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Abstract

Obijective: Evaluate the safety and effectiveness of convalescent plasma (CP) or
hyperimmune immunoglobulin (hIVIG) in severe respiratory disease caused by coro-
naviruses or influenza, in patients of all ages requiring hospital admission.

Methods: We searched multiple electronic databases for all publications to 12th
October 2020, and RCTs only to 28th June 2021. Two reviewers screened,
extracted, and analysed data. We used Cochrane ROB (Risk of Bias)l for RCTs,
ROBINS-I for non-RCTs, and GRADE to assess the certainty of the evidence.

Results: Data from 30 RCTs and 2 non-RCTs showed no overall difference between
groups for all-cause mortality and adverse events in four comparisons. Certainty of
the evidence was downgraded for high ROB and imprecision. (1) CP versus standard
care (SoC) (20 RCTS, 2 non-RCTs, very-low to moderate-high certainty); (2) CP versus
biologically active control (6 RCTs, very-low certainty); (3) hIVIG versus SoC (3 RCTs,
very-low certainty); (4) early CP versus deferred CP (1 RCT, very-low certainty). Sub-
grouping by titre improved precision in one outcome (30-day mortality) for the
‘COVID high-titre’ category in Comparison 1 (no difference, high certainty) and Com-
parison 2 (favours CP, very-low certainty). Post hoc analysis suggests a possible bene-
fit of CP in patients testing negative for antibodies at baseline, compared with those
testing positive.

Conclusion: A minimum titre should be established and ensured for a positive biologi-
cal response to the therapy. Further research on the impact of CP/hIVIG in patients
who have not yet produced antibodies to the virus would be useful to target thera-

pies at groups who will potentially benefit the most.
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1 | INTRODUCTION

Severe acute respiratory infections caused by strains of influenza
or coronavirus often lead to hospitalisation and sometimes
death. Symptomatic infection with SARS CoV-2 (COVID-19) has
surpassed the annual global burden of death due to influenza or
coronaviruses.® Although there are several effective vaccines for
COVID-19 therapeutic treatments are still required. Patients partic-
ularly at risk are those with disorders that affect the immune sys-
tem, for example, haematological malignancies or those receiving
drugs that suppress an immune response, for example, after organ
transplantation.??

Passive antibody therapies, including monoclonal antibody com-
binations have proven effective for COVID-19% However, the cost
of these therapies is prohibitive® and new SARS-CoV variants may
become resistant to anti-virals developed in response to previous
variants.® Alternative and affordable responses to emerging strains
of virus are needed.

Convalescent plasma (CP) is typically collected from donors with
confirmed diagnosis of infection at least 2 weeks after recovery.” CP
contains neutralising antibodies specific to the infectious agent but may
also contain other immune modulators and clotting factors that can be
fractionated out to produce hyperimmune-immunoglobulin (hIVIG).2

CP containing high titres of polyclonal antibody (Ab), has been
used to treat patients hospitalised with respiratory syndromes
caused by viral infections. Many studies have been poorly con-
trolled but such series suggested decreased mortality in HIN1
Influenza infections in 1918-1920 and in 2009/2010, SARS-CoV-1
infections in 2003 and most recently COVID-19. Recent systematic
reviews lacked data from RCTs and analysis did not consider the
titre used within trials.” Moreover, there are concerns that CP may
cause harm, potentially causing severe transfusion reactions such as
transfusion-associated acute lung injury (TRALI) or antibody depen-
dent enhancement of the viral infection.®

Prior to the COVID-19 pandemic, studies investigating the effec-
tiveness of CP for viral infections varied in quality and the outcomes

reported may not have reflected current international guidelines.}*1?

2 | OBIJECTIVE

To evaluate the evidence for the safety and effectiveness of using
convalescent plasma (CP) or hyperimmune immunoglobulin (hIVIG) to

treat severe respiratory disease caused by coronaviruses or influenza.

3 | METHODS

The protocol for this review was prospectively registered on PROS-
PERO (CRD42020176392), and the review was carried out in accor-
dance with Cochrane methodology and reported using the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.*

5 T Wi YL

3.1 | Search strategy

We searched multiple electronic databases (MEDLINE, PubMed, The
Cochrane Library, Embase, Epistemonikos), ClinicalTrials.gov and
WHO International Clinical Trials Registry Platform for ongoing stud-
ies, without language restriction, for all publication types on 12th
October 2020 (see Appendix Al in Data S1). We updated our search
on 28th June 2021, increasing the number of databases (Cochrane
COVID-19 Study Register, Transfusion Evidence Library, Web of Sci-
ence). We limited the update search to systematic reviews and RCTs
due to the significant number of randomised trials available at this
point. Ongoing studies identified in our searches were checked on
30th November 2021 and included if published in full (peer-reviewed)
by this date. We hand searched reference lists of systematic reviews
and included RCTs.1!

3.2 | Selection criteria
For assessments of effectiveness, we included RCTs comparing trans-
fusion of CP products to any control arm with participants of any age
who were admitted to hospital with severe respiratory illness. For
assessments of safety, we included all study designs where patients
received CP or hIVIG.

Two reviewers (CK, AL, LJG, SV) independently screened title and
abstract, and then full-text using Covidence.

Where a publication was in a non-English language, we used elec-
tronic translation tools and sought the help of native speakers where

appropriate (Appendix A2 in Data S1).

3.3 | Data extraction

Two of four reviewers (CK, AL, JG, JS) independently extracted data
using Covidence and Excel. Reviewers who were involved with any origi-
nal trials (AL, LE) were not involved in the data extraction for those trials.

Extracted data included: details of study participants (demo-
graphic and disease characteristics), details of interventions (including
titre, volume, timing of CP/hIVIG), and outcomes.

Outcomes extracted: all-cause mortality up to 30 and 90 days;
need for mechanical ventilation (MV) and non-invasive ventilation (NIV)
at up to 30 days; duration of MV or NIV; length of hospital stay; length
of intensive care unit (ICU) stay; duration of viral detection from admis-
sion up to 30 days; transfusion-related serious adverse events (SAEs).

In a deviation from our protocol, we also assessed SAEs up to
30 days due to substantial variability in the way that SAEs were
reported. For papers from the 1918 to 1920 influenza pandemic,
reporting style was substantially different and, if reported, there was
no grading of AEs. We recorded any potential AE described in these
publications.

Where data were not available for a particular timepoint, we
extracted data to the nearest possible timepoint. We sought clarifica-

tion from trial authors where necessary.
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3.4 | Risk of bias assessment
Two review authors (CK, AL, LJG, JS) independently assessed all eligi-
ble studies for risk of bias (ROB), using the Cochrane ROB tools.
ROB1 for RCTs!* and ROBINS-I for observational studies according
to the Cochrane Handbook for Systematic Reviews of Interventions.*”
Reviewers who had worked on a trial (AL, LE) did not participate in
ROB assessments for those studies.

Observational studies assessed as having “critical” ROB were not

included in quantitative analyses.

3.5 | Data analysis

Statistical analyses were undertaken in Review Manager 5.4,'¢ RY
and the metafor package in R.18 For dichotomous outcomes, we used
the Mantel-Haenszel method, or Peto OR for rare events. We calcu-
lated the pooled risk ratio (RR) with a 95% confidence interval (Cl),
using the random effects model in RevMan5.2¢ We used Tau? and I
in the assessment of heterogeneity, according to the guidelines laid
out in the Cochrane handbook.*’

We have not combined RCTs and non-RCTs and so have reported
the results separately.

We planned to analyse continuous outcomes using mean differ-
ence (MD) or standardised mean difference (SMD) where different
scales had been used. Continuous outcomes reported as median
(IQR/range) could not be meta-analysed or pooled and have been
reported narratively within tables.

Information from observational studies was collated in tables and
not meta-analysed. Certainty of the evidence (based on meta-
analysable data only) was assessed using GRADEPro.2°

3.5.1 | Subgroup and sensitivity analysis
We subgrouped included trials by the type of respiratory infection.

We also subgrouped COVID-19 studies by their use of high titre
or low titre/unselected plasma (see Appendix A3 in Data S1) in
response to emerging research that highlighted the wide variability in
CP titres used in practice.

We intended to undertake sensitivity analyses based on selec-
tion bias to examine evidence from ‘low risk’ studies only. How-
ever, this was not necessary for the RCTs as all included RCTs were
assessed as low (or unclear) risk for mortality endpoints within this

domain.

3.5.2 | Post hoc analysis of seropositivity

We performed a post hoc analysis of trials where there were sufficient
data to assess the impact of SARS-CoV-2 antibody status at baseline
due to emerging evidence of greater effectiveness of passive antibody

therapy (monoclonal antibodies) for patients who are antibody

negative at baseline.?! Meta-regression for post hoc analysis of sero-

positivity was performed using the metafor*® package in R.

4 | RESULTS

Our search yielded 4826 references (Figure 1 PRISMA flow diagram;
for excluded studies see Appendix A4 in Data S1).

41 | Study Characteristics

We identified 110 completed studies (Figure 1), including 30 RCTs
(four for influenza, n = 578; and 26 for COVID-19 SARS-CoV-2,
n = 18 204).3722-4° There were no RCTs or non-randomised con-
trolled trials identified for MERS or SARS (SARS-CoV-1) (Appendix
A Supplementary Table A1l in Data S1). We included 76 non-
randomised studies (Appendix B in Data S1). Of these, eleven were
controlled studies, of which only two were at less than “critical”
ROB>%5! (Appendix A Supplementary Table A2 in Data S1) We
included 67 uncontrolled studies: 12 assessing influenza A; two on
MERS-CoV; four on SARS-CoV, and 49 on COVID-19 (SARS-
CoV-2).

We also identified 143 ongoing studies (Appendix C) which were
either controlled trials or single arm studies, which listed at least one
safety outcome in their intended primary or secondary outcomes.

Study size in the quantitative analyses ranged from 29 to 11 555
(34 to 308 for influenza).

Of the four RCTs assessing influenza: two included children
(n = 24/236 < 18 years)*?*5; three RCTs***** included pregnant
women (3/270 pregnant women).

Of the 26 RCTs and 2 non-randomised studies that assessed
COVID-19: one RCT included children (n = 26/11558 < 18 years).®
Three RCTs??24** did not report whether they included children.
Three RCTs>?%%% included pregnant women (n = 36/12575 pregnant
women). Eight RCTs?22430-333644 did not report whether they

included pregnant women.

4.2 | Comparisons
We identified four comparisons within the data that could be com-
bined in quantitative analysis:

(1) CP versus standard care (SoC) or biologically inactive placebo
(saline) (20 RCTs): 19 RCTs compared CP to SoC,3722-2527-3133-36,3839
one RCT?® compared SoC with saline placebo, and two retrospective
observational studies®>>* compared CP patients with matched controls;

(2) CP versus biologically active control (FFP or IVIG) (6 RCTs):

P,40-4345 and one com-

five RCTs compared CP to non-immune FF
pared CP with IVIG.**

(3) hIVIG versus control (3 RCTs) Of these, two compared hIVIG
with SoC,*¢4” one compared hIVIG with saline placebo.*®

(4) early CP versus deferred CP (1 RCT).*?
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2002 records identified
3400 records identified 25 additionalrecords through further
by database searching identifiedthrough databasesearching,
(as 3381 studies) othersources limitedto RCTs (as 1997
studies)
Y P
"| 4826 recordsafter | 1record unavaikble
duplicatesremoved =
Y
4825 records screened
against title and abstract | 4112 recordsexcluded
Y
713 full-text artides assessed _ | 192 records excluded:
for eligibility | 29review
30 wrong intervention
83 uncontrolled study—
harmsnotreported
20 wrong population
7 study never opened
 / 3 wrong outcome
521 records included in 3 wrong comparator
qualitative synthesis: 17 wrong study design
252 records of ongoing (after search was limited
studies (143 studies) 4 RCTs identified toRCTs)
84 records of uncontrolled through tracking
studieswhichreportedon ongoingstudies
harms (65 studies) | tocompletion (up
11 recordsof non- to 30" November
randomised studies at 2021)
criticalriskof bias (9
studies)
74 records included in
quantitative synthesis
(meta-analysis):
71 records of randomised
controlledtrials (30
studies)
3 recordsof non-
randomised studies (2
studies)
FIGURE 1 PRISMA flow diagram. Caption: The reasons for exclusion at each stage are shown with arrows to the right.

The comparators and baseline characteristics of participants in
each of the thirty RCTs and two non-RCTs (retrospective observa-
tional studies)®®>! within meta-analyses are summarised in Appendix
A Table Al in Data S1.

43 | Outcomes

We could only extract sufficient data to meta-analyse mortality
and serious adverse events. We have presented remaining data
from controlled studies in tables (Appendix A, Tables A3-A6 in

Data S1). A summary of all outcomes reported is available in
Appendix A5.

Most trials did not describe any method for dealing with competing
risks when reporting their results. A competing risk is one which pre-
vents the event of interest from occurring. Death is a competing risk for
both (time to) mechanical ventilation and (time to) discharge. Devos
202128 approached competing risks using competing events analysis>?
to obtain cause-specific hazard ratios (HR). REMAP-CAP®° used ordinal
logistic regression by assigning each participant a category labelled with
the number of ventilator-free days up to 21 days, with people who died

up to day 90 being assigned —1, people who were on MV at
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(a) 30-day mortality
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Conval pl Standard care or saline Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, Random, 95% CI ABCDEFG
1.1.1 Covid (high titre)
Karper 2021 (1) 7 53 8 52 0.6% 0.86 [0.34, 2.20] T
Avendano-Sola 2021 7 179 14 171 0.6% 0.48[0.20, 1.15] ]
Menichetti 2021 (2) 14 231 19 240 11% 0.77 [0.39, 1.49] -
Simonovich 2020 25 228 12 105 1.2% 0.96 [0.50, 1.83] -1
Sekine 2021 18 80 13 80 12% 1.38[0.73, 2.63] T
Devos 2021 28 320 14 163 1.3% 1.02 [0.55, 1.88] T
Begin 2021 (3) 75 343 40 173 4.2% 0.95[0.67, 1.33] B
REMAP-CAP 2021 (4) 352 1074 300 904 24.4% 0.99[0.87,1.12] b
RECOVERY 2021 (5) 1399 5795 1408 5763 58.7% 0.99 [0.93, 1.05] | |
Subtotal (95% Cl) 8303 7651  93.2% 0.98 [0.93, 1.04]
Total events 1925 1828
Heterogeneity: Tau? = 0.00; Chi? = 4.38, df = 8 (P = 0.82); I? = 0%
Test for overall effect: Z = 0.56 (P = 0.58)
1.1.2 Covid (not high titre)
Al Qahtani 2021 1 20 2 20 0.1% 0.50 [0.05, 5.08] —
Bar 2021 2 40 10 39 0.2% 0.20 [0.05, 0.83]
Kirenga 2021 10 69 8 67 0.7% 1.21[0.51, 2.89] T
Li 2020 8 51 12 50 0.8% 0.65[0.29, 1.46] e
Agarwal 2020 34 235 31 229 2.4% 1.07 [0.68, 1.68] T
Begin 2021 (6) 66 271 23 134 2.6% 1.42[0.93, 2.17) [
Subtotal (95% Cl) 686 539  6.7% 0.95 [0.62, 1.44] L 2
Total events 121 86
Heterogeneity: Tau? = 0.11; Chi? = 8.94, df = 5 (P = 0.11); I = 44%
Test for overall effect: Z = 0.25 (P = 0.80)
1.1.3 Influenza (any titre)
Beigel 2017 1 42 5 45 01% 0.21[0.03, 1.76] — 0000060
Subtotal (95% Cl) 42 45 0.1% 0.21[0.03, 1.76] i
Total events 1 5
Heterogeneity: Not applicable
Test for overall effect: Z = 1.43 (P = 0.15)
Total (95% ClI) 9031 8235 100.0% 0.99 [0.92, 1.06]
Total events 2047 1919
Heterogeneity: Tau® = 0.00; Chi* = 15.66, df = 15 (P = 0.41); I = 4% oot oh P 0

Test for overall effect: Z = 0.41 (P = 0.69)

Test for subgroup differences: Chi? = 2.04, df = 2 (P = 0.36), 1= 2.0%
Footnotes

(1) Mortality reported at 21 day timepoint for Koerper 2021.

(2) Denominators are "modified" ITT

(3) 1/4 CP suppliers in this study provided high titre.

(4) HR 0.95 (0.84 to 1.09) HRs converted to conventional form (<1 favours intervention). Credible intervals...

(5) Adjusted rate ratio (adjusted for sex imbalance in recruitment) 1.00 (0.93 to 1.07) p=0.95
(6) 3/4 CP suppliers in this study provided unselected titre.

Favours CP  Favours SC or placebo

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)

(G) Other bias

(b) 90-day mortality

C I 1t pl dard care or saline Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Rand 95% CI
1.3.1 Covid (high titre)
Gharbaran 2020 (1) 6 43 11 43 5.6% 0.55[0.22, 1.34]
Korper 2021 (2) 1" 53 17 52 9.7% 0.63 [0.33, 1.22]
Begin 2021 156 625 69 313 32.7% 1.13[0.88, 1.45]
REMAP-CAP 2021 409 1072 350 900 48.1% 0.98 [0.88, 1.10]
Subtotal (95% Cl) 1793 1308 96.1% 0.97 [0.81, 1.17] 4
Total events 582 447
Heterogeneity: Tau? = 0.01; Chi? = 4.59, df = 3 (P = 0.20); I> = 35%
Test for overall effect: Z = 0.31 (P = 0.76)
1.3.2 Covid (not high titre)
Rasheed 2020 (3) 1 21 8 28 12% 0.17 [0.02, 1.23] I —
Pouladzadeh 2021 (4) 3 30 5 30 27% 0.60 [0.16, 2.29] 1
Subtotal (95% CI) 51 58 3.9% 0.39[0.12, 1.32] P
Total events 4 13
Heterogeneity: Tau? = 0.12; Chi? = 1.15, df = 1 (P = 0.28); I> = 13%
Test for overall effect: Z = 1.51 (P = 0.13)
Total (95% Cl) 1844 1366 100.0% 0.92 [0.74, 1.15] 4
Total events 586 460 ) ) ) )
Heterogeneity: Tau? = 0.02; Chi* = 8.16, df = 5 (P = 0.15); I = 39% 0701 071 1'0 10'0

Test for overall effect: Z = 0.72 (P = 0.47)

Test for subgroup differences: Chi? = 2.09, df = 1 (P = 0.15), I? = 52.2%
Footnotes

(1) Reported at 60 day timepoint.

(2) Reported at 60 day timepoint

(3) Mortality reported at 56 day timepoint.

(4) Reported at 60 day timepoint

FIGURE 2 Forest plot of all-cause mortality, for comparison 1 (CP compared to SoC or a biologically inactive placebo) at up to (A) 30 days,

and (B) 90 days

Favours CP Favours SC or placebo

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias
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randomisation being assigned O, and people who remained ventilator-
free beyond day 21 being assigned 22. This is a useful way to compare
the two groups while accounting for the very different possible out-
comes but the resulting odds ratio (OR) and medians are difficult to
interpret. No other trials used these methods and so we cannot combine
the results but instead report the summary within Table A4 in Data S1.

Duration of viral detection was expressed as time (median IQR) to
first negative test (2 RCTs).23%¢ One study,25 reported the number
of patients who had had two consecutive negative tests by day 30.
See table A5 for viral detection data and table A6 for details of
changes in viral loads.

44 | ROB inincluded studies

441 | RCTs (using Cochrane ROB1)

Nineteen RCTs were open-label, comparing CP to SoC, and were
therefore assessed as having a high ROB for all outcomes except mor-
tality, as knowledge of treatment allocation may have affected clinical
decision-making. A summary of ROB judgements is available in
Table A7 and Figure A1l in Data S1.

442 | Non-RCTs (using ROBINS-I)

Two non-RCTs*%>! were assessed at serious RoB for selection bias

53-61 were at

and confounding at baseline. The remaining 9 studies
critical ROB due to baseline confounding or selection bias and were

therefore not meta-analysed.

4.5 | Certainty of the evidence (GRADE)

Certainty of the evidence was GRADEd as very-low to high; primary
reasons for downgrading were ROB and imprecision (wide confidence
intervals and small sample size) (Tables A8-A11 in Data S1). We
assessed publication bias through the generation of a funnel plot
(Figure A2 in Data S1) for 30-day mortality in comparison 1, which sug-
gests that some small studies have not been published. However, this
was not significant enough to downgrade the certainty of the evidence
because the analysis is dominated by two large, high-quality, and RCTs.

4.6 | Effect of the Intervention

See Table 1 for an overview of meta-analysed results.
4.6.1 | Comparison 1: CP versus SoC or biologically
inactive placebo

Twenty RCTs and two retrospective studies assessed CP compared
with SoC or a biologically inactive placebo.

All-cause mortality
30-day mortality data were available from 15 RCTs (30 days, 5 RCTs;
28 days, 9 RCTs; 21 days, 1 RCT) (Figure 2a); 90-day mortality data
were available from 6 RCTs (56 days, 1 RCT; 60 days, 3 RCTs;
90 days, 2 RCTs) (Figure 2b).

Overall, CP did not reduce 30-day mortality (15 RCTs,
n = 17 266; moderate-to-high certainty of evidence [Table A8 and
footnotes in Data S1]) and there may be no effect on 90-day mortality
(6 RCTs n = 3210; low certainty of evidence [Table A8]).

Two non-RCTs reported in-hospital mortality, and showed results
consistent with the randomised evidence (2 studies, n = 436; very-
low certainty evidence) (Figure A3A Table A8 in Data S1).

Improvement of clinical symptoms

Duration of NIV was reported in 4 studies (2 RCTs),%24°%51 and dura-
tion of MV was reported by 11 studies (9 RCTs).3242528-30353839.5051
Two RCTs?”3! reported any ventilatory support, but did not differenti-
ate between MV, NIV, and passive oxygen support. One RCT?’
reported any ventilation, but also reported separately a composite out-
come of patients who progressed to MV or death. Most studies
reported the data as duration of support, either median (IQR) or mean
(SD) (Table A4 in Data S1).

These outcomes were very variably reported, and many did not
fully account for competing events, or report methods of analysis in
sufficient detail. Based on what was reported, there was no apparent
difference in duration of MV, NIV or ECMO support between the two

groups.

Length of stay (LOS): hospital and ICU

Length of hospital stay was reported by 16 RCTs2325-2830.31,38:39,42-47
and 1 non-RCT,’! and length of ICU stay was reported by 9
RCTs23:26:28:29.33,39.434547 (Taple A3 in Data S1). There was no evi-
dence of an effect in length of hospital stay or length of ICU stay
(Table A3 in Data S1).

Duration of viral detection from admission up to 30 days (viraemia,
nasopharyngeal swabs, bronchoalveolar lavage, stool)

The 3 RCTs which reported time to negative test do not suggest any
evidence of an effect (Table A5 in Data S1).

Adverse events
AEs due to transfusion were reported in 15 RCTs>7?273? (Table 510
in Data S1).

Seven RCTs reported no Grade 3 or 4 AEs due to transfu-
sion.22:24:26:27.31.35.39 Both non-RCTs reported AEs due to transfu-
sion. All but one RCT? had SoC comparators, and therefore no
transfusion-related SAEs are reported for the control group. Group
comparison was not possible; results are summarised in Table A12
of in Data S1.

There was no evidence of an effect on reported SAEs

(13 RCTs, n = 16 730, very-low certainty of evidence) (Figure A3B).
7,22,32-34,37,38

3,23-31,35,36,39

Data were not available on SAEs in seven RCTs.
See forest plots Figure A3 in Data S1 and GRADE profile
Table A8 in Data S1 for further detail.
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4.6.2 | Comparison 2: CP versus biologically active
control (FFP or IVIG)

RCTS assessed CP compared to FFP*0~4345 or [VIG*

All-cause mortality

There was insufficient evidence to say whether or not there is a dif-
ference between groups in all-cause mortality at up to 30 days (5 RCTs
n = 700; very-low certainty evidence, Figure A4A in Data S1), or at up
to 90 days (2 RCTs, n = 264; very-low certainty evidence Figure A4B
in Data S1). See forest plots Figures A4A and A4B in Data S1 and
GRADE profile Table A9 in Data S1 for further detail.

Adverse events

Six RCTs reported transfusion-related Grade 3 or 4 AEs.*9™%5
Events were rare (~2%) with no clear evidence of a difference
(6 RCTs, n = 716; very-low certainty evidence. [Figure A4C in
Data S1]). Four RCTs*0-4245 reported SAEs up to 30 days, showing
no evidence of an effect, although the rate of SAEs seems very
low, given the severity of disease in hospitalised individuals
(4 RCTs, n = 523; low certainty evidence, Figure A4D in Data S1).
See forest plots Figure A4 and GRADE profile Table A9 in Data S1
for further detail.

Improvement of clinical symptoms
Duration of MV*%*345 and any ventilatory support** were reported
as median (IQR) or mean (SD). Given the difficulties of dealing with
competing events, and the small number of patients involved, it is very
unclear if CP therapy had any effect on the duration of MV, NIV or
ECMO support between the two groups. We have presented the data
in Table A4 in Data S1 as reported by the individual studies.

Data were not available for LOS (hospital or ICU), and duration of

viral load.

4.6.3 | Comparison 3: hyperimmune
immunoglobulin versus control

Three assessed hlVIG compared with SoC or a biologically inactive

placebo.

All-cause mortality

There was insufficient evidence to say whether or not there is an
effect on mortality compared to control at up to 30 days (3 RCTs
n = 392; very-low certainty evidence) (Table 1, Figure A5A, Table A10
in Data S1). There were no data for 90-day mortality.

Adverse events

Two RCTs reported transfusion-related AEs; neither reported any AEs
due to transfusion in either group (2 RCTs, n = 84; very-low certainty
evidence, Figure A5B in Data S1). Two RCTs reported SAES (2 RCTs
n = 342; very-low certainty evidence. [Figure A5C in Data S1]). See
forest plots Figure A5 and GRADE profile Table A10 in Data S1 for
further detail.

Improvement of clinical symptoms
One RCT in influenza*® reported on duration of MV and NIV. How-
ever, the data were presented using an ordinal scale that was not
mappable to our outcomes or other trial results, and we were unable
to extract the data.

Data were not available for LOS (hospital or ICU), and duration of

viral load.

464 | Comparison 4: early CP versus deferred CP

One RCT assessed early CP compared to deferred CP.

All-cause mortality

There was insufficient evidence to say whether there is a difference
in 30-day mortality between early CP and deferred CP (1 RCT n = 58;
very-low certainty of evidence) (Figure A6 in Data S1). There were no
data for 90-day mortality. See forest plots Figure A6 and GRADE pro-
file Table A11 in Data S1 for further detail.

Adverse events

There were three Grade 3 or 4 transfusion-related AEs within 24 h,
all in the early CP group: (1 RCT n = 58, very-low certainty evi-
dence) (Table A12 in Data S1). SAEs were not reported. See forest
plots and GRADE profile Table A11 in Data S1 for further detail.

Improvement of clinical symptoms
Duration of MV and NIV was reported as median (IQR). We have
presented the data in Table A4 in Data S1 as reported by the RCT.
Both groups had similar duration of ventilatory support. It is unclear if
the authors accounted for competing events.

Data were not available for LOS (hospital or ICU), and duration of

viral load.
4.7 | Results from uncontrolled studies
(for safety only)

We identified 73 non-randomised or uncontrolled studies [49 case
reports or case series] that assessed the use of CP or hlVIG in respiratory
viral infection and reported AEs: 12 in influenza A, 2 in MERS-CoV, and
4 in SARS-CoV-1, and 67 in SARS-CoV-2 (COVID-19). Of the influenza
studies, 10 were from the 1918 to 1920 pandemic. Fifty-one studies
reported that no AEs were observed (37/49 case reports or case series).
Eighteen studies reported transfusion-related AEs, and four studies
reported other SAEs. These data are presented in Appendix B in Data S1.

4.8 | Post hoc subgroup analysis: seropositivity
at baseline

Three RCTs,>2%¢2 including the two largest, reported 30-day mortality
for subgroups defined by seropositivity at baseline. These results are
shown in Figure 3.
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Convalescent plasma Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
1.3.1 Antibody positive at baseline
Avendano-Sola (Ab+) 0 48 3 61 0.1% 0.18 [0.01,3.42] ¢
REMAP-CAP (Ab+) 190 597 135 405 13.7% 0.95[0.80, 1.14] ™
RECOVERY (Ab+) 575 3078 501 2810 32.7% 1.05[0.94, 1.17] I’
Subtotal (95% CI) 3723 3276 46.5% 1.02[0.92, 1.12]
Total events 765 639

Heterogeneity: Tau? = 0.00; Chi? = 2.08, df =2 (P = 0.35); 12 = 4%
Test for overall effect: Z=0.37 (P =0.71)

1.3.2 Antibody negative at baseline

Avendaio-Sola (Ab-) 7 130 11 107 0.6%
REMAP-CAP (Ab-) 130 270 78 148 11.8%
RECOVERY (Ab-) 642 2016 558 1660 41.1%
Subtotal (95% ClI) 2416 1915 53.5%
Total events 779 647

Heterogeneity: Tau? = 0.00; Chi* = 1.68, df = 2 (P = 0.43); 1= 0%
Test for overall effect: Z = 1.54 (P =0.12)

Total (95% CI) 6139 5191 100.0%

Total events 1544 1286
Heterogeneity: Tau? = 0.00; Chi? = 5.60, df =5 (P = 0.35); 2= 11%
Test for overall effect: Z=0.80 (P = 0.42)

Test for subgroup differences: Chi? = 1.63, df = 1 (P = 0.20), I> = 38.7%

FIGURE 3
inactive placebo)

With almost all the information coming from the two large, high-
quality RCTs,>%C the pooled estimates from these three RCTs are: RR
1.02 (0.92 to 1.12) for people who are seropositive at baseline and
0.94 (0.86 to 1.02) for those who are seronegative. The test for inter-
action (subgroup difference) gives a p-value of 0.20 with very little
heterogeneity either within or between groups.

We explored this further using meta-regression on the group of
trials comparing high titre CP with SoC which reported the proportion
seropositive at baseline and 30-day mortality. This analysis produced
near identical results with an estimated RR at 0% seropositivity of
0.93 (0.85, 1.01) and 1.02 (0.93, 1.12) at 100% seropositivity (See
Appendix A6 in Data S1. Mortality results are summarised in
Table A14 in Data S1).

5 | DISCUSSION

The objective of this review was to determine the safety and effec-
tiveness of CP or hIVIG from CP to treat patients with serious respira-
tory disease due to influenza or coronavirus infection. In order to
increase the relevance of our findings to the COVID-19 pandemic we
used the core outcome set®® for assessing treatments for patients
infected with SARS-CoV-2. We aimed to use high-quality evidence
from RCTs to assess safety and effectiveness. We also used all other
study designs to describe serious harms reported following transfu-
sion with CP or hIVIG.

51 | Main findings

We were able to meta-analyse 32 studies for our primary outcome of
30-day mortality (30 RCTs and 2 non-RCTs). We found little evidence

0.52[0.21, 1.30] I
0.91[0.75, 1.11] —
0.95[0.86, 1.04] :
0.94 [0.86, 1.02]

0.97 [0.91, 1.04] 4

02 05 1 2 5
Favours CP  Favours control

Subgrouped by seropositivity at baseline: RCTs reporting 30-day mortality for comparison 1 (CP compared to SoC or a biologically

of any difference between the groups in either benefits or harms for
patients hospitalised with a severe viral respiratory infection requiring
hospital admission. Most evidence was of low or very-low certainty.
The only high-certainty evidence was for the COVID high-titre sub-
group in the outcome all-cause mortality at up to 30 days in CP versus
SoC (Table 1).

Adverse events were variably reported. No RCTs reported
a high number of transfusion-related AEs (proportion 0% to
5.67%322724.26,27,31,35,38,39,43,44.46.47y (yery-low to low certainty
evidence). There was no evidence of an increase in harms com-

pared with standard plasma.

5.2 | Quality (certainty) of the evidence

Where meta-analysis was possible, we used GRADE to assess our cer-
tainty in the result (Table 1). Certainty in the evidence was assessed
as very-low to low certainty for all outcomes apart from mortality data
in the comparison CP versus standard care.

Evidence was downgraded for serious ROB (lack of blinding,
baseline imbalance, randomisation processes, missing data and unclear
reporting of outcomes) and imprecision (wide confidence intervals
around the effect estimate, and small sample sizes for the outcome of
interest). Some of the sources of potential bias (such as patient and
personnel blinding) would be hard to overcome in future trials due to
the issues in finding an ethical control infusion: even saline is problem-
atic, with the risk of volume overload, and ease with which it can be
differentiated from plasma.

SAEs were also downgraded for inconsistency as the heterogene-
ity was significant between studies, this is likely to be due to the vari-
ation in reporting of the SAEs. This may be in part due to differing
regulatory environments and different classifications of CP, requiring
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varying levels of AE reporting including the need to use a grading sys-
tem (e.g., MedDRA%%).

We included lower-level evidence for the assessment of safety
outcomes. However, we were unable to perform quantitative ana-
lyses, and so have only presented these data as reported in Appendix
B in Data S1.

There were very few endpoints reported consistently enough for
meta-analysis. The difficulty in defining endpoints, especially time-to-

event endpoints,®® is discussed further in Appendix A6 in Data S1.

5.3 | Strengths and Limitations of this review

We have attempted to minimise potential bias in the review process,
using Cochrane methods and PRISMA guidelines for reporting. We
conducted a comprehensive search: searching data sources to ensure
that all relevant studies would be captured, using multiple databases
and reference lists of included studies. We included conference pro-
ceedings and included a search of clinical trial registries. We also
attempted to contact authors for additional data and for clarification
of their data.

There were no restrictions for the language in which the paper
was originally published. We pre-specified outcomes prior to analysis
and have explained the rationale for including one additional outcome
(any SAEs).

We undertook duplicate screening, data extraction, and assess-
ment of bias. Additionally, the clinical advisor (LE) was consulted for
disagreements, or need for clarification.

The limitations of this review mostly arose due to gaps in the evi-

dence base, which are discussed more fully in the next section.

5.4 | Interpretation and context

A recent analysis of individual patient data (IPD) pooled from eight
RCTs’ IPD reported an OR for mortality of 0.85 at day 28 (95% credi-
ble interval, 0.62 to 1.18; posterior probability of OR <1 of 84%).
These results are broadly comparable and in agreement with our own
aggregate analyses for 30-day mortality. However, it should be noted
that the IPD analysis included two RCTs®®¢” published after our 30th
November 2021 cut-off, but did not include the two largest RCTs of
CP RECOVERY® and REMAP-CAP®® which we have analysed, and
which together contribute 83% of sample size contributing to our
analysis of 30-day mortality for CP versus SoC.

A limitation of the current evidence base is that of the 30 RCTs
and two non-randomised studies included in our meta-analysis,
26 studies (24 RCTs) excluded children and 16 RCTs excluded preg-
nant women, with 1 RCT®? admitting pregnant women only on the
second round of recruitment. Given that children and pregnant
women are both considered to be at increased risk of serious disease
and death from many severe respiratory viral infections, their exclu-
sion from trials is concerning. Of the 144 ongoing studies we identi-

fied, most trials will exclude children and pregnant women. Many
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ongoing studies have an upper age cut-off (of 65, 70 or 80 years),
despite older age being one of the biggest risk factors for COVID-19.

The precision of our meta-analysis was affected by the different
titres of CP-neutralising antibodies between trials (Table A1 in
Data S1). We tried to address this by subgrouping studies based on the
CP-titre reported, and whether it was considered high enough accord-
ing to FDA criteria (see Appendix A3 in Data S1). However, several
studies used local assays that could not be correlated with an FDA ref-
erence method. Since we conducted our first search, several variants of
SARS-CoV-2 have arisen worldwide and may require much higher anti-
body titres measured using ELISA assays.®® Much higher titre CP, from
vaccinated convalescent donors, may be active against future variants®’
indicating that new COVID CP trials should aim to use very high titre
CP standardised using internationally recognised methods.

Similarly, between trials, there was heterogeneity of patient groups
and severity of illness on admission to hospital (Table 1). The RCTs in
COVID may not have used the same criteria to categorise trial partici-
pants at enrolment and trials designed to treat different patient groups
based on comorbidities and immune states were absent. Several
COVID-19 studies reported clinical improvement using the WHO ordi-
nal scale. However, the scale was revised several times over the course
of 2020-2021, going from an 8-point scale’® to a 10-point scale at its
latest revision’* which have made comparisons between trials difficult.

The results of our post hoc subgroup analysis by seropositivity at
baseline are very similar to the results reported by RECOVERY alone.
We have not found stronger evidence of this potential interaction
than that reported by RECOVERY (with a similar trend also reported
by REMAP-CAP, especially for organ support-free days) but similarly,
we have not found any reason to discount the possibility that there is
a small but important interaction, with immunocompromised individ-
uals potentially benefitting more. This hypothesis is consistent with
the REGN-COV2 RECOVERY trial,?* which has shown no benefit of
monoclonal antibodies for seropositive patients who either have
advanced disease or who are immunocompetent. The very high base-
line risk of immunocompromised individuals might translate very small
relative risks into substantial absolute risk differences. REMAP-CAP
has recently reopened for immunocompromised people to test this
hypothesis.”?

5.5 | Implications for research and practice
There is currently no evidence for a benefit of CP in an unselected
population of patients hospitalised with coronaviruses or influenza. It
is likely that the titre of the CP and the immune response of the recip-
ient may both be important factors affecting response to treatment.
Studies should use CP of a high enough titre to elicit a biological
response, and report the actual titre used as well as the minimum as
described in the protocol. Matching variants between donor and
recipient may not be feasible, but viral variants circulating at the time
of collection of plasma and during the study should be recorded.
Studies should assess and publish antibody status (seropositivity)

at baseline in both intervention and control groups, and identify and
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report immunocompromised patients separately, to establish whether
certain groups of patients are more likely to benefit from this
intervention.

There are difficulties in designing truly blinded RCTs of CP or
hIVIG (see Reference 73 for review). There are ethical problems with
using a placebo which is assumed to have no clinical benefit, but has
known harms.”* One RCT?° used a saline placebo, with potential con-
cerns about volume overload, and six RCTs used a biologically active
control, (FFP in 5 RCTs,*°~4%4> and IVIG in one**) which raises addi-
tional concerns about transfusion reactions.

Unless reported explicitly by investigators, it was difficult to distin-
guish the AEs experienced following transfusion from the symptoms of
severe respiratory disease.”> This limited the number of RCTs that we
could include in our meta-analysis of AEs due to transfusion. There was
also substantial variability in the way that AEs were recorded and
reported in these studies. It was not always possible to determine the
severity of AEs, and different studies used different criteria for SAEs. In
some cases, it was hard to determine if SAE reporting was per event or
per patient, making it extremely difficult to compare rates of AEs
between studies. Blood components in the UK are not classified as
medicines and so require a different grading system for reporting AEs
to countries that classify CP as a medicine, e.g. Germany. A consensus
on how AEs associated with blood products are reported in RCTs
would help to address this problem.

6 | CONCLUSION

This review has highlighted several issues regarding study design and
reporting which should be addressed in current and future research. A
minimum titre should be established and ensured for a positive biolog-
ical response to the therapy. Further research on the impact of
CP/hIVIG in patients who have not produced antibodies to the virus
prior to hospital admission or who are immunocompromised would be
useful to target therapies at groups who will potentially benefit
the most.
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