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1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19) has caused a worldwide
pandemic with over 323 million confirmed cases and over 5.5 million
deaths reported by the World Health Organisation (WHO) as of 16
January 2022.1 The pathogenesis of COVID-19 seems to be driven
not only by the direct viral damage, but also by an overly aggressive
host inflammatory responses.? As such, anti-inflammatory treat-
ments - dexamethasone,® IL-6 receptor antagonists* and Janus ki-
nase inhibitors>-have shown efficacy in reducing mortality in
hospitalised COVID-19 patients. Additionally, meta-analyses results
have found that Janus kinase inhibitors have been associated with an
increased recovery rate, shorter time till recovery and a reduction of
clinical deterioration risk in COVID-19 patients,® while tocilizumab
has been shown to have a beneficial effect on multiple biomarkers of
COVID-19 disease such as C-reactive protein, d-dimer, ferritin,
procalcitonin and lymphocyte levels.”

Intravenous immunoglobulin (IVIg) has been suggested and used
as a treatment option in COVID-19 patients, with the potential to
target both the viral, as well as the inflammatory segment of the
disease's pathogenesis.® IVIg has previously been successfully used in
several inflammatory and autoimmune conditions with multiple pro-
posed immunomodulatory mechanisms of action: neutralisation of
autoantibodies, modulation of the synthesis and release of cytokines/
chemokines, expansion of regulatory T-cells, regulation of dendritic
cell activity and other,” which were all suspected of having a potential
beneficial effect in COVID-19 patients as well. Additionally, as IVIg is
a pooled plasma product from a large number of individuals, it in-
cludes neutralisation activity against various pathogens including
SARS-CoV-2. Anti-SARS-CoV-2 antibodies have been detected in
IVIg donor plasma pools in Europe and the USA as early as May 2020,
with reports of increasing antibody levels up to September 2021 with
neutralisation activity directed against pseudoviruses representing
the wild-type virus as well as alpha, beta, gamma, and delta variants,°
although the clinical relevance of such antibodies remains unknow.

A relatively large number of published retrospective studies
suggested that IVIg has been extensively used in COVID-19 patients,
especially in China, while the clinical benefits of such practice
remained unknown. A meta-analysis on the topic published in April
2021 by Xiang H. et al. Concluded that 1VIg could reduce mortality in
hospitalised critically ill COVID-19 patients, although further well
designed clinical trials were required to confirm the results.** A
newer meta-analysis published in January 2022 by Focosi D. et al.
Failed to find a beneficial effect of IVIg on patient mortality, but it
demonstrated that 1VIg significantly reduced the length of hospital
stay when given to moderately ill COVID-19 patients.!? In the
meantime, further studies on this topic were conducted, most notably
a double-blind, placebo-controlled, phase 3 trial in severely ill
COVID-19 patients that was published in the Lancet Respiratory
Medicine.'® In contrast to the previously reported meta-analysis’ re-
sults,** the study by Mazeraud et al.*® found no benefit of IVIg
treatment in critically ill COVID-19 patients. Considering the avail-

ability of results of additional studies which were not included in the

meta-analyses conducted earlier, there was a need to further syn-
thetise and analyse the published data regarding this topic. Thus, in
this systematic review and meta-analysis we aimed to assess whether
intravenous immunoglobulin treatment (IVIg) has any impact on
mortality or hospitalisation duration in hospitalised adult COVID-19
patients.

2 | METHODS

This systematic review and meta-analysis was written in accordance
with the Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) checklist.**

2.1 | Search strategy

Two investigators (RM and VMD) independently searched PubMed,
Scopus, Web of Science and medRxiv with the search phrase
(‘intravenous immunoglobulin’ OR ‘IVIG’ OR ‘IVIg’) AND (‘COVID-19’
OR ‘SARS-CoV-2’ OR ‘SARS-COV-2' OR ‘Coronavirus Disease 2019’)
in the week of 20.12.2021.

2.2 | Eligibility criteria

We included studies exploring whether the use of IVIg compared to
the standard of care alone or plus placebo in adult hospitalised
COVID-19 patients had any impact on patient mortality or length of
hospital stay. Regarding study design, we included prospective, rand-
omised controlled trials and retrospective studies with control groups.
Only English language articles were included. Exclusion criteria were:
studies evaluating the use of IVIg in paediatric COVID-19 cases, trials
using convalescent anti-SARS-CoV-2 plasma or immunoglobulins
derived from convalescent anti-SARS-CoV-2 plasma.

2.3 | Data extraction and quality assessment

Outcomes of interest were mortality and duration of hospitalisation.
Data extraction was done independently by 2 authors (RM and
VMD). With regards to mortality, the total numbers of patients in the
experimental (IVIg) and control groups as well as the number of
deceased patients were extracted. If multiple timepoint mortality
data was reported in a particular study, the 28-day mortality was
used. Regarding the duration of hospital stay, data reporting on the
mean and standard deviation (SD) of days of hospitalisation for both
groups were retrieved. If a study reported median and interquartile
range (IQR) values, the mean and SD values were estimated by an
online calculator (https://tinyurl.com/2p9db7mk) using methods
described by Luo et al.’> and Wan et al.*® One author (IR) conducted
the risk of bias assessment using the RoB-2'7 tool for randomised

studies and the ROBINS-1*® tool for nonrandomised ones.
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2.4 | Statistical analysis

Meta-analysis was conducted in the R (v. 4.0.5) programing language
using the ‘meta’ package.’” A random effects model was used to
conduct all meta-analyses due to heterogeneity of included studies.
Effect measures used were risk ratio (RR) for mortality and mean
difference (MD) for length of hospitalisation, 95% confidence in-
tervals were used to assess certainty of results. The mortality
outcome meta-analysis was conducted using the Mantel-Haenszel
method and length of hospitalisation outcome was calculated using
the inverse variance method. Tau was estimated using the Paule-
Mandel estimator and a continuity correction of 0.5 was used in
studies with zero cell frequencies. Heterogeneity was assessed by 12,
its 95% confidence interval and the Chi test p value, with values of |2
less than 30% being considered as low heterogeneity, 30%-60% as
moderate heterogeneity and greater than 60% as high heterogeneity.
Simple meta-regression was conducted using a mixed-effects model
(tau estimator: restricted maximum likelihood (REML)) to evaluate
the potential impact of total estimated IVIg dose and the time of
study conduction on outcomes of interest. In all meta-regressions
only the predictor and outcome variables were used. Subgroup an-
alyses were conducted with regards to study types (retrospective and
prospective) and patient disease severity. The patients' disease
severity was assessed according to study inclusion criteria as well as
to the World Health Organization definition of severity; Critical
group: defined by the criteria for acute respiratory distress syndrome
(ARDS), sepsis, septic shock, or other conditions that would normally
require the provision of life-sustaining therapies such as mechanical
ventilation (invasive or non-invasive) or vasopressor therapy. Severe
group; defined by any of the following: oxygen saturation <90% on
room air, signs of severe respiratory distress (accessory muscle use,
inability to complete full sentences, respiratory rate >30 breaths per
minute). Non-severe group; defined as absence of any criteria for
severe or critical COVID-19.2° Possible publication bias was evalu-
ated using funnel plots and Egger's test.

3 | RESULTS

3.1 | Study selection and overview

Our online database search identified 949 studies, out of which 13
studies were identified after screening and included in this meta-
analysis. PRISMA flow diagram can be seen on Figure 1. A total of
6 studies were excluded for not reporting on an adequate control
group,21-26
perimmune anti-SARS-CoV-2 serum

while 3 studies reported on convalescent plasma or hy-
27-2% and some assessed studies
were reviews, commentaries or publications that did not report any
new data.

Studies' characteristics can be seen in Table 1. From the 13
included studies, 7 were retrospective cohort studies®®~%¢ and 6
were prospective studies.?>3”741 From the 6 prospective studies, 2

were randomised placebo controlled double-blind trials, 2

randomised open-label trials, 1 was a randomised placebo controlled
open label trial and 1 was a non-randomised open-label prospective
study. A relatively large number of studies were conducted in China
(n = 5) and IVIg doses and therapy duration varied across studies,
with the smallest approximated total dose being 59g and the
largest 210g.

3.2 | Mortality

Results from a total of 13 studies reporting on 2313 (IVIg = 1104,
control = 1209) patient outcomes have been included in this meta-
analysis. No statistically significant impact of IVIg treatment on
mortality was observed (RR 0.91 [0.59; 1.39], p = 0.65), with high
interstudy heterogeneity (I? = 69% [46%; 83%]), Figure 2.

No significant difference (p = 0.31) was observed in the subgroup
analysis between retrospective cohort studies (RR 1.13 [0.56; 2.30],
p =0.73, I> = 77% [53%; 89%]) and prospective studies' results (RR
0.73 [0.45; 1.18],p = 0.20, 12 = 57% [0%; 83%)), Figure 3a. Subgroup
analysis regarding patient severity according to the WHO disease
severity criteria, Figure 3b, indicated there was no statistically sig-
nificant effect of 1VIg on mortality neither in non-severe (RR 1.44
[0.09; 23.33], p = 0.80, 2 = 35%), nor in severe (RR 0.82 [0.43; 1.57],
p = 055, 12 = 57% [0%; 81%)) nor in critically ill patients (RR 0.86
[0.45; 1.57], p = 0.56, I> = 87% [71%; 94%)), with no significant
subgroup differences (p = 0.93). No statistically significant effect was
found in the additional analysis regarding both the study type and
patient disease severity, Figures 3c,d respectively. Meta-regression
found no statistically significant impact of approximated total IVIg
dose or time of study conduction on the mortality outcome, Sup-
plement Figures 3 and 5, respectively.

3.3 | Length of hospitalisation

Only 10 out of 13 studies reported on the length of hospitalisation.
Corresponding authors of the 3 studies have been contacted via
email, however no reply was received. Consequently, a total of 1044
(IVIg = 492, control = 552) patient outcomes were included in the
meta-analysis regarding the length of hospital stay. No statistically
significant impact of 1VIg treatment on length of hospitalisation was
observed (MD 0.51 [-2.80; 3.81], p = 0.76), with high interstudy
heterogeneity (12 = 96% [94%; 98%]), Figure 4.

In the subgroup analysis, no significant difference (p = 0.17) was
observed between retrospective cohort studies (MD 3.06 [-1.76;
7.87],p=0.21, I?> = 92% [84%: >96%)]) and prospective studies' results
(MD=1.45 [-5.62; 2.72],p = 0.50, I> = 97% [94%; 89%)), Figure 5a.
Subgroup analysis regarding patient severity according to the WHO
disease severity criteria, Figure 5b, showed no statistically significant
effect of IVIg on the length of hospitalisation neither in the non-
severe (MD —4.74 [-14.61; 5.14], p = 0.35, I = 99% [97%; 99%)),
nor severe (MD 3.11 [-0.12; 6.35], p = 0.06, I?> = 80% [57%; 91%]) nor
in critically ill patients (MD 2.56 [-3.82; 8.95], p = 0.43, I> = 80%
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FIGURE 1 PRISMA flow diagram

[38%; >94%]), with no significant subgroup differences (p = 0.33).
Moreover, no statistically significant effect was found in further
analysis regarding both the study type or patient disease severity
regarding the retrospective cohort studies, Figure 5c, however the
results from the prospective trials suggested that IVIg treatment in
severe patients may increase the length of hospitalisation (MD 2.66
[1.43; 3.90], p < 0.01, I2 = 0% [0%; >90%)), Figure 5d. Meta-regression
found no statistically significant impact of approximated total 1VIg
dosing or time of study conduct on the length of hospitalisation
outcome, Supplement Figures 4 and 6, respectively.

3.4 | Bias assessment and certainty of evidence

Funnel plots and Eggers's test indicated no publication bias for
mortality (p = 0.78) or length of hospitalisation (p = 0.8) outcomes,
Figure 6. Overall risk of bias assessment of the included studies can
be seen on Figure 7. randomised studies had a better risk assessment,
with 2 studies having a low risk and 3 studies having some concerns.
Non-randomised studies had mostly a moderate risk of bias, although

3 studies had a serious risk of bias due to confounding. Looking at the

conducted subgroup analysis according to study design, retrospective
studies had an overall higher risk of bias, with no study having low
risk, 5 studies having a moderate risk and 2 studies having a high risk
of bias. On the other hand, the prospective studies subgroup had a
more favourable risk of bias, with 2 studies having a low overall risk
of bias, 3 having some concerns and 1 study (Farrokhpour) having
serious risk of bias. Despite the marked difference in the risk of bias
assessment, no statistically significant difference was observed in
results between the 2 subgroups (p = 0.31). Furthermore, sensitivity
analysis of the prospective study results also showed no difference in
the meta-analysis results due to the risk of bias of the included
studies, Supplement Figure 7. The certainty of evidence is assessed to
be low due to potential risk of bias and inconsistency due to high

statistically significant heterogeneity of the included studies.

4 | DISCUSSION

Results from a total of 13 studies, reporting on the use of IVig
therapy in hospitalised adult COVID-19 patients were pooled and

analysed in this meta-analysis. Overall, our results suggest that IVIg
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IVig Control Risk Ratio Risk Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% ClI
Ali, 2021 43 118 18 118 10.7% 2.39[1.47; 3.89] =
Cao, 2021 1 26 25 89 3.5% 0.14[0.02; 0.96] —8—
Esen, 2021 20 51 26 42 11.2% 0.63[0.42; 0.96] as
Farrokhpour, 2021 6 23 27 43 92% 0.42[0.20; 0.86] -
Gharebaghi, 2020 6 30 14 29 86% 0.41][0.18; 0.93] —-
Hou, 2021 9 47 4 66 6.7% 3.16[1.03; 9.65] =
Houang, 2021 1 45 0 90 1.6% 5.97[0.25; 143.59] —_—
Liu, 2021 253 406 263 406 12.4% 0.96[0.87; 1.07] [%L
Mazeraud, 2021 24 69 20 77 10.7% 1.34[0.82; 2.20]
Raman, 2021 0 47 1 49 16% 0.35[0.01; 8.32] —_—
Sakoulas, 2020 1 16 3 17 3.0% 0.35[0.04; 3.06] —
Shao, 2020 22 174 20 151 10.2% 0.95[0.54; 1.68]
Tabarsi, 2021 24 52 14 32 10.7% 1.05[0.65; 1.72]
Total (95% CI) 1104 1209 100.0% 0.91[0.59; 1.39]

[ I
0.01 01 1

1 1
10 100

Heterogeneity: Tau’ = 0.3792; Chi® = 39.07, df =12 (P < 0.01); ? = 69% [46%; 83%]
Test for overall effect: Z =-0.45 (P = 0.65)

FIGURE 2 Meta-analysis results and forest plot of the effect of intravenous immunoglobulin (IVIg) treatment on hospitalised COVID-19
patient mortality. MH, Mantel-Haenszel method

(a) (b) Study or IVig  Control Risk Ratio Risk Ratio
Subgroup Events Total Events Total Weight MH, Random,95% CI  MH, Random, 95% CI

Severity = non-severe
Study or Vig Control Risk Ratio Risk Ratio Houang, 2021 1 45 0 9 15% 5.97[0.25; 143.59] —_—
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Houang, 2021 1 45 0 90 16% 597[0.25 14359 — Cao, 2021 1 26 25 89 32% 0.14[0.02; 0.96]
Liu, 2021 253 406 263 406 124% 0.96[0.87; 1.07] E Gharebaghi, 2020 6 30 14 29 82% 041[0.18; 0.93]
Shao, 2020 22 174 20 151 102% 0.95[0.54; 1.68] Hou, 2021 9 47 4 66 64% 3.16[1.03; 9.65]
Total (95% Cl) 867 962 56.3% 1.13[0.56; 2.30] Liu, 2021 253 406 263 406 119% 096[0.87; 1.07]
Heterogeneity: Tau® = 0.6482; Chi* = 26.56, df = 6 (P < 0.01); I = 7% [53%; 89%] Sakoulas, 2020 1 16 3 17 28% 035[0.04; 3.06]
Test for overall effect: Z = 0.35 (P = 0.73) Shao, 2020 (b) 3 103 3 119 43% 1.16[0.24; 560]

Tabarsi, 2021 24 52 14 32 102% 1.05[065 172
type =PRS Total (95% CI) 680 758 47.0% 0.82[0.43; 1.57]
Farrokhpour, 2021 6 23 27 43 92% 0.42[0.20; 0.86] Heterogeneity: Tau® = 0.4555; Chi’ = 13.36, df = 6 (P = 0.04); I = 55% [ 0%; 81%]
Gharebaghi, 2020 6 30 14 29 86% 041[0.18; 093] Test for overall effect: Z = -0.59 (P = 0.56)
Mazeraud, 2021 24 69 20 77 107% 1.34[0.82; 220]
Raman, 2021 0 47 149 16% 035001, 832 Severity = critical
Sakoulas, 2020 1 16 3 17 30% 035[0.04; 3.06] Ali, 2021 43 118 18 118 103%  2.39[1.47; 3.89
Tabarsi, 2021 24 52 14 32 107% 1.05[0.65 172 Esen, 2021 20 51 26 42 107% 0.63[0.42; 0.96]
Total (95% Cl) 237 247 437%_ 0.73[0.45; 1.18] Farrokhpour, 2021 6 23 27 43 87% 042[0.20; 0.86]
Heterogeneity: Tau® = 0.1526; Chi® = 11.68, df = 5 (P = 0.04); I* = 57% [ 0%; 83%] Mazeraud, 2021 24 69 20 77 102% 1.34[0.82; 2.20]
Test for overall effect: Z = -1.29 (P = 0.20) Shao, 2020 (a) 19 7 17 32 102% 050[0.30; 0.83]

332 312 50.0% 0.86[0.45; 1.62]

Total (95% Cl)
Total (95% Cl) 1104 1209 100.0% _ 0.91[0.59; 1.39] [
Heterogeneity: Tau® = 0.3792; Chi® = 39.07, df = 12 (P < 0.01); I* = 69% [46%; 83%] f
Test for overall effect: Z = -0.45 (P = 0.65) 0.0
Test for subgroup differences: Chi?=1 02,df=1(P=0.31)

Tau® = 0.4586; Chi” = 30.06, df = 4 (P < 0.01); I = 87% [71%; 94%]
effect: 2 =-0.47 (P = 0.63)

1 Test for overall
100

Total (95% Cl) 1104 1209 100.0% _ 0.86 [0.57; 1.30]
Heterogeneity: Tau’=0 3668; Chi* = 45 35, df = 13 (P < 0.01); P=71% [51%; 83%]

Test for subgroup differences: Chi*=4 24, df =2 (P =054)

Test for overall effect: Z = -0.72 (P = 0.47) 001 01 1 10 100
Test for subgroup differences: Chi?=0. 15,df =2 (P =0.93)
(c) (d)
Study or Vig Control Risk Ratio Risk Ratio
Subgroup Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI Study or Vig Control Risk Ratio Risk Ratio
Subgroup = RCS non-severe Subgroup Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Houang, 2021 145 0 90 35% 597[0.25 14359] group = PRS
Raman, 2021 0 47 1 49 21% 0.35[0.01;832]
Subgroup = RCS severe
Cao, 2021 1 26 25 89 70% 0.14[0.02; 0.96] — Subgroup =PRS severe
Hou, 2021 9 47 4 66 120% 3.16[1.03; 9.65] 8 Gharebaghi, 2020 6 30 14 29 183%  0.41[0.18;0.93] —
Liu, 2021 253 406 263 406 183% 0.96[0.87;, 1.07] 3} Sakoulas, 2020 1 16 3 17 43%  0.35[0.04;3.06]
Shao, 2020 (b) 3 103 3 119 89% 1.16[0.24; 5.60] a— Tabarsi, 2021 24 52 14 32 275% 1.05[0.65; 1.72] =
Total (95% Cl) 582 680 46.2% 0.97[0.31; 3.09] R Total (95% Cl) 98 78 501%  0.68[0.35; 1.33] -
Heterogeneity: Tau® = 0.9985; Chi® = 8.23, df = 3 (P = 0.04); I = 64% [ 0%; 88%] Heterogeneity: Tau® = 0.1480; Chi® = 4.31, df = 2 (P = 0.12); I = 54% [ 0%; 87%]
Test for overall effect: Z = -0.05 (P = 0.96) Test for overall effect: Z=-1.12 (P = 0.26)
Subgroup = RCS critical Subgroup = PRS critical
Ali, 2021 43 118 18 118 16.7%  239[1.47; 3.89] = Farrokhpour, 2021 6 23 27 43 204%  0.42[0.20;0.86] —+
Esen, 2021 20 51 26 42 171% 0.63[0.42; 0.96] o= Mazeraud, 2021 24 69 20 77 273% 1.34[0.82;2.20] 1=H
Shao, 2020 (a) 19 7 17 32 166% 050[0.30; 0.83] = Total (95% Cl) 92 120 47.7%  0.77[0.24; 2.42]
Total (95% Cl) 240 192 50.3%  0.91[0.35; 2.35] - Heterogeneity: Tau® = 0.5843; Chi? = 6.81, df = 1 (P < 0.01); > = 85% [41%; 96%]
Heterogeneity: Tau® = 0.6449; Chi” = 23.22, df = 2 (P < 0.01); I = 91% [78%; 97%] Test for overall effect: Z = -0.45 (P = 0.65)
Test for overall effect: Z=-0.19 (P = 0.85)
Total (95% CI) 237 247 100.0%_  0.73[0.45; 1.18] -
Total (95% Cl) 867 962 100.0%  1.02[0.53; 1.97] - Heterogeneity: Tau® = 0.1526; Chi® = 11.68, df = 5 (P = 0.04); I* = 57% [0%; 83%)]
Heterogeneity: Tau® = 0.6143; Chi® = 33.08, df = 7 (P < 0.01); I = 79% [59%; 89%)] Test for overall effect: Z = -1.29 (P = 0.20) 01 0512 10
Test for overall effect: Z = 0.06 (P = 0.95) 001 01 1 10 100 Test for subgroup differences: Chi*=0. 21, df =2 (P =0.90)

FIGURE 3 Subgroup analysis forest plots of the effect of intravenous immunoglobulin (IVIg) treatment on hospitalised COVID-19 patient
mortality. Figure 3(a) subgroup analysis according to study type, Figure 3(b) subgroup analysis according to patient severity, Figure 3(c) only
retrospective cohort studies (RCS) subgroup analysis according to patient severity, Figure 3(d) only prospective studies (PRS) subgroup
analysed according to patient severity. MH, Mantel-Haenszel method; RCS, retrospective cohort studies; PRS, prospective studies
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Raman, 2021 7.72 2.6900 47 17.50 5.0100 46 11.6% -9.78 [-11.42; -8.14] 52
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Total (95% Cl) 492 552 100.0% 0.51[-2.80; 3.81] <
Heterogeneity: Tau’ = 23.8578; Chi? = 220.49, df = 9 (P < 0.01); I = 96% [94%; 97%)] T
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FIGURE 4
of COVID-19 patients. 1V, Inverse variance method
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Meta-analysis results and forest plot of the effect of intravenous immunoglobulin (IVIg) treatment on length of hospitalisation
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Heterogeneity: Tau? = 23.8578; Chi® = 220.49, df = 9 (P < 0.01); I* = 96% [94%; 97%] 4 T Test for overall effect: Z = 0.79 (P = 0.43)

Test for overall effect: Z = 0.30 (P = 0.76) 1510 -5 0 5 10 15
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Test for subgroup differences: Chi® = 2.20, df = 2 (P = 0.33)

Study or vig Control Mean Difference Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Study or Vig Control Mean Dif Mean Dif =PRS H
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI Raman, 2021 772 26900 47 1750 50100 46 20.8% -9.78[-11.42;-8.14] =] i
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Houang, 2021 14.35 38290 45 1406 52740 90 219% 0.30[-1.26; 1.86] Subgroup = PRS severe i
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Total (95% CI) 175 249 60.1% 3.85[-2.36; 10.05] Test for overall effect: Z = 4.24 (P < 0.01)
Heterogeneity: Tau® = 27.3770; Chi® = 16.65, df = 2 (P < 0.01); I = 88% [66%; >96%]
Test for overall effect: Z=1.21 (P = 0.22) Subgroup = PRS critical
Farrokhpour, 2021 13.94 6.1790 17 1381 67940 16 17.3% 0.13[-4.31; 4.57]
Subgroup = RCS critical Mazeraud, 2021  36.48 13.0601 41 38.29 16.8356 46 14.4% -1.81[-8.11; 4.49]
Shao, 2020 (a) 25.59 15.1343 71 16.82 8.1484 32 18.0% 8.77[4.25,13.28] —8— Total (95% ClI) 58 62 31.7% -0.51[-4.14; 3.11]
Heterogeneity: Tau® = 0; Chi® = 0.24, df = 1 (P = 0.62); = 0%
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Heterogeneity: Tau® = 21.0833; Chi® = 43.13, df = 4 (P < 0.01); I = 91% [81%; 95%] ! T ! 1
Test for overall effect: Z = 1.83 (P = 0.07) 10 5 0 5 10 Total (95% ClI) 181 100.0% -1.45[-5.62; 2.72]

Test for subgroup differences: Chi° = 12.74, df =2 (P < 0.01)

Heterogeneity: Tau® = 21.0568; Chi® = 143.47, df = 5 (P < 0.01); I* = 97% [94%; 98%]
Test for overall effect: Z = -0.68 (P = 0.50)
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1510 5 0 5 10 15

FIGURE 5 Subgroup analysis forest plots of the effect of intravenous immunoglobulin (IVIg) treatment on length of hospitalisation of
COVID-19 patients. Figure 5(a) subgroup analysis according to study type, Figure 5(b) subgroup analysis according to patient severity, Figure 5(c)
only retrospective cohort studies (RCS) subgroup analysis according to patient severity, Figure 5(d) only prospective studies (PRS) subgroup
analysed according to patient severity. IV, Inverse variance method; RCS, retrospective cohort studies; PRS, prospective studies

therapy provides no significant benefit regarding patient mortality or
length of hospitalisation, with results from prospective studies indi-
cating that 1VIg therapy may actually increase the length of hospital
stay in severe COVID-19 patients.

The results of this meta-analysis are partially in accord with a
previously conducted meta-analysis on the topic, but certain poten-
tial differences should be highlighted. The meta-analysis conducted

Ill

by Xiang et al.”* analysed 7 studies (all of which were included in our

analysis as well) using a fixed effect model and found no statistically
significant benefit for the severe and non-severe patient groups
regarding mortality but found a significant effect (RR 0.57 [0.42;
0.79]) in the critically ill COVID-19 patient group which favoured
IVIg treatment. Our literature search identified 6 additional studies, 3
of which reported on critically ill COVID-19, patients and found no
significant effects (RR 0.86 [0.45; 1.57]). A newer meta-analysis on

|12

the topic by Focosi D. et al.*~ analysed 10 studies (all of which are
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FIGURE 6 Funnel plots for mortality and length of hospitalisation

again included also in our analysis) and while they failed to find ef-
ficacy of IVIg regarding the patient mortality outcome, they did
detect a beneficial statistically significant effect (MD —2.24 [-3.20;
—1.27]) regarding the length of hospital stay in the moderate severity
patient subgroup. Interestingly, the results of our meta-analysis on
the other hand suggest, that IVIg may increase the length of hospi-
talisation for severe COVID-19 patients. As no significant effect was
observed regarding mortality, it seems unlikely that this increase in
the duration of hospital stay is a result of lower mortality in this
patient subgroup. Another possible explanation are potential serious
adverse events associated with IVIg treatment: renal impairment,
thromboses, arrhythmias, aseptic meningitis, haemolytic anaemia,
and transfusion-related acute lung injury.*? For instance, Mazeraud
A. et al.*® reported an increased frequency of serious adverse events
in the IVIg treated patient group compared to the placebo group,
although the difference was not statistically significant (p = 0.089).
The rationale behind the idea of repurposing IVIG for the treatment
of hospitalised COVID-19 patients was sound, but unfortunately,
according to our meta-analysis’ results, it seems that IVIG lacks
clinical efficacy in COVID-19. Some of the potential reasons for the
lack of efficacy could be that the new SARS-CoV-2 variants evade
neutralising antibodies in IVIG and that a lack of standardised anti-
SARS-CoV-2 titres in the product leads to potential underdosing.
Although anti-SARS-CoV-2 antibodies with neutralising activity
against pseudoviruses have been found in IVIG products,® they stem
from vaccination aimed at the original Wuhan strain or from prior
infection. The production process behind IVIG takes some time
during which new immune evasive variants are continuously
emerging, such as the Omicron BA.2.12.1, BA.4 and BA.5 subvariants
which successfully evade neutralising antibodies arising after vacci-
nation.*® Furthermore, the amount of anti-SARS-CoV-2 antibodies in
different IVIG products is not standardised and no dose-response

studies have been performed thus the appropriate dosage in
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relation to the anti-SARS-CoV-2 titters in the product is unknown.
Moreover, the efficacy of antiviral therapeutics is better the earlier in
the disease's course the therapy is administered. Therefore, in
already hospitalised COVID-19 patients the beneficial effect of anti-
SARS-CoV-2 antibodies seems limited and the immunomodulatory
effects of IVIG may be too weak in comparison to other therapeutics
which have so far demonstrated efficacy such as dexamethasone.®
Highly statistically significant heterogeneity was observed
among the included studies' results, with heterogeneity remaining
high despite subgroup analysis according to the patients' severity
and/or study design. Multiple other potential factors could have had
an impact on individual study results and consequently interstudy
heterogeneity, such as differences in IVIg treatment dose/duration
and protocol, time of the study conduct, duration of COVID-19
illness prior to IVIg administration, confounding effects of other
used therapeutic treatments (especially in retrospective studies)
and use of different non-standardised IVIg formulations with un-
known anti-SARS-CoV-2 antibody titres/neutralisation activity. The
dose and duration of IVIg treatment varied across the included
studies, however the performed meta-regression found no statisti-
cally significant effects of approximated total dose on either
outcome. As reported earlier, the levels of SARS-CoV-2 antibodies
found in 1VIg donor plasma pools have been increasing parallel to
the spread of the virus in the population, raising the possibility that
IVIg preparations made later during the pandemic could have higher
anti-SARS-CoV-2 efficacy and clinical utility, although we found no
significant effect in the meta-regression with regards to the number
of months between the start of the pandemic (taken as December
2019) and the study conduction date. Nevertheless, according to
current trends regarding the increasing anti-SARS-CoV-2 antibody
titres, it is possible that the future IVIg products may potentially
equate hyperimmune immunoglobulin preparations in terms of ti-

tres and efficacy, although at lower costs, with easier production
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FIGURE 7 Risk of bias assessment of included studies. Figure 7(a) Bias assessment of randomised studies using the RoB 2 tool. Figure 7(b)

Bias assessment of non-randomised studies using the ROBINS-I tool

and higher availability.** Therefore, additional research should be
conducted in the future to again evaluate the potential clinical
utility of IVIg prepared after or in the late stages of the COVID-19
pandemic.

Further studies on the topic should concentrate on identifying
potential patient subgroups which may nonetheless have a benefit
from IVIg treatment. Patient subgroups benefiting from 1VIg may be
those with either primary or secondary hypogammaglobulinemia
which are associated with an increased risk of bacterial superinfec-

tion, septic shock and death.*> Another potentially important patient

subgroup deserving further studies are those positive for neutralising
autoantibodies against type | interferons (IFN). A recent study pub-
lished in the Science found that at least 10.2% (n = 101/987) of pa-
tients with life-threatening COVID-19 pneumonia had neutralizing
1gG auto-antibodies against type 1 IFNs, while such auto-antibodies
were present in only 0.33% (n = 4/1227) healthy individuals.*
Such a discrepancy could indicate that patients with anti-IFN auto-
antibodies may be predisposed to more severe clinical outcomes.
Studies evaluating the clinical utility of anti-IFN autoantibodies as

predictive biomarkers of COVID-19 disease severity are urgently
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needed and such patients may also benefit from the immunomodu-
latory effects of IVIg treatment.

This meta-analysis has several limitations. First, the systematic
review included only English language studies, while it appears that
IVIg therapy has been extensively used in China, so it is likely that
additional Chinese language studies were not included. Second, the
dosage and length of I1VIg treatment varied between included studies,
although it seems that, according to the conducted meta-regression
results, those differences had no significant impact on outcomes.
Third, a relatively large number of included studies were retrospec-
tive (7) while only 2 studies were randomised placebo controlled
double-blind trials. Finally, a moderate to serious risk of bias was
observed in the analysed non-randomised studies and the protocol
for this meta-analysis has not been prospectively registered, so the

bias on the part of investigators cannot be ruled out.

5 | CONCLUSION

The results of this meta-analysis do not support use of IVIg in hos-
pitalised adult COVID-19 patients. Further high-quality, double-
blind, randomised, placebo-controlled trials should concentrate on
identifying specific patient subgroups which may nonetheless benefit

from IVIg therapy.
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