal T, Davar N, Thakkar P. No correlation between Ct values and
severity of disease or mortality in patients with COVID 19 disease. Indian ] Med
Microbiol 2021; 39:116-7.

Lalueza A, Folgueira D, Mufioz-Gallego I, et al. Influence of viral load in the out-
come of hospitalized patients with influenza virus infection. Eur J Clin Microbiol
Infect Dis 2019; 38:667-73.

Duncan CB, Walsh EE, Peterson DR, et al. Risk factors for respiratory failure as-
sociated with respiratory syncytial virus infection in adults. J Infect Dis 2009;
200:1242-6.

Hung IF, Cheng VC, Wu AK, et al. Viral loads in clinical specimens and SARS
manifestations. Emerg Infect Dis 2004; 10:1550-7.

He X, Lau EHY, Wu P, et al. Temporal dynamics in viral shedding and transmissi-
bility of COVID-19. Nat Med 2020; 26:672-5.

Faes C, Abrams S, Van Beckhoven D, et al. Time between symptom onset, hos-
pitalisation and recovery or death: statistical analysis of Belgian COVID-19 pa-
tients. Int ] Environ Res Public Health 2020; 17:7560.

Rhoads D, Peaper DR, She RC, et al. College of American Pathologists (CAP)
Microbiology Committee perspective: caution must be used in interpreting the
cycle threshold (Ct) value. Clin Infect Dis 2021; 72:¢685-6.

Murad MH. Clinical practice guidelines: a primer on development and dissemi-
nation. Mayo Clin Proc 2017; 92:423-33.

Ade C, Pum J, Abele I, et al. Analysis of cycle threshold values in SARS-CoV-2-
PCR in a long-term study. J Clin Virol 2021; 138:104791.

Amodio E, Pipitone RM, Grimaudo S, et al. SARS-CoV-2 viral load, ifnlambda
polymorphisms and the course of COVID-19: an observational study. ] Clin Med
2020; 9:15.

Faico-Filho KS, Passarelli VC, Bellei N. Is higher viral load in SARS-CoV-2 asso-
ciated with death? Am J Trop Med Hyg 2020; 103:2019-21.

Koureas M, Speletas M, Bogogiannidou Z, et al. Transmission dynamics of
SARS-CoV-2 during an outbreak in a Roma Community in Thessaly, Greece—
control measures and lessons learned. Int ] Environ Res Public Health 2021;
18.

McEllistrem MC, Clancy CJ, Buehrle DJ, et al. SARS-CoV-2 is associated with
high viral loads in asymptomatic and recently symptomatic healthcare workers.
PLoS One 2021; 16:0248347.

Seeni R, Firzli T, Riddle MS, et al. Using COVID-19 cycle threshold and
other lab values as predictors of hospitalization need. ] Med Virol 2021;
93:3007-14.

Karahasan Yagci A, Sarinoglu RC, Bilgin H, et al. Relationship of the cycle
threshold values of SARS-CoV-2 polymerase chain reaction and total severity
score of computerized tomography in patients with COVID 19. Int J Infect Dis
2020; 101:160-6.

de la Calle C, Lalueza A, Mancheno-Losa M, et al. Impact of viral load at admis-
sion on the development of respiratory failure in hospitalized patients with SARS-
CoV-2 infection. Eur J Clin Microbiol Infect Dis 2021; 7:7.

Fukushima T, Kabata H, Yamamoto R, et al; Keio Donner Project Team. The real-
time reverse transcription-polymerase chain reaction threshold cycle values for

A Systematic Review and Meta-analysis « OFID « 11


https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covidview/index.html
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covidview/index.html
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/burden.html
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/burden.html

46.

47.

severe acute respiratory syndrome coronavirus 2 predict the prognosis of corona-
virus disease 2019 pneumonia. Respir Investig 2021; 59:360-3.

Gaston DC, Malinis M, Osborn R, et al. Clinical implications of SARS-CoV-2 cycle
threshold values in solid organ transplant recipients. Am J Transplant 2020; 12:12.
Guo X, Jie Y, Ye Y, et al. Upper respiratory tract viral ribonucleic acid load at hos-
pital admission is associated with coronavirus disease 2019 disease severity. Open
Forum Infect Dis 2020; 7:XXX-XX.

48.

49.

50.

Bryan A, Fink SL, Gattuso MA, et al. SARS-CoV-2 viral load on admission is as-
sociated with 30-day mortality. Open Forum Infect Dis 2020; 7:XXX-XX.
Choudhuri J, Carter J, Nelson R, et al. SARS-CoV-2 PCR cycle threshold at hos-
pital admission associated with patient mortality. PLoS One 2020; 15:e0244777.
Zhao Y, Cunningham MH, Mediavilla JR, et al. Diagnosis, clinical characteristics,
and outcomes of COVID-19 patients from a large healthcare system in Northern
New Jersey. Sci Rep 2021; 11:4389.

12 « OFID « Shahetal



