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Kevin M. Kallmes, Nested Knowledge, stract

Inc., 1430 Avon Street N, St. Paul, MN The purpose of this systematic review and meta-analysis was to examine clinical
55117.

outcomes associated with convalescent plasma therapy in COVID-19 patients.
Email: kevin.kallmes@nested-

knowledge.com We performed a literature search on PubMed, medRxiv, Web of Science, and

Scopus to identify studies published up to December 10th, 2020 that examined
the efficacy of convalescent plasma treatment for COVID-19. The primary end-
points were mortality, clinical improvement, and hospital length of stay. We
screened 859 studies that met the search criteria, performed full-text reviews of
56 articles, and identified 15 articles that fulfilled inclusion criteria for meta-
analysis. The odds of mortality were significantly lower in the convalescent
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19) has affected over
79 million individuals worldwide, with 1.7 million deaths
attributed to the disease as of December 27, 2020.! Convales-
cent plasma (CP) treatment has been used for previous viral
outbreaks (eg, Spanish influenza, SARS)** and may repre-
sent an effective treatment strategy for COVID-19. Initial
studies have noted beneficial effects of CP to treat COVID-
19, especially CP containing high titers of neutralizing anti-
bodies (NAbs) administered early in the disease course.*”
However, existing data come from small observational, non-
randomized studies, which are underpowered and suffer
from study bias at various levels (eg, patient selection, lack
of appropriate controls, additional therapies).® Therefore, it
is essential to compile and analyze the collective data
obtained from smaller studies in order to better characterize
the treatment outcomes associated with CP therapy. Here,
we performed a systematic review and meta-analysis to
determine the efficacy of CP for the treatment of COVID-19.

2 | METHODS

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines were adhered to
for this review article. We conducted a literature search
on PubMed, medRxiv, Web of Science, and Scopus
through December 10, 2020 using the following key-
words: “COVID-19 OR SARS-CoV-2 OR novel coronavi-
rus” and “convalescent plasma”. Inclusion criteria for
article selection consisted of the following: (a) study
contains convalescent plasma and standard therapy
arms, and (b) study provides clinical outcomes data
resulting from convalescent plasma therapy. We excluded
reviews, case reports, guidelines, nonhuman studies,
commentaries, opinions, editorials, news, and studies
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plasma group compared to the control group (OR = 0.59 [95% CI = 0.44; 0.78],
P <.001), although results from two key randomized controlled trials did not
support the mortality benefit. The odds of clinical improvement were signifi-
cantly higher in the convalescent plasma group compared to the control group
(OR = 2.02 [95% CI = 1.54; 2.65], P < .001). There was no difference in hospital
length of stay between the convalescent plasma group and the control group
(MD = —0.49 days [95% CI = —3.11; 2.12], P = .713). In all, these data indicate
that a mortality benefit with convalescent plasma is unclear, although there
remain benefits with convalescent plasma therapy for COVID-19.

convalescent plasma, coronavirus, COVID-19, meta-analysis

that did not report outcomes data. We also excluded stud-
ies that consisted of groups (CP, control) that exhibited
substantial differences in disease severity at baseline. For
example, we would not include studies that compared
outcomes in critically ill patients that received CP with
minor-moderately ill patients that received standard
treatments at baseline as differences in outcomes would
not necessarily be a product of the treatment.

2.1 | Risk of bias and quality assessment
The risk of bias and levels of evidence of each study was
scored using the Scottish Intercollegiate Guidelines Net-
work (SIGN) checklists for controlled clinical trials and
cohort studies.” As such, individual items on checklists
were categorized as follows:

“Well addressed” or “Yes”
+ “Adequately addressed”

» “Poorly addressed” or “No”
» “Not reported”

» “Not applicable (N/A)”

The risk of bias among individual studies was coded
as follows:

High quality (++)
Adequate quality (+)
Low quality (—)
Unacceptable (0)

Individual levels of evidence among studies were
graded as follows:

 High-quality controlled trials (1++)
 Acceptable-quality controlled trials (1+)
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« Low-quality controlled trials (1—)

« High-quality prospective cohort studies (2++)
Acceptable-quality cohort studies (2+)

« Low-quality cohort studies (2—)

Within their separate checklists, non-randomized
controlled trials were rated no higher than 1+ and retro-
spective cohort studies were rated no higher than 2+.

2.2 | Statistical analysis
All data were entered into a Microsoft Excel sheet and
imported to RStudio (Version 1.3.959, RStudio, PBC) run-
ning R-4.0.2 for analysis using the “metafor” package.®
The primary outcomes of interest were the odds of mor-
tality, clinical improvement, and hospital length of stay.
In certain studies, insufficient information was presented
to extract direct measures of variance for continuous
parameters. We contacted the study authors when data
were missing. If data remained unavailable, the studies
were either omitted, or statistical methods were used to
derive estimated measures of variance. When the
assumption of approximately normally distributed data
was justified, means and variances were estimated using
methods described by Luo et al” and Wan et al,'® respec-
tively. If summary measures from individual studies were
primarily reported as quantiles (median, IQR, etc.),
aggregated results were computed using the weighted
median of medians method proposed by McGrath et al.™*
The magnitude of between-study heterogeneity
unrelated to sampling error was evaluated by Higgin's I*
statistics.'® For dichotomous data, effect sizes were com-
puted as log-transformed odds ratios (ORs) using the
inverse of the variance method (fixed-effects models) or
using the inverse of the variance with a restricted effects
maximum likelihood (REML) estimator for estimation of
the between-study variance component in random-effects
models. For continuous data, effect sizes were computed as
pooled mean differences (MDs) using the Hedge's g
method" or using Hedge's g with a REML estimator for
estimation of the between-study variance component in
random-effects models. To aid in interpretation, log-
transformed effect sizes were converted to a probability
scale. Fixed-effects models were chosen in order to make
conditional inferences from aggregated results from the
k studies included in the analysis; random-effects models
were chosen in order to make unconditional inferences
about predicted outcomes in a hypothetical population of
studies from which the k studies included in the analysis
are assumed to have come from. As such, separate fixed-
effects models were used for aggregating rates of different
background characteristics, comorbidities, and treatment

interventions and random-effects models were used for
aggregating predicted values for patient outcomes. A sepa-
rate model was fit for each summary measure. 95% confi-
dence intervals were calculated using exact binomial
intervals (dichotomous data) or normal approximation
(continuous data) for fixed-effects models or using the Q-
profile method for random-effects models.'* 95% prediction
intervals (PIs) were also calculated for each random-effects
outcome measure.'* In brief, a 95% PI estimates where the
true effects are to be expected for 95% of similar (exchange-
able) studies that might be conducted in the future.'” As
recommended in the Cochrane Handbook for Systematic
Reviews of Interventions, funnel plots were used to visually
depict small study bias when at least 10 studies were
included for outcome comparisons. Asymmetry in funnel
plots will be assessed using the Harbord test.'®

3 | RESULTS

A total of 859 articles were discovered that met the search
criteria, out of which 56 articles were selected for full-text
review. After the full-text screening, 15 studies'’ ' with a
total study population of 4898 patients met our criteria
for inclusion in the quantitative synthesis (Figure 1).
There were 5 randomized controlled trials,!820-2426
1 non-randomized controlled trial,'” 2 prospective cohort
studies,’®?’ 2 ambidirectional cohort studies,?>?* and
5 retrospective cohort studies.”**>! Among this study
population, 2247 patients (45.9%) were treated with CP
plus standard of care, and 2651 (54.1%) were treated with
standard of care alone (control). Standard of care could
consist of antivirals, corticosteroids, antibiotics, and
immunomodulators.

3.1 | Background characteristics and
comorbidities

The mean age of the CP group was 57.1 years (95% CL
56.3; 58.0), while the mean age of the control group was
56.6 years (95% CI: 55.9; 57.3). There was no significant
difference in age distributions between the CP and control
groups (MD = -0.18years [95% CI = -1.30; 0.93],
P = .747; Figure S1). There was no significant difference in
prevalence of male patients between the CP and control
groups (OR = 0.97 [95% CI = 0.85; 1.10], P = .633). Within
the CP group, the median time from symptom onset to
receive CP treatment was 13.25days (95% CI = 8.06;
18.45; Figure S2). There was no difference in utilization of
immunoglobulins (OR = 1.30 [95% CI = 0.56; 3.03],
P = .539), steroids (OR = 1.04 [95% CI = 0.87; 1.23],
P = .849), or antivirals (OR = 0.83 [95% CI = 0.58; 1.17],
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P = .278) between the CP and control groups (Table 1).
However, the CP group had significantly higher baseline
supplemental oxygen use compared to the control group
(OR = 1.73 [95% CI = 1.24; 2.42], P = .001). There was no
difference in prevalence of diabetes (OR = 1.04 [95% CL:
0.92; 1.18], P =..538), hypertension (OR = 0.95 [95%
CI = 0.84; 1.07], P = .422), chronic obstructive pulmonary
disease (OR = 1.02 [95% CI = 0.76; 1.37], P = .901),
chronic kidney disease (OR = 0.81 [95% CI = 0.64; 1.02],
P = .072), cardiovascular disease (OR = 0.90 [95%
CI = 0.75; 1.06], P = .200), or cerebrovascular disease
(OR = 1.30 [95% CI = 0.63; 2.68], P = .477) between CP
and control groups. Comparisons of all dichotomous back-
ground characteristics and comorbidities between the CP
and control groups are shown in Table 1

3.2 | Mortality

All studies included in the quantitative meta-analysis had
sufficient data to evaluate the relative odds of mortality

between the CP and control groups. The overall mortality
rate for the CP group was 0.127 (95% CI = 0.083; 0.181),
while the overall mortality rate for the control group was
0.194 (95% CI = 0.139; 0.263). The odds of mortality were
significantly lower in the CP group compared to the control
group (OR = 0.59 [95% CI = 044; 0.78], p = <.001;
Figure 2A). The estimated between-study heterogeneity
ranged from low to high (I = 45.5% [95% CI = 0.3%; 70.2%],
P = .028). Harbord’s test revealed significant small study bias
with respect to overall mortality rate (estimate = —1.285,
SE = 0.483, intercept = —0.076, P = .020; Figure S3).

To investigate the impact of follow-up time on mortal-
ity, we performed a subgroup analysis on studies reporting
mortality at standardized follow-up times at either 28 or
30 days. Seven studies included in the meta-analysis
reported mortality at either 28- or 30-day follow-up. The
mortality rate at 28- or 30-day follow-up for the CP group
was 0.107 (95% CI = 0.068; 0.165), while the overall mor-
tality rate for the control group was 0.167 (95% CI = 0.109;
0.247). The odds of mortality were significantly lower in
the CP group compared to the control group (OR = 0.59
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(A)
Convalescent Plasma Control

Study Events Total Events Total Weight
Duan 0 10 3 10 0.8%
Rasheed 1 21 8 28 1.6%
Omrani 1 40 5 40 1.5%
Hegerova 2 20 6 20 2.3%
Alsharidah 24 135 90 233  11.8%
Zeng 5 6 14 15 0.9%
Liu 5 39 38 156 5.6%
Salazar 20 321 73 582 11.8%
Gharbharan 6 43 1 43 4.9%
Abolghasemi 17 115 18 74 8.3%
Li 8 51 12 50 5.7%
Rogers 8 64 28 177 71%
Altuntas 219 888 246 888 17.5%
Simonovich 25 228 12 105 8.5%
Agarwal 34 227 31 229  11.6%
Total (95% CI) 375 2208 595 2650 100.0%

95% PI

OR [95% CI]
0.102 [0.005; 2.283]
0.125 [0.014; 1.094]
0.179 [0.020; 1.612]
0.259 [0.045; 1.486]
0.344 [0.205; 0.574]
0.357 [0.019; 6.850]
0.457 [0.167; 1.251]
0.463 [0.277; 0.775]
0.472 [0.157; 1.419]
0.540 [0.258; 1.131]
0.589 [0.218; 1.594]
0.760 [0.327; 1.767]
0.854 [0.691; 1.056]
0.954 [0.460; 1.982]
1.125 [0.665; 1.903]

0.586 [0.442; 0.778]
[0.270; 1.271]

Heterogeneity: Tau? = 0.11; Chi? = 25.68, df = 14 (P = 0.028); I? = 45.5% [0.3%; 70.2%]

(B)
Convalescent Plasma Control

Study Events Total Events Total Weight
Omrani 1 40 5 40 3.4%
Alsharidah 24 135 90 233 19.8%
Salazar 12 321 57 582 17.2%
Li 8 51 12 50 11.2%
Rogers 8 64 28 177 13.5%
Simonovich 25 228 12 105 15.4%
Agarwal 34 235 31 229  19.5%
Total (95% Cl) 112 1074 235 1416 100.0%

95% PI

Heterogeneity: Tau? = 0.18; Chi? = 14.86, df = 6 (P = 0.021); I? = 59.6% [7.2%; 82.4%] T

FIGURE 2
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Odds Ratio

OR [95% CI] MH, Random, 95% ClI
0.179 [0.020; 1.612] B
0.344 [0.205; 0.574] —8—
0.358 [0.189; 0.677] ——
0.589 [0.218; 1.594] —a——
0.760 [0.327; 1.767] —8—
0.954 [0.460; 1.982] 1
1.080 [0.639; 1.826]
0.586 [0.379; 0.904] -

[0.171; 2.003] e .

0102 05 1 2 5 10
Favors CP  Favors Control

Forest plot of subgroup comparisons of mortality. A, Overall mortality across all follow-up times. B, Mortality at 28 to 30 day

follow-up. Pooled results were computed using restricted effects maximum likelihood with 95% confidence intervals computed using the Q-
profile method. A 95% prediction interval was also computed (black bar)

[95% CI = 0.38; 0.90], P = .016; Figure 2B). The estimated
between-study heterogeneity ranged from low to high
(P = 59.6% [95% CI = 7.2%; 82.4%], P = .021). Overall,
results from pooled mortality assessment at standardized
follow-up times did not reduce between-study heterogene-
ity and results were not significantly different than those
observed across all timepoints.

3.3 | Clinical improvement

Of the studies included in the quantitative meta-analysis,
seven studies had sufficient data to evaluate the relative
odds of clinical improvement between the CP and control
groups. Criteria for clinical improvement varied across
studies (Table S1). The overall rate of clinical improve-
ment for the CP group was 0.694 (95% CI = 0.508; 0.833),
while the overall rate of clinical improvement for the
control group was 0.492 (95% CI = 0.276; 0.711). The
odds of clinical improvement were significantly higher in

the CP group compared to the control group (OR = 2.02
[95% CI = 1.54; 2.65], P < .001; Figure 3). Between-study
heterogeneity with regards to clinical improvement
ranged from low to moderate (* = 21.6% [95% CI = 0.0%;
64.8%], P = .265). Due to limited data, small-study bias
assessments were not performed; as such, the pooled
effect size for clinical improvement was assumed to be
affected by small study bias to some degree.

To investigate the impact of follow-up time on clinical
improvement, we performed a subgroup analysis on stud-
ies reporting clinical improvement at standardized
follow-up times at either 28 or 30 days. Four studies
included in the meta-analysis reported clinical improve-
ment at either 28- or 30-day follow-up. The overall rate of
clinical improvement at 28- or 30-day follow-up for the
CP group was 0.760 (95% CI = 0.570; 0.883), while the
overall rate of clinical improvement for the control group
was 0.626 (95% CI = 0.459; 0.767). The odds of clinical
improvement were significantly lower in the CP group
compared to the control group (OR = 211 [95%
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CI = 1.60; 2.77], P <.001; Figure 3B). The estimated
between-study heterogeneity ranged from low to moder-
ate (I = 0.0% [95% CI = 0.0%; 66.2%], P = .716). Overall,
results from pooled clinical improvement assessment at
standardized follow-up times did not reduce between-
study heterogeneity and results were not significantly dif-
ferent than those observed across all timepoints.

3.4 | Hospital length of stay

Of the studies included in the quantitative meta-analysis,
six studies had sufficient data to compare hospital length

(A)
Convalescent Plasma Control

Study Events Total Events Total Weight
Gharbharan 25 43 25 43  10.0%
Li 27 52 22 51 12.1%
Omrani 31 40 26 40 7.5%
Alsharidah 100 135 133 233 34.0%
Salazar 296 321 482 582 34.4%
Zeng 1 6 1 15 0.8%
Duan 7 10 1 10 1.2%
Total (95% Cl) 487 607 690 974 100.0%

of stay between the CP and control groups. The pooled
mean hospital length of stay for the CP group was
9.6 days (95% CI = 6.6; 14.0), while the pooled hospital
length of stay for the control group was 10.4 days (95%
CI = 8.03; 13.4). The difference in hospital length of stay
between the CP and control group was not significant
(MD = -0.49 days [95% CI = —3.11; 2.12], P = .713;
Figure 4). The estimated between-study heterogeneity
was high (I> = 91.1% [95% CI = 83.3%; 95.2%|, P = .761).
Due to limited data, small-study bias assessments were
not performed; as such, the pooled effect size for hospital
length of stay was assumed to be affected by small study
bias to some degree.

Odds Ratio

OR [95% Cl] MH, Random, 95% ClI
1.00[0.42; 2.36] —s—
1.42[0.65; 3.09] —r 8
1.85[0.69; 4.97] —t
2.15[1.35; 3.42] B
2.46 [1.55; 3.90] —-
2.80[0.15; 53.71] :
21.00 [1.78; 248.10] —
2.02 [1.54; 2.65] -

Heterogeneity: Tau® < 0.01; Chi® = 7.65, df = 6 (P = 0.265); I? = 21.6% [0.0%; 64.8%] F I ' o

(B)
Convalescent Plasma Control

Study Events Total Events Total Weight
Li 27 52 22 51 12.7%
Omrani 31 40 26 40 7.9%
Alsharidah 100 135 133 233  35.4%
Salazar 289 321 461 582  44.0%
Total (95% Cl) 447 548 642 906 100.0%

Heterogeneity: Tau? = 0; Chi? = 1.36, df = 3 (P = 0.716); I> = 0.0% [0.0%; 66.2%] F '

FIGURE 3

0102 05 1 2 5 10
Favors Control Favors CP
Odds Ratio

OR [95% Cl] MH, Random, 95% ClI
1.42 [0.65; 3.09] —t——
1.85 [0.69; 4.97] —t—
2.15[1.35; 3.42] ——
2.37 [1.56; 3.59] -
2.11 [1.60; 2.78] -

[ [ 1

0.1 0.2
Favors Control

05 1 2 5 10
Favors CP

Forest plot of subgroup comparisons of clinical improvement. A, Overall clinical improvement across all follow-up times. B,

Clinical improvement at 28 to 30 day follow-up. Pooled results were computed using restricted effects maximum likelihood with 95%

confidence intervals computed using the Q-profile method. A 95% prediction interval was also computed (black bar)

Convalescent Plasma Control Mean Difference Mean Difference

Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abolghasemi 6.0 4.0 115 120 7.0 74 17.3% -6.0[-7.8;-4.2]

Rogers 70 40 64 80 50 177 18.0% -1.0[-2.2; 0.2]

Salazar 6.0 6.0 321 7.0 7.0 582 18.4% -1.0[-1.9; -0.1]

Agarwal 140 6.0 227 13.0 50 224 182% 1.0[0.0; 2.0]

Simonovich 170 16.0 228 16.0 17.0 105 13.3% 1.0[-2.9; 4.9]

Hegerova 13.0 50 20 90 50 20 14.8% 4.0[0.9; 71]

Total (95% ClI) 975 1182 100.0% -0.5[-3.1; 2.1]

Heterogeneity: Tau? = 9.51; Chi? = 56.02, df = 5 (P < 0.001); I? = 91.1% [83.3%; 95.2%)] I T

FIGURE 4
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Favors CP  Favors Control

Forest plot of subgroup comparisons of hospital length of stay. Pooled results were computed using restricted effects

maximum likelihood with 95% confidence intervals computed using the Q-profile method. A 95% prediction interval was also computed

(black bar)
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3.5 | Risk of bias and quality assessment
of the included studies

Based on the SIGN method for controlled trials,” 2 stud-
ies were rated as 1++, and 4 studies were rated as 1+.
Based on the SIGN methods for cohort studies, 3 studies
were rated as 2+, and 6 studies were rated as 2-. Of note,
2 retrospective cohort studies which received “unaccept-
able (0)” ratings on the risk of bias assessment were
excluded from the quantitative meta-analysis. All other
studies were directly applicable to the target patient pop-
ulation and had sufficient information for inclusion in
the quantitative meta-analysis. Risk of bias outcomes and
gradings of evidence were descriptively synthesized and
were not assessed for the purpose of quantitative analysis.
Table S2 shows the detailed results of the risk of bias
assessments as well as summaries of the conclusions
from individual studies. Of the studies included in the
quantitative meta-analysis, 8 studies suggested overall
benefit with CP use, 5 studies were inconclusive, and
2 studies suggested no benefit with CP use.

4 | DISCUSSION

Here, we performed a systematic review and meta-
analysis of the literature to examine clinical outcomes
following CP therapy for COVID-19. Administration of
CP resulted in lower odds for mortality in COVID-19
patients, both within the global meta-analysis and within
the subgroup analysis of 28- or 30-day standardized
follow-up times. However, the two largest, randomized
controlled studies included in the meta-analysis did not
observe a mortality benefit with CP therapy***°; thus, the
effects of CP on mortality are not fully understood. The
odds for clinical improvement were greater in patients
that received CP treatment, both within the global meta-
analysis and within the subgroup analysis of 28- or
30-day standardized follow-up times. Hospital length of
stay was not significantly different between the CP and
control groups. These data suggest that CP therapy may
be of benefit to COVID-19 patients; however, the dispa-
rate mortality results observed in studies with the highest
levels of evidence preclude definitive conclusions regard-
ing improved survival rates.

A principal advantage of CP therapy for COVID-19 is
that CP can be obtained from local sources (ie, recovering
COVID-19 patients) through apheresis. Moreover, the
usage of CP therapy has exhibited efficacy to treat other
viral illnesses, such as SARS-CoV-1,® influenza (HIN1,
H5N1, H7N9),***> Argentinian mammarenavirus/Junin
virus,*® and Middle East respiratory syndrome coronavi-
rus (MERS-CoV).*” While we encountered several studies

that observed lower, albeit non-significant, odds of mor-
tality with CP therapy, the studies®**® with the highest
levels of evidence in our analysis detected similar rates of
mortality between CP and control arms. Indeed, Agarwal
et al had a mortality rate of 15.0% (34/227) with CP ther-
apy vs 13.5% (31/229) in the control arm, while
Simonovich et al had a mortality rate of 11.0% (25/228)
with CP therapy vs 11.4% (12/105) in the control arm.
Based on the complete dataset, we are uncertain if CP
provides a mortality benefit for COVID-19 patients. How-
ever, there could be inherent differences in study designs
that are sufficient to confound outcome assessments,
such as mortality.

The concentration of NAbs in CP likely influences
the quality and/or magnitude of clinical outcome. While
the U.S. Food & Drug Administration recently provided
criteria for classifying CP as high or low titer using spe-
cific IgG detection kits,® there has not been a consensus
with regards to specific cut-offs for high and low titers
(IgG, NADb) in clinical practice. Of the 15 studies included
in the present analysis that assessed donor antibody
titers, 4 studies assessed NAb titers,'?>2*26 4 studies
assessed IgG titers,>*****! and 3 studies assessed IgG
indexes (Table 2).'”?>** In the only study that reported
an increase in NAb titers following CP transfusion, Duan
et al** noted a mortality benefit with CP therapy, albeit
in small sample. Simonovich et al noted an increase in
IgG titer after CP infusion; however, this study did not
report a mortality benefit. This study was a randomized
controlled trial consisting of 333 COVID-19 patients.
While there was a small difference in IgG titers between
CP (1:400 [1:200-1:600]) and placebo control (1:400
[1:50-1:3200]) at day 2 (P = .044), there were no differ-
ences in IgG levels between the 2 groups at days 7
(P = .806) and 14 (P = .449). Thus, the meaningfulness of
CP transfusion to mitigate disease progression in these
patients was unclear as both groups exhibited a substan-
tial rise in IgG titer over time. Agarwal et al noted that
83% of all patients possessed median NAb titers of 1:90
during enrollment, while median NAb titers of only 1:40
were present in the CP donors.?* Moreover, there was no
difference in NAD titers between groups (CP and control)
following CP transfusion. These data indicate that NAb
titers of both CP donors and COVID-19 patients are
important considerations when assessing the suitability
of CP treatment.

NAb levels in COVID-19 patients may be detected
within 2 to 3 weeks after symptom onset.>*** By the time
these antibodies develop in patients with severe disease,
significant lung injury may have already occurred. Early
introduction of NAbs to COVID-19 patients could attenu-
ate viremia and prevent immune-mediated lung damage.
Therefore, it is believed that prompt administration of CP
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could improve treatment efficacy through this mechanism.**

. . ,% On the other hand, late administration of CP may not be
§ g g g beneficial in patients that have high NAD levels and have
&R .- already developed significant lung injury. In SARS-CoV-1, it
E =) é § was reported that seronegative patients experienced better
3 2 S % clinical outcomes with CP therapy as compared to seroposi-
§ —E i g tive patients.” In the present study, the median time from
&< * 2 symptom onset to CP therapy was approximately 13 days,
% é 5 \g E" which would likely be too late to be of benefit for many of
g :g g g § these patients. Early CP therapy occurred infrequently, and
g kS R 73 ; g the sole importance of early CP administration was unclear.
S IR ER Alsharidah et al”’ and Hegerova et al'® reported fewer
% % deaths in patients that received CP therapy within 24 and
8 g 48 hours, respectively, of hospital admission. Moreover,
- E '*E Hegerova et al reported all deaths in the CP group occurred
§ £ A in patients that received CP after 7 days from hospitaliza-
R e tion. Rasheed et al noted that the most favorable outcomes
5 5 ; § occurred in CP patients treated no more than 3 days upon
_ ; § % g entrance to the respiratory care unit*® In contrast, the
E E < § < gé median time from onset of symptoms to enrollment was
< § approximately 1 week in Agarwal et al** and Simonovich
S - B et al,”® which both failed to observe clinical benefits with CP
o o § S E é é treatment. Perhaps the most thorough examination of thera-
§ g & {3’ b 2"'5 peutic timing of CP treatment was performed by Salazar
A 2 Z 5 g et al.*! In this propensity-score matched study that consisted
= g % g ojf 935 .pa'tients, high IgG titer (:anti-RB]‘), ;1:1350) CP' infu-
‘E‘ g E : sion within 44 bours from hospital admission resu%ted in the
S g~ 22 greatest mortality benefit. Importantly, the mortality benefit
g = § :é 5 was not observed in patients that were intubated at day 0 or
= § é 2 8 in patients who were transfused >72 hours after hospital
‘E S E gﬁ % admission, even when transfused with high IgG titer
§ g < § % £ CP. Taken together, these data indicate that both high titer
E = % g é CP and early administration are important considerations
E g a % Eﬂ for effective CP therapy. Additional studies that ideally uti-
E o % i %D 2 lize standardized, short-term approaches are required to
© § & g identify the potential benefits of early CP treatment.
g 2 g The evidence from our meta-analysis suggests that CP
o e g 5 5 therapy cari implrove clinical status,. al(tihcl)ughfimproxif-
o = S oz ments in clinical status were examined less frequently
% § é § T; than mortality. It is important to note that the RCTs that
E Tt = é :‘i\ failed to detect a mortality benefit with CP treatment did
E :5: ?z 3 £ g not assess for improvements in clinical status.***® How-
z o= 5 3535 ever, Simonovich et al did not detect a difference in clini-
E 5 ig isi :’é ‘g ; cal status (6-category ordinal scale) between CP (~8 days
£ g ’ﬁ 13 é % ‘; ; from symptom onset to enrollment) and placebo control
5 W 2 % = 2 =38 S E patients at 30 days.”® The two largest studies that reported
- 5 = P 3 2 é E}E’ improvements in clinical status with CP therapy also
g B % S - 9<% reported mortality benefits.?”*' Both studies assessed clin-
S S 5= < ical improvement in patients that received early CP
~ gé % Eﬂfé § administration (~1-2 days from hospital admission). In
A 2 %% ‘fa E 3‘3% }é contrast, Gharbharan et al reported identical rates of
2 g (% 2 E z g E £ improvement in clinical status between CP and control
= 2 Z A< patients (58%); however, ~10days had elapsed from
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symptom onset to time of inclusion and both groups pos-
sessed substantial NAb titers at baseline.’® Omrani et al
reported a nonsignificant improvement in clinical
status,?® but this study also involved CP administration at
a later time point (10 days) as compared to the two largest
studies in this analysis.””*" Altuntas et al did not specifi-
cally assess for clinical improvement; however, the study
did note reductions in the duration of time spent in the
ICU and the rate of mechanical ventilation with CP treat-
ment.?’ Moreover, they noted a greater rate of mechanical
ventilation in CP patients that received CP therapy
20 days after COVID-19 diagnosis or the onset of symp-
toms as compared to CP patients that received treatment
earlier in the disease course (<15 days). In all, these data
suggest that CP therapy may improve the clinical status of
COVID-19 patients, although clinical improvement may
depend on CP administration early in the disease course.

We observed no differences in hospital length of stay
between COVID-19 patients that received CP therapy and
those that received control therapies. Abolghasemi et al
reported a lower length of stay with CP treatment,'’
while Hegerova et al reported a lower length of stay in
control.'”” Administration of CP occurred <7 days from
symptom onset in Abolghasemi et al, although the spe-
cific data on timing were not provided. Hegerova et al uti-
lized early administration of CP relative to the time of
hospitalization (~2 days); however, it is important to note
that 50% of control patients received remdesivir treatment
as compared to only 5% of CP patients."” Remdesivir is
effective at reducing the amount of time needed for recov-
ery from COVID-19*%; thus, the greater use of remdesivir
in control patients may have confounded length of stay
results from Hegerova et al. Nevertheless, the collective
data indicate that CP therapy does not reduce length of
stay for hospitalized COVID-19 patients.

There remain obstacles to the widespread use of CP
therapy for the treatment of COVID-19. While availabil-
ity to apheresis has increased worldwide, effective CP
therapy also depends on a sufficient number of trained
professionals to perform apheresis.*® Adequate CP stor-
age procedures/facilities and laboratory techniques to
assess IgG or NAD titers are also important consider-
ations for effective CP treatment. Thus, the potential effi-
cacy of CP therapy for COVID-19 may be influenced, in
part, by regional healthcare resources and infrastructure.

4.1 | Limitations

Many of the studies included in the analysis were observa-
tional. Moreover, 2 of the 6 RCTs were terminated
early.'®*® We decided to leave early-terminated RCTs in
the final analysis due to their overall quality (eg,

randomization, etc.) despite the low statistical power.
While interpretation of early-terminated, underpowered
studies should be made with caution, the inclusion of
these studies elevated the quality of the present meta-anal-
ysis. The limited number of studies and the lack of
patient-level data made it difficult to explore sources of
heterogeneity (eg, meta-regression could not be per-
formed). In addition, small study bias may have influenced
the results. Standard of care varied within and across stud-
ies, which could have impacted the results. We performed
subgroup analyses of mortality and clinical improvement
at standardized follow-up times to reduce bias in our pri-
mary analyses; however, reduced statistical power may
impact the effect size estimates of subgroup comparisons
and between-study variability unattributable to sampling
error was not reduced based on conservative estimates of
I around their respective confidence intervals. Lastly, the
median time from symptom onset to CP therapy was
approximately 13 days; thus, the window for therapeutic
benefit might have been missed. Studies should utilize
standardized, early CP administration to maximize treat-
ment efficacy. To some degree, our choice of statistical
model accounts for these variations in study characteristics
by incorporating random effects on the study design.

5 | CONCLUSIONS

We detected a mortality benefit with CP therapy; how-
ever, there was not a clear consensus in support of a mor-
tality benefit with the randomized controlled studies
included in the analysis. Therefore, we concluded that
the efficacy of CP therapy to lower the odds of mortality
was unclear and not fully supported by the data. We
detected greater odds of clinical improvement with CP
therapy, but CP therapy did not reduce hospital length of
stay. There is a need for further, randomized controlled
studies to better understand the efficacy of CP therapy for
COVID-19 patients, especially regarding mortality rates.
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