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A B S T R A C T   

Background: Various immunomodulatory therapies have been explored to manage the dysregulated immune 
response seen in severe COVID-19 infection. The objective of this study was to evaluate the efficacy of intra-
venous immunoglobulin (IVIG) in severe and critical COVID-19 disease. 
Methods: This retrospective study included 535 patients with severe and critical COVID-19 admitted to the 
intensive care unit (ICU) of a tertiary care hospital, from May 2020 to December 2020. Primary outcome was the 
percentage of patients requiring mechanical ventilation. Secondary outcomes were a) in-hospital mortality, b) 
28-day mortality, c) ICU-length of stay (ICU-LOS), d) days to discontinuation of supplemental oxygen, and e) 
days to COVID-PCR negativity. Logistic regression and linear regression were performed using the adjusted and 
unadjusted analyses. 
Results: We analyzed a total of 535 patients out of which 255 (47.7%) received IVIG along with standard 
treatment and 280 (52.3%) received only standard treatment. Two groups were similar in terms of COVID-19 
severity, APACHE II score, oxygen requirements, and initial management. The requirement of invasive venti-
lation was significantly less in the IVIG group compared to the Non-IVIG group (32.2% vs 40.4%, p < 0.05). In- 
hospital mortality, 28-day mortality, and ICU-LOS were also significantly less in the IVIG group (all p < 0.05). 
Subgroup analysis within the IVIG group showed that early administration of IVIG (≤7 days from ICU admis-
sion), old age (≥65 years), and obesity were associated with better outcomes (need for mechanical ventilation 
and in-hospital mortality) (all p < 0.05). IVIG administration in patients with chronic respiratory disease was 
associated with a reduced requirement for mechanical ventilation (p < 0.05), but there was an insignificant 
improvement in mortality. 
Conclusion: High-dose IVIG improves outcomes in severe and critical COVID-19 patients. The study also un-
derscores the importance of timing and patient selection when administering IVIG.   

1. Introduction 

COVID-19 has become a global medical challenge with over 300 
million confirmed cases and 5.5 million deaths involving 222 countries 
globally [1]. The estimates of COVID-19 mortality rate in patients with 
severe and critical COVID-19 vary from 30 to 60% in various studies 
[2–4]. Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) 
infection primarily involves the lungs leading to hypoxic respiratory 
failure. The percentage of COVID-19 patients admitted to ICU requiring 
invasive mechanical ventilation (IMV) ranges from 29% to 90% [5–6]. 

Dysregulated immune response to SARS-CoV-2 infection leading to 
excessive inflammation is the primary pathology in severe COVID-19 

disease. Targeting this inflammatory response is the key strategy 
behind the use of various immunosuppressants like IL-1 inhibitors (e.g., 
Anakinra), IL-6 inhibitors (e.g., Tocilizumab), and Bruton’s tyrosine 
kinase inhibitors (e.g., Acalabrutinib) [7–8]. Several studies investi-
gating these immunosuppressive agents have, however, failed to show 
any clinically meaningful improvement in outcomes in COVID-19 pa-
tients [9–11]. Human immune response to infection is a complex bio-
logical system and blocking a single targeted pathway is not likely to 
control the whole inflammatory ‘storm’ that occurs in severe disease. 
Moreover, potent immunosuppression comes at a price of increased risk 
of opportunistic infections [12–14]. Hence, there is an active interest in 
the role of various immune-modulation therapies, like intravenous 
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immunoglobulin (IVIG) [15]. 
Recent studies on pathophysiology of Covid-19 have highlighted the 

role of endothelial dysfunction as the principal mechanism of injury by 
the virus [16]. Predominant involvement of the respiratory system in 
Covid-19 is explained by the fact that SARS CoV-2 virus accesses the host 
cells via ACE-2 (Angiotensin Converting Enzyme 2) which is abundant in 
the lungs. However, ACE-2 is also expressed by endothelial cells else-
where. In fact, various complications seen in Covid-19 like hyperten-
sion, thrombosis, pulmonary embolism, acute kidney injury, and brain 
stroke indicate that endothelium is the prime target for the virus [17]. 
This is because, in physiology, endothelium has an important role in 
promoting vasodilation, fibrinolysis, and anti-aggregation. The 
increased incidence of Kawasaki disease in young Covid-19 patients also 
points towards systemic vasculitis caused by SARS CoV-2 virus. These 
newer insights into the pathophysiology of Covid-19 have given di-
rections for further research into therapeutic options for the manage-
ment of the severe Covid-19 disease. Several studies have shown that 
various treatment options used for Covid-19 like hydroxychloroquine, 
tocilizumab, and azithromycin improve endothelial dysfunction [18]. 
In-vitro studies have shown that high-dose IVIG offers a protective effect 
on virus-induced endothelial damage [19–20]. 

Human immunoglobulin for intravenous injection (IVIG) is a blood 
product that is prepared from pooled serum of normal humans. It con-
tains polyclonal immunoglobulin G (IgG) antibodies and has been used 
in a variety of primary and secondary immunodeficiencies, auto- 
immune and inflammatory conditions. IVIG has also shown broad- 
spectrum antiviral properties [15]. 

The antibody-mediated humoral response is an important strategic 
tool to treat viral infections. Certain antibodies bind to the external 
surface of viral particles and block the entry of the virus into human cells 
and virus multiplication, thus reducing viral load [15]. Besides directly 
neutralizing the exogenous viral antigens, IVIG also improves immune 
functions of lymphocytes and has anti-complement effects [21]. Human 
cell studies have shown that IVIG inhibits proinflammatory T(H) 17 
cells, thereby reducing pro-inflammatory cytokines like IL-17 and IL-21. 
Simultaneously, IVIG upregulates regulatory T-cells [22]. This ‘immu-
nomodulatory’ action of IVIG can pathophysiologically explain its po-
tential benefit in SARS-CoV-2 infection. Few recent studies have also 
shown that currently available IVIG preparations have antibodies with 
significant in-vitro cross-neutralizing activity against SARS-CoV-2 
[23,24]. This is because common human coronaviruses (HCoV) ac-
count for a large proportion of mild respiratory infections; and thus, 
antibodies against these human coronaviruses are present in the normal 
population. 

Although the principal antibody in IVIG is IgG, there are some 
available preparations of IVIG that are enriched with IgA or IgM (pen-
taglobin). There is some evidence suggesting the role of these two im-
munoglobulins in immunomodulation of inflammatory response in 
sepsis and septic shock [25,26]. But there is no evidence to support the 
role of IgA or IgM enriched IVIG preparations in managing hyper-
inflammatory response in Covid-19. 

In order to evaluate the clinical efficacy of IVIG in severe and critical 
COVID-19 patients, we retrospectively collected the clinical and 
outcome data of COVID-19 patients admitted to our ICU. In addition, we 
tried to explore the emplacement of IVIG in the management of COVID- 
19 patients, in terms of patient selection and timing of administration. 

2. Material and methods 

2.1. Study design 

We performed a single-center retrospective cohort study that was 
conducted in a tertiary care hospital. The study was approved by the 
Institutional Ethics committee. The need for informed consent was 
waived owing to the retrospective nature of the study. 

2.2. Patient selection and data collection 

Data was collected retrospectively for severe and critical COVID-19 
patients who were admitted to the ICU from May 2020 to December 
2020. 

Inclusion criteria were as follows: 1) Adults ≥ 18 years 2) RT-PCR 
confirmed COVID-19 infection on throat swab or sputum 3) Severe or 
Critical COVID-19 disease (as per WHO classification) [27], except those 
who were already on invasive mechanical ventilation. 4) Worsening 
oxygenation despite initial management. 

Exclusion criteria were as follows: 1) Patients on invasive mechanical 
ventilation 2) Patients who received anti-interleukin agents (like Toci-
lizumab) or thymosin alpha-1 or high-dose steroids (>1 mg/kg body 
weight of methylprednisolone) any time before requiring invasive me-
chanical ventilation 3) Patients who received convalescent plasma after 
administering IVIG 4) culture-positive sepsis at the time of admission. 
We captured patients’ data from Electronic Health Records and ICU 
monitoring charts. All details (demographic, clinical, Lab parameters, 
treatment, and outcomes) were entered in a predesigned proforma. The 
severity of illness was measured using Acute Physiology And Chronic 
Health Evaluation II (APACHE II). CT severity score (CTSS) was used to 
report the severity of COVID-19 on high-resolution CT scan (HRCT) of 
the lungs [28], with the score ranging from 0 (no involvement) to 25 
(maximum involvement). 

Detailed clinical data, including daily oxygen requirements and 
follow-up RT-PCR results were collected in all patients. 

2.3. Patient management protocol 

Only those patients were included in the study who were managed as 
per the standard hospital protocol for severe/critical COVID-19 disease. 
This included Remdesivir, low-dose steroids (≤1 mg/kg methylpred-
nisolone), convalescent plasma, low molecular weight heparin, and 
empiric antibiotics. IVIG was considered if patients’ oxygenation wors-
ened (defined as one-category deterioration on WHO ordinal scale [29]) 
despite the above line of management, and there was no contraindica-
tion. It was administered after informed consent from the patient’s 
family. The dose of IVIG was 0.5 g/kg body weight/day as a continuous 
infusion for 3 days. The actual body weight of the patient was taken for 
calculating the dose. All patients received a uniform dose and uniform 
duration of IVIG treatment. 

2.4. Outcome measures 

Primary outcome of the study was percentage of patients requiring 
mechanical ventilation. Secondary outcome measures included in- 
hospital mortality, 28-day mortality, ICU-length of stay (ICU-LOS), 
days to discontinuation of supplemental oxygen, and days to COVID RT- 
PCR negativity. Days to COVID negativity were defined from the day of 
first positive RT-PCR to twice continuous negative RT-PCR done at least 
24 h apart. 

2.5. Statistical analysis 

Demographic data was summarized with descriptive statistics. 
Continuous data was represented as mean (Standard deviation) or Me-
dian (Interquartile Range, IQR) and categorical data was reported in 
counts (percentage) respectively. Shapiro Wilk test was used to deter-
mine the normality of the test data distribution. 

Demographic, clinical, laboratory, treatment, and outcome param-
eters were compared between the IVIG and non-IVIG groups using the 
Mann-Whitney test (non-parametric test) and Pearson’s or Fisher’s exact 
chi-square test. Logistic regression and linear regression were performed 
using adjusted and unadjusted analysis. Unadjusted logistic regression 
model was performed without controlling confounding factors. In the 
multivariate logistic regression model, age (<65, ≥65 years), gender 
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(male or female), obesity (yes and no), and comorbidities (Yes and No) 
were controlled. Backward stepwise deletion based on the Wald test was 
applied. All reported p- values are 2-tailed and p < 0.05 is defined as 
statistically significant. Statistical analyses were performed using the 
statistical software R (version 4.0.3 - R Core Team [2019]; R: A language 
and environment for statistical computing) and SPSS (the statistical 
package for social sciences) IBM Corp. Released 2017. IBM SPSS Sta-
tistics for Windows, Version 25.0. 

3. Results 

3.1. Patient characteristics 

In total, 1186 patients of severe and critical COVID-19 disease were 
assessed for eligibility from May 2020 to December 2020. Out of these, 
535 patients were included in the study, and 651 patients were excluded 
due to various reasons (Fig. 1). Among the included patients, 255 
(47.7%) received IVIG (IVIG group) and 280 (52.3%) did not receive 
IVIG (Non-IVIG group). 

Detailed demographic and clinical profile of patients is summarized 
in Table 1. Subjects were comparable in the two groups with respect to 
baseline characteristics. Median age of patients in the study was 64 
(55–71) years, and 401 (75%) patients were male. Most of the patients 
(85.1%) had one or more underlying co-morbidities. The profile of 
comorbidities in the two groups was similar except for Diabetes (57.3% 
vs 47.9%, p = 0.03) and Hypertension (64.7% vs 47.1%, p < 0.0001) 
which were significantly more in those in the IVIG group. 

COVID-19 disease severity was similar in IVIG and Non-IVIG groups 
(Table 1, Fig. 2). There was no significant difference in the number of 
severe COVID-19 patients (68.6% vs 66.4%, p > 0.05) and critical 
COVID-19 patients (29% vs 31.4%, p > 0.05) between the two groups. 
Median CT score was 17(14.25–19.75) in the IVIG group and 18 (15–20) 
in the Non-IVIG group (p > 0.05). Median APACHE II score was 9 (6–12) 
in the IVIG group and 10(6–15) in the Non-IVIG group (P > 0.05). At the 
time of ICU admission, the initial oxygen requirements were similar in 
the two groups. Of the enrolled patients, 12 (2.2%) patients required 
oxygen by nasal prongs (flow rates 2–4 L/min), 148(27.7%) face mask 
(flow rates 4–8 L/min), 241 (45%) Non-rebreathing mask (flow rates 

10–15 L/min) and 124 (23.2%) Non-invasive ventilation/High-flow 
nasal cannula. Among laboratory parameters, WBC count (11.4 
[7.6–14.5] vs 9.0 [6.0–13.0], p < 0.0001) and C-reactive protein (CRP) 
(87.04[19.00–145.00] vs 23.30[10.07–90.67], p < 0.0001) were higher 
in the IVIG group, while serum creatinine (80.0[62.0–106.0] vs 88.0 
[71.0–124.0], p < 0.0001) was higher in the Non-IVIG group. There was 
no significant difference in other laboratory parameters, as shown in 
Table 1. 

Concerning the IVIG group, the median time of ICU admission to 
IVIG administration was 5 (3–8) days. 

3.2. Outcomes 

Analysis of primary outcome in 2 groups showed that 82 (32.2%) 
patients required invasive ventilation in the IVIG group compared to 113 
(40.4%) in the Non-IVIG group which is statistically significant (P <
0.05) (Table 2). Analysis of secondary outcomes showed that in-hospital 
mortality (20.5% vs 30.7%, p < 0.05), 28-day mortality (23.6% vs 
32.5%, p < 0.05), and ICU-LOS (10 vs 11, p < 0.05) were lower in the 
IVIG group compared to the Non-IVIG group. The difference in 
requirement of invasive ventilation, in-hospital mortality and 28-day 
mortality, and ICU-LOS was significant even after adjusting for age, 
gender, obesity, and comorbidities (Table 2). However, days to discon-
tinuation of oxygen (11[9–16] vs 11[8.0–14.5], p = 0.23) and days to 
COVID PCR negativity in 2 groups (9[7–11] vs 9[7–11.250, p = 0.148) 
did not display significant differences across the two groups. 

3.3. Subgroup analysis for primary and secondary outcomes 

Multivariate analysis within the IVIG group showed that early 
administration of IVIG (≤7 days from ICU admission) (adjusted OR,0.05; 
95% CI,0.02–0.12; p < 0.001), older age (≥65 years), (adjusted 
OR,0.08; 95% CI,0.03–0.19; p = 0.000),presence of obesity (adjusted 
OR,0.38; 95% CI,0.16–0.88; p = 0.025), and presence of chronic respi-
ratory disease (adjusted OR,0.20; 95% CI,0.05–0.85; p = 0.029) were 
associated with significantly improved primary outcome (need for 
invasive ventilation) (Table 3, Fig. 3). In other words, those receiving an 
early administration of IVIG, individuals from the older age group, and 

Fig. 1.  
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those with obesity or chronic respiratory diseases were less likely to 
need invasive ventilation. 

In multivariate analysis for in-hospital mortality, the factors which 
remained associated with better outcome were early administration of 
IVIG (≤7 days from ICU admission) (adjusted OR,0.08; 95% 
CI,0.03–0.17; p < 0.001), older age (≥65 years), (adjusted OR,0.26; 
95% CI,0.12–0.57; p = 0.001) and obesity (adjusted OR,0.45; 95% 
CI,0.22–0.86; p = 0.039) (Fig. 3). 

4. Discussion 

The role of IVIG has been explored in several viral infections like 
Middle East Respiratory Syndrome (MERS), Severe Acute Respiratory 
Syndrome (SARS), Ebola virus, and Zika virus infections. While some 
studies have established the clinical efficacy of this strategy in these 
infections [30–31], others have failed to prove any significant benefit 
[32–33]. Hence, the role of intravenous immunoglobulin in respiratory 
viral infections is still controversial. Compared to MERS and SARS, 
COVID-19 is distinct in its prolonged course of the disease, severe lung 
injury, and silent progressive hypoxemia. Thus, there is a need to 
explore the role of IVIG in COVID-19. Few studies have evaluated the 
effect of IVIG on patient outcomes in COVID-19 disease [34–38], with a 
majority of them being small sampled with inconsistent methodology 
and results. 

This study was aimed at retrospectively evaluating the efficacy of 
IVIG in severe and critical COVID-19 patients. To our knowledge, this is 
the largest study yet, to assess the efficacy of IVIG treatment in severe 
and critical COVID-19 patients. Notably, this study is important because 

the two groups were comparable not only in their baseline clinical pa-
rameters but also with respect to the initial treatment received. 

Our results show that the use of IVIG prevents further worsening of 
respiratory failure and reduces the need for invasive mechanical venti-
lation in a significant number of severe/critical COVID-19 patients. We 
also found a significant improvement in mortality (both in-hospital and 
28-day mortality) with the use of IVIG. 

Sakoulas et al did a randomized controlled trial of 33 patients of 
moderate to severe COVID-19, where patients in the IVIG arm (n = 16) 
received high-dose IVIG (0.5 g/kg/day) for 3 days. No difference was 
observed in the need for mechanical ventilation in the IVIG group. 
However, they found a significantly reduced ventilation rate among the 
subset of patients with severe hypoxia (A-a gradient > 200 mmHg), 
suggesting a benefit in severe disease [39]. Tabarsi et al did a random-
ized controlled trial comparing 52 critically ill Covid 19 patients who 
received IVIG (0.4 g/kg/day for 3 days) along with the standard of care 
to a control group of 32 patients receiving standard of care (hydroxy-
chloroquine and lopinavir/ritonavir). They did not find any significant 
difference between the two groups with respect to the need for me-
chanical ventilation (p = 0.39). However, they found that early use of 
IVIG was associated with a shorter hospital and ICU length of stay [40]. 

Our results showed that IVIG treatment reduced in-hospital mortality 
by 10.2% and 28-day mortality by 8.9%, which was statistically signif-
icant (Table 2). Shao et al reported a multi-center retrospective study of 
325 patients with severe/critical COVID-19 disease in which IVIG was 
given to 174 patients, while 151 patients did not receive IVIG (control 
group). Their primary analysis showed no significant reduction in 28- 
day mortality (13% in both groups) with the use of IVIG [41]. In their 

Table 1 
Patient characteristics.   

Total (n ¼ 535) IVIG (n ¼ 255) Non-IVIG (n ¼ 280) p-value 

Median Age (IQR), years 64 (55–71) 67 (57–71) 62 (55–71)  0.074¥ 

Sex, Male N (%) 401(75.0%) 182(71.4%) 219(78.2%)  0.068* 
Comorbidities, n (%) 458(85.1%) 230(90.2%) 228(81.4%)  0.003* 
Obesity (BMI ≥ 30 Kg/m2) 154(28.8%) 83(32.5%) 71(25.4%)  0.066* 
Hypertension 297(55.5%) 165(64.7%) 132(47.1%)  <0.0001* 
Diabetes Mellitus 280(52.3%) 146(57.3%) 134(47.9%)  0.030* 
Coronary Artery Disease 92(17.2%) 39(15.3%) 53(18.9%)  0.266* 
Chronic Respiratory Disease 65(12.1%) 37(14.5%) 28(10.0%)  0.111* 
Chronic Kidney Disease 98(18.3%) 41(16.1%) 57(20.4%)  0.201* 
Chronic Liver Disease 22(4.1%) 10(3.9%) 12(4.3%)  0.832* 
Other 71(14.7%) 25(12.3%) 46(16.4%)  0.208* 
APACHE II Score, Median (IQR) 9(6–13) 9(6–12) 10(6–15)  0.079¥ 
COVID-19 Severity classification, n (%) 
Severe COVID-19 361(67.5%) 175(68.6%) 186(66.4%)  0.588* 
Critical COVID-19 162(30.3%) 74(29.0%) 88(31.4%)  0.545* 
CT Severity Score£, Median (IQR) 17.0 (15.0–20.0) 17.0 (14.2–19.7) 18.0 (15.0–20.0)  0.104¥ 

Oxygen requirements, n (%) 
Nasal Prongs, (2–4 L/min) 12 (2.2%) 6 (2.4%) 6 (2.1%)  0.870* 
Face Mask, (4–8 L/min) 148 (27.7%) 65 (25.5%) 83 (29.6%)  0.284* 
Non-rebreathing mask (10–15 L/min) 241 (45.0%) 115 (45.1%) 126 (45.0%)  0.982* 
NIV/ HFNC 124 (23.2%) 65 (25.5%) 59 (21.1%)  0.226* 
Laboratory parameters, Median (IQR) 
Hb (g/L) 125.0 (111.0–138.0) 125.0 (111.0–138.0) 128.0 (112.3–141.0)  0.005¥ 

WBC COUNT (1x 109/L) 10.3 (6.5–13.9) 11.4 (7.6–14.5) 9.0 (6.0–13.0)  <0.0001¥ 

Creatinine (µmol/L) 80.0 (62.0–106.0) 80.0 (62.0–106.0) 88.0(71.0–124.0)  <0.0001¥ 

Urea (mmol/L) 6.5(4.8–10.2) 6.4 (4.8–9.4) 6.9(11.2–4.8)  0.306¥ 

ALT (U/L) 54.0 (37.0–73.0) 54.0 (40.0–70.0) 52.0 (34.0–78.0)  0.675¥ 

AST (U/L) 38.0 (26.0–60.0) 36.0 (27.0–55.0) 40.0 (24.0–66.7)  0.623¥ 

Total Serum Bilirubin (µmol/L) 12.0 (9.0–16.0) 13.0 (9.0–17.0) 11.0 (8.0–16.0)  0.007¥ 

LDH (U/L) 393.0 (274.0–530.0) 384.0 (257.0–509.0) 396.0 (299.2–555.7)  0.084¥ 

Ferritin (pmol/L) 902.6 (494.3–1441.4) 874.1 (514.0–1447.1) 1004.4 (443.2–2107.7)  0.294¥ 

D-Dimer (ng/ml) 409.0 (241.0–797.0) 356.0 (221.0–716.0) 482.5 (251.0–851.9)  0.009¥ 

C-Reactive Protein (mg/L) 46.8 (13.2–124.0) 87.0 (19.0–145.0) 23.3 (10.1–90.7)  <0.0001¥ 

Procalcitonin (ng/ml) 0.1 (0.1–0.3) 0.1 (0.1–0.3) 0.2 (0.1–0.4)  0.147¥ 

HbA1c (%) 6.6 (6.0–8.1) 6.7 (6.1–7.9) 6.6 (6.0–8.3)  0.871¥ 

IVIG: Intravenous Immunoglobulin, Hb: Hemoglobin, WBC: White Blood Cells, ALT: Alanine Aminotransferase, AST: Aspartate Aminotransferase, LDH: Lactate De-
hydrogenase, APACHE II: Acute Physiology And Chronic Health Evaluation II, IQR: Interquartile range. 
The p-values signify exact 2-sided Chi-Square test (*) results for binary outcomes and Mann-Whitney U test (¥) results for continuous outcomes. 

£ CT Scan was done in 232 patients in IVIG group, and 261 patients in Non-IVIG group. 
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study, the two groups had significantly different baseline characteristics. 
After adjusting the confounding variables in the overall cohort, they 
found a significant reduction in mortality in the IVIG group. However, in 
their study, variable dose (0.1–0.5 g/kg/day), duration (5 to 15 days), 
and schedule of IVIG administration were used at 4 participating hos-
pitals. Moreover, clinicians were free to use other therapies. These fac-
tors could have altered the outcomes. Gharebaghi et al did a randomized 

control trial, where 30 patients were given IVIG in a dose of 20 g/day for 
3 days, while 29 patients received a placebo. Two groups were similar in 
their baseline characteristics. They found that in-hospital mortality was 
significantly lower in the IVIG group compared to the control group 
(20.0% vs 48.3%, p = 0.022) [42]. In a recent single-center retrospective 
study, Esen et al. demonstrated improved ICU mortality in 51 severe 
Covid 19 patients who received IVIG compared to 42 controls (OR:2.2, 
95% CI: 0.9–5.4, p = 0.014) [43]. However, the baseline disease severity 
was different in the IVIG vs non-IVIG arm. Secondly, a few patients in 
both arms received Tocilizumab or Anakinra, based on the levels of 
inflammatory markers. Thirdly, the dose of steroids used as the standard 
of care in both groups was very high (IV methylprednisolone 200 mg/ 
day). All of these factors could have confounded the results of the study. 
A recent meta-analysis of 4 clinical trials and 3 cohort studies including 
825 hospitalized patients showed that IVIG use was associated with a 
significant reduction in mortality in the critical subgroup of Covid 19 
patients, but not in the non-severe subgroups [44]. 

In our study, all patients in the IVIG group received a uniform high- 
dose (1.5 g/kg over 3 days) of IVIG. The median dose of IVIG was 35 
(35–40) g/day. This can be a significant factor responsible for the 
improvement in oxygenation and mortality in the IVIG group. Studies 
comparing various doses of IVIG have shown better outcomes with 
higher doses. In the study by Shao et al, 74 patients received IVIG at a 
higher dose (>15 g/day) and 100 patients received IVIG at a lower dose 
(≤15 g/day). They found better 28-day mortality (7% vs 17%, p < 0.05) 
and 60-day mortality (12% vs 24%, p < 0.05) in the high-dose subgroup 
[41]. Raman et al reported a multi-center randomized study in non- 
severe Covid-19 patients, where patients in the IVIG group received a 
dose of 0.4 g/kg/day for 5 days [45]. In this study, IVIG use was asso-
ciated with a lesser need for mechanical ventilation and shorter ICU and 
hospital stay. This “dose–effect” relationship of IVIG has also been 

Fig. 2.  

Table 2 
Effect of IVIG treatment on the primary and secondary outcomes in all patients.   

Total (n ¼
535) 

IVIG (n ¼
255) 

Non-IVIG 
(n ¼ 280) 

p- 
value 

Primary outcome 
Number (%) of patients 

requiring mechanical 
ventilation 

195 
(36.4%) 

82 (32.2%) 113 (40.4%)  0.049* 

Secondary Outcomes 
In-hospital mortality 138 

(25.8%) 
52 (20.5%) 86 (30.7%)  0.007* 

28-day mortality 151 
(28.3%) 

60 (23.6%) 91 (32.5%)  0.023* 

Days to COVID 
Negativity from 
admission, Median 
(IQR) 

9.0 
(7.0–11.0) 

9.0 
(7.0–11.0) 

9.0 
(7.0–11.2)  

0.148¥ 

Days to Discontinuation 
of Oxygen, Median 
(IQR) 

11.0 
(9.0–15.0) 

11.0 
(9.0–16.0) 

11.0 
(8.0–14.5)  

0.230¥ 

Length of stay in ICU 
(ICU-LOS), Median 
(IQR) 

10.0 
(8.0–13.0) 

10.0 
(8.0–12.2) 

11.0 
(8.0–14.0)  

0.002¥ 

The p-values signify exact 2-sided Chi-Square test (*) results for binary outcomes 
and Mann-Whitney U test (¥) results for continuous outcomes. 
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shown in multiple studies in sepsis, where it has been used for its ther-
apeutic potential. Based on these studies, the recommended dose for 
IVIG is 1.5–2 g/kg body weight [46–47]. 

The results of logistic regression analysis in our study suggest that 
early administration of IVIG improves outcomes significantly (Table 3, 
Fig. 3). The likely reason for better outcomes with early IVIG adminis-
tration lies in the fact that viremia develops within 1st week of infection. 
Subsequently, the primary immune response develops in 2nd week. 
Cytokine storm and hyperinflammatory shock usually occur in the 2nd 
or 3rd week [48]. Studies have shown that the worsening of respiratory 
failure in COVID-19 correlates with the beginning of cytokine storm, and 
this stage of the disease is best managed by combining potentiation of 
serum immunity along with anti-inflammatory therapy [49–50]. Since 
IVIG has both these actions [51], it is optimally suited for administration 
at this stage. Our findings are consistent with the findings of Shao et al 
who also found that patients who received IVIG within 7 days of 
admission had better outcomes than those who received it later [41]. Xie 
et al reported a single-center retrospective study from Wuhan where 58 
patients with severe/critical COVID-19 were administered IVIG at a dose 
of 20 g/day. Their results showed that the mortality rate in patients who 
received IVIG during the first 48 h of admission was 23.3% compared to 
57.1% in patients who received IVIG after 48 h [35]. However, in this 
study, the total duration of IVIG treatment was not uniform. Also, few 
patients received high-dose steroids and few others received thymosin 
alpha-1 along with IVIG, which could affect the outcomes. 

We also observed that IVIG had better outcomes in patients with 
advanced age (≥65 years). To our knowledge, no study to date has re-
ported IVIG outcomes in advanced age patients with severe COVID-19 
disease. The improved outcomes in geriatric patients may be because 
there is a diminution of endogenous antibody function with age [52]. 
Elderly subjects with even apparently normal IgG titers may have a 

reduced innate response [53]. IVIG can, thus, improve outcomes in older 
patients by strengthening their immune response. 

An important observation in our subgroup analysis was that obese 
patients (BMI > 30) in the IVIG group had better outcomes than non- 
obese patients. Obesity has been shown to alter immune function. 
Elevated circulating pro-inflammatory cytokines, reduced adiponectin 
levels, and impaired B and T cell responses can result in a delayed res-
olution of viral infections [54]. In fact, obesity is considered a risk factor 
for severe COVID-19 disease [55]. IVIG can, thus, improve the altered 
immune responses in obese patients, thus improving their outcomes. 
Alternatively, the better outcomes in obese patients can be due to the 
higher dose of IVIG used in these patients. In our study, the median dose 
used in obese patients was 45 (45–50) g/day, which was higher than the 
median dose in the overall group (35 [35–40] g/day). Does this mean 
that the observed effect in obesity is just an expression of the “dose-
–effect” relationship of IVIG? And does this imply that we need to use 
still higher doses of IVIG in all patients to improve outcomes? The 
pharmacokinetics of IVIG in obesity is complex, and some studies sug-
gest a lower dose of IVIG (lesser than as per actual body weight) in obese 
patients [56]. The consensus, however, is to start with recommended 
dose for the disease, and then titrate it up or down as per clinical out-
comes. Perhaps, we need larger prospective studies on IVIG dosing in 
obesity to answer these questions. 

Patients suffering from chronic respiratory diseases like bronchial 
asthma, chronic obstructive lung disease (COPD), interstitial lung dis-
ease (ILD), sarcoidosis, cystic fibrosis, etc. are considered to be at high 
risk for severe Covid-19 [57]. This is due to alteration in local and sys-
temic immune response, increased levels of ACE-2, excessive mucous 
production, and poor pulmonary reserve. They are more likely to need 
intensive care, mechanical ventilation, and organ support [58]. A meta- 
analysis of 7 studies including 1592 COPD patients showed up to five- 

Table 3 
Subgroup analysis: Efficacy of IVIG on outcomes in various subgroups.   

Need for mechanical ventilation In-hospital mortality 

Factors Unadjusted OR (95% 
CI) 

p- 
value 

Adjusted* OR (95% 
CI) 

p- 
value 

Unadjusted OR (95% 
CI) 

p- 
value 

Adjusted* OR (95% 
CI) 

p- 
value 

Early IVIG 0.09(0.50–0.17)  <0.001 0.05(0.02–0.12)  <0.001 0.08(0.04–0.17)  <0.001 0.08(0.03–0.17)  <0.001 
Age ≥ 65 1.09(0.77–1.56)  0.618 0.08(0.03–0.19)  0.000 2.87(1.91–4.32)  <0.001 0.26(0.12–0.57)  0.001 
Obesity 1.12(0.76–1.65)  0.569 0.38(0.16–0.88)  0.025 1.01(0.66–1.55)  0.965 0.45(0.22–0.86)  0.039 
Hypertension 1.69(1.18–2.42)  0.005 1.09(0.51–2.33)  0.818 1.51(1.02–2.25)  0.042 0.75(0.35–1.63)  0.469 
Diabetes 1.25(0.88–1.78)  0.212 1.29(0.61–2.72)  0.500 0.96(0.65–1.41)  0.828 0.72(0.34–1.51)  0.379 
Chronic Resp. 

Disease 
0.69(0.39–1.220  0.199 0.20(0.05–0.85)  0.029 0.69(0.36–1.310  0.253 0.25(0.05–1.22)  0.086 

Early IVIG: ≤ 7 days of ICU admission. 
* Adjusted for Age, Sex, Obesity and comorbidities. 

Fig. 3.  
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times increased risk of severe Covid-19 in these patients [59]. Our study 
showed that the use of IVIG in these patients led to a significant 
reduction in the requirement of mechanical ventilation (Table 3, Fig. 3). 
The benefit in in-hospital mortality was not statistically significant. 
However, these results should be interpreted with caution owing to a 
limited number of patients with chronic respiratory diseases (12.1%) in 
our study cohort. 

In our study, we did not find any difference in days to discontinua-
tion of oxygen or ICU length of stay between the two groups (Table 2). 
This was mainly due to lesser mortality in the IVIG group. Those who 
improved in the IVIG group took a longer time to come off oxygen 
supplementation. This is consistent with the trend observed clinically 
during the recovery of severe and critical COVID-19 patients. 

Also, we did not find any difference in days to COVID-19 RT-PCR 
negativity in the two groups. To our knowledge, no study has reported 
the effect of IVIG on the time taken for the RT-PCR test to become 
negative. Some studies have shown that the use of steroids delays virus 
clearance and hence prolongs time to COVID-PCR negativity [60–61]. A 
possible explanation why IVIG has not delayed virus clearance is 
because IVIG has antiviral properties, as suggested by some studies [62]. 

The present study has several limitations. First, being a retrospective 
study, it is prone to bias and we were not able to compare the results 
with a placebo-control group. Second, we did not compare inflammatory 
markers (like interleukin-6, C-reactive protein, ferritin, D-dimer, etc.) 
and T cells subgroup analysis before and after giving IVIG which could 
have given more insights into the subgroup of patients who benefitted 
from IVIG. High-dose IVIG has been shown to inhibit cytokine produc-
tion by Th1 and Th17 cells in several studies [22,63]. Third, we did not 
have data on baseline immunoglobulin levels of the enrolled patients, 
which could have affected the response to IVIG in some patients. Fourth, 
we could not do CT scans in all our patients. A follow-up CT scan could 
have given additional objective evidence on the impact of IVIG in 
reducing long-term lung sequelae. Fifth, the number of years of smoking 
was not evaluated in our study. Finally, we followed up our patients till 
28 days only. Extending the follow-up to 60 days could have given better 
information regarding secondary infections and thrombotic events 
related to IVIG treatment. 

Despite these limitations, we would like to highlight a few important 
aspects of this study. All the subjects in both study groups received 
uniform initial management for COVID-19. Since IVIG is a costly ther-
apy, it was only considered when patients had worsening oxygenation 
despite initial treatment. We excluded subjects who received any con-
founding treatment like tocilizumab, thymosin alpha 1, or high-dose 
steroids. Moreover, all patients received IVIG as per a standard high- 
dose protocol. 

5. Conclusion 

This single-center retrospective cohort study demonstrated that 
high-dose IVIG improves outcomes in the severe and critical type of 
COVID-19 patients. The study also highlights the importance of selecting 
appropriate timing (early use) and patient selection when administering 
IVIG. 
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F. Boni, L. Braglia, C. Turrà, P.F. Ballerini, R. Sciascia, L. Zammarchi, O. Para, P. 
G. Scotton, W.O. Inojosa, V. Ravagnani, N.D. Salerno, P.P. Sainaghi, A. Brignone, 
M. Codeluppi, E. Teopompi, M. Milesi, P. Bertomoro, N. Claudio, M. Salio, 
M. Falcone, G. Cenderello, L. Donghi, V. Del Bono, P.L. Colombelli, A. Angheben, 
A. Passaro, G. Secondo, R. Pascale, I. Piazza, N. Facciolongo, M. Costantini, Effect 
of tocilizumab vs standard care on clinical worsening in patients hospitalized with 
COVID-19 pneumonia: a randomized clinical trial, JAMA Intern. Med. 181 (1) 
(2021) 24, https://doi.org/10.1001/jamainternmed.2020.6615. 

[12] G. Guaraldi, M. Meschiari, A. Cozzi-Lepri, J. Milic, R. Tonelli, M. Menozzi, 
E. Franceschini, G. Cuomo, G. Orlando, V. Borghi, A. Santoro, M. Di Gaetano, 
C. Puzzolante, F. Carli, A. Bedini, L. Corradi, R. Fantini, I. Castaniere, L. Tabbì, 
M. Girardis, S. Tedeschi, M. Giannella, M. Bartoletti, R. Pascale, G. Dolci, 

R. Aggarwal et al.                                                                                                                                                                                                                               

https://covid19.who.int/
https://covid19.who.int/
https://doi.org/10.1016/S0140-6736(20)30633-4
https://doi.org/10.1016/S0140-6736(20)30633-4
https://doi.org/10.1186/s13054-020-02957-9
https://doi.org/10.1016/S2213-2600(20)30079-5
https://doi.org/10.1164/rccm.202004-1385ED
https://doi.org/10.1164/rccm.202004-1385ED
https://doi.org/10.1186/s13054-020-03044-9
https://doi.org/10.1126/sciimmunol.abd0110
https://doi.org/10.1007/s40265-020-01367-z
https://doi.org/10.1056/NEJMoa2028836
https://doi.org/10.1056/NEJMoa2030340
https://doi.org/10.1056/NEJMoa2030340
https://doi.org/10.1001/jamainternmed.2020.6615


International Immunopharmacology 106 (2022) 108615

8

L. Brugioni, A. Pietrangelo, A. Cossarizza, F. Pea, E. Clini, C. Salvarani, M. Massari, 
P.L. Viale, C. Mussini, Tocilizumab in patients with severe COVID-19: a 
retrospective cohort study, Lancet Rheumatol. 2 (8) (2020) e474–e484, https:// 
doi.org/10.1016/S2665-9913(20)30173-9. 

[13] D.R. Giacobbe, D. Battaglini, L. Ball, I. Brunetti, B. Bruzzone, G. Codda, F. Crea, 
A. De Maria, C. Dentone, A. Di Biagio, G. Icardi, L. Magnasco, A. Marchese, 
M. Mikulska, A. Orsi, N. Patroniti, C. Robba, A. Signori, L. Taramasso, A. Vena, 
P. Pelosi, M. Bassetti, Bloodstream infections in critically ill patients with COVID- 
19, Eur. J. Clin. Invest. 50 (10) (2020), https://doi.org/10.1111/eci.13319. 

[14] S. Antinori, C. Bonazzetti, G. Gubertini, A. Capetti, C. Pagani, V. Morena, 
S. Rimoldi, L. Galimberti, P. Sarzi-Puttini, A.L. Ridolfo, Tocilizumab for cytokine 
storm syndrome in COVID-19 pneumonia: an increased risk for candidemia? 
Autoimmun. Rev. 19 (7) (2020) 102564, https://doi.org/10.1016/j. 
autrev.2020.102564. 

[15] C. Galeotti, S.V. Kaveri, J. Bayry, Intravenous immunoglobulin immunotherapy for 
coronavirus disease-19 (COVID-19), Clin. Transl. Immunol. 9 (10) (2020), https:// 
doi.org/10.1002/cti2.1198. 

[16] S. Kaur, D.M. Tripathi, A. Yadav, The enigma of endothelium in COVID-19, Front. 
Physiol. 11 (2020) 989, https://doi.org/10.3389/fphys.2020.00989. Published 
2020 Aug 4. 

[17] C. Sardu, J. Gambardella, M.B. Morelli, et al., Hypertension, thrombosis, kidney 
failure, and diabetes: is COVID-19 an endothelial disease? A comprehensive 
evaluation of clinical and basic evidence, J. Clin. Med. 9 (5) (2020) 1417, https:// 
doi.org/10.3390/jcm9051417. Published 2020 May 11. 
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M. Kılıç, M. Mercan, T. Tukek, Effects of adjunct treatment with intravenous 
immunoglobulins on the course of severe COVID-19: results from a retrospective 
cohort study, Curr. Med. Res. Opin. 37 (4) (2021) 543–548, https://doi.org/ 
10.1080/03007995.2020.1856058. 

[44] H.-R. Xiang, X. Cheng, Y. Li, W.-W. Luo, Q.-Z. Zhang, W.-X. Peng, Efficacy of IVIG 
(intravenous immunoglobulin) for corona virus disease 2019 (COVID-19): a meta- 
analysis, Int. Immunopharmacol. 96 (2021) 107732, https://doi.org/10.1016/j. 
intimp.2021.107732. 

[45] R.S. Raman, V. Bhagwan Barge, D. Anil Kumar, H. Dandu, R. Rakesh Kartha, 
V. Bafna, V.T. Aravinda, T.C. Raghuram, A phase II safety and efficacy study on 
prognosis of moderate pneumonia in coronavirus disease 2019 patients with 
regular intravenous immunoglobulin therapy, J. Infect. Dis. 223 (9) (2021) 
1538–1543, https://doi.org/10.1093/infdis/jiab098. 

[46] Y. Yang, X. Yu, F. Zhang, Y. Xia, Evaluation of the effect of intravenous 
immunoglobulin dosing on mortality in patients with sepsis: a network meta- 
analysis, Clin. Ther. 41 (9) (2019) 1823–1838.e4, https://doi.org/10.1016/j. 
clinthera.2019.06.010. 

[47] Y. Iizuka, M. Sanui, Y. Sasabuchi, A.K. Lefor, M. Hayakawa, S. Saito, S. Uchino, 
K. Yamakawa, D. Kudo, K. Takimoto, T. Mayumi, T. Azuhata, F. Ito, S. Yoshihiro, 
K. Hayakawa, T. Nakashima, T. Ogura, E. Noda, Y. Nakamura, R. Sekine, 
Y. Yoshikawa, M. Sekino, K. Ueno, Y. Okuda, M. Watanabe, A. Tampo, N. Saito, 
Y. Kitai, H. Takahashi, I. Kobayashi, Y. Kondo, W. Matsunaga, S. Nachi, T. Miike, 
H. Takahashi, S. Takauji, K. Umakoshi, T. Todaka, H. Kodaira, K. Andoh, T. Kasai, 
Y. Iwashita, H. Arai, M. Murata, M. Yamane, K. Shiga, N. Hori, Low-dose 
immunoglobulin G is not associated with mortality in patients with sepsis and 
septic shock, Crit. Care. 21 (1) (2017), https://doi.org/10.1186/s13054-017-1764- 
4. 

[48] R. Pourahmad, B. Moazzami, N. Rezaei, Efficacy of plasmapheresis and 
immunoglobulin replacement therapy (IVIG) on patients with COVID-19, SN 
Compr. Clin. Med. 2 (9) (2020) 1407–1411. 

[49] A. Langer-Gould, J.B. Smith, E.G. Gonzales, R.D. Castillo, J.G. Figueroa, 
A. Ramanathan, B.H. Li, M.K. Gould, Early identification of COVID-19 cytokine 
storm and treatment with anakinra or tocilizumab, Int. J. Infect. Dis. 99 (2020) 
291–297, https://doi.org/10.1016/j.ijid.2020.07.081. 

[50] H.K. Siddiqi, M.R. Mehra, COVID-19 illness in native and immunosuppressed 
states: a clinical-therapeutic staging proposal, J Heart Lung Transplant. 39 (5) 
(2020) 405–407, https://doi.org/10.1016/j.healun.2020.03.012. 

[51] S. Mascolo, M.A. Carleo, M. Contieri, S. Izzo, A. Perna, A. De Luca, V. Esposito, 
SARS-CoV-2 and inflammatory responses: From mechanisms to the potential 
therapeutic use of intravenous immunoglobulin, J. Med. Virol. 93 (5) (2021) 
2654–2661. 

[52] P. Lozeron, A. Not, M. Theaudin, C. Denier, P. Masnou, M. Sarov, C. Adam, 
C. Cauquil, D. Adams, Safety of intravenous immunoglobulin in the elderly treated 

R. Aggarwal et al.                                                                                                                                                                                                                               

https://doi.org/10.1016/S2665-9913(20)30173-9
https://doi.org/10.1016/S2665-9913(20)30173-9
https://doi.org/10.1111/eci.13319
https://doi.org/10.1016/j.autrev.2020.102564
https://doi.org/10.1016/j.autrev.2020.102564
https://doi.org/10.1002/cti2.1198
https://doi.org/10.1002/cti2.1198
https://doi.org/10.3389/fphys.2020.00989
https://doi.org/10.3390/jcm9051417
https://doi.org/10.3390/jcm9051417
https://doi.org/10.1038/s41577-021-00536-9
https://doi.org/10.1002/eji.201242398
https://doi.org/10.1111/j.1365-2249.2004.02496.x
https://doi.org/10.1111/j.1365-2249.2004.02496.x
https://doi.org/10.1111/j.1468-1331.2006.01552.x
https://doi.org/10.1111/j.1468-1331.2006.01552.x
https://doi.org/10.1016/j.jaci.2010.12.1102
https://doi.org/10.2217/imt-2020-0220
https://doi.org/10.2217/imt-2020-0220
https://doi.org/10.2217/imt-2020-0095
https://doi.org/10.3389/fimmu.2017.00275
https://doi.org/10.1186/s13613-019-0609-5
https://doi.org/10.1186/s13613-019-0609-5
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2021-2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2021-2
http://refhub.elsevier.com/S1567-5769(22)00099-6/h0140
http://refhub.elsevier.com/S1567-5769(22)00099-6/h0140
http://refhub.elsevier.com/S1567-5769(22)00099-6/h0140
http://refhub.elsevier.com/S1567-5769(22)00099-6/h0140
http://refhub.elsevier.com/S1567-5769(22)00099-6/h0140
https://www.who.int/blueprint/priority-diseases/key-action/COVID-19_Treatment_Trial_Design_Master_Protocol_synopsis_Final_18022020.pdf
https://www.who.int/blueprint/priority-diseases/key-action/COVID-19_Treatment_Trial_Design_Master_Protocol_synopsis_Final_18022020.pdf
https://doi.org/10.3201/eid1005.030640
https://doi.org/10.3201/eid1005.030640
https://doi.org/10.7326/M13-2486
https://doi.org/10.1371/journal.pmed.0030343
https://doi.org/10.1371/journal.pmed.0030343
https://doi.org/10.1016/j.tmaid.2019.06.012
https://doi.org/10.1016/j.tmaid.2019.06.012
https://doi.org/10.1016/j.virol.2020.05.006
https://doi.org/10.1016/j.jinf.2020.03.044
https://doi.org/10.1016/j.jinf.2020.03.044
https://doi.org/10.1093/ofid/ofaa102
https://doi.org/10.1038/s41392-020-00407-0
https://doi.org/10.1111/sji.13101
https://doi.org/10.1101/2020.07.20.20157891
https://doi.org/10.1101/2020.07.20.20157891
https://doi.org/10.1016/j.intimp.2020.107205
https://doi.org/10.1016/j.intimp.2020.107205
https://doi.org/10.1002/cti2.1192
https://doi.org/10.1186/s12879-020-05507-4
https://doi.org/10.1186/s12879-020-05507-4
https://doi.org/10.1080/03007995.2020.1856058
https://doi.org/10.1080/03007995.2020.1856058
https://doi.org/10.1016/j.intimp.2021.107732
https://doi.org/10.1016/j.intimp.2021.107732
https://doi.org/10.1093/infdis/jiab098
https://doi.org/10.1016/j.clinthera.2019.06.010
https://doi.org/10.1016/j.clinthera.2019.06.010
https://doi.org/10.1186/s13054-017-1764-4
https://doi.org/10.1186/s13054-017-1764-4
http://refhub.elsevier.com/S1567-5769(22)00099-6/h0240
http://refhub.elsevier.com/S1567-5769(22)00099-6/h0240
http://refhub.elsevier.com/S1567-5769(22)00099-6/h0240
https://doi.org/10.1016/j.ijid.2020.07.081
https://doi.org/10.1016/j.healun.2020.03.012
http://refhub.elsevier.com/S1567-5769(22)00099-6/h0255
http://refhub.elsevier.com/S1567-5769(22)00099-6/h0255
http://refhub.elsevier.com/S1567-5769(22)00099-6/h0255
http://refhub.elsevier.com/S1567-5769(22)00099-6/h0255


International Immunopharmacology 106 (2022) 108615

9

for a dysimmune neuromuscular disease, Muscle Nerve. 53 (5) (2016) 683–689, 
https://doi.org/10.1002/mus.24942. 

[53] D. Gelmont, R.G. Thomas, J. Britt, J.A. Dyck-Jones, J. Doralt, S. Fritsch, J. 
B. Brewer, R.A. Rissman, P. Aisen, Demonstration of safety of intravenous 
immunoglobulin in geriatric patients in a long-term, placebo-controlled study of 
Alzheimer’s disease, Alzheimers Dement Transl. Res. Clin. Interv. 2 (2) (2016) 
131–139, https://doi.org/10.1016/j.trci.2016.06.003. 

[54] A.A.D. Albashir, The potential impacts of obesity on COVID-19, Clin. Med. (Lond). 
20 (4) (2020) e109–e113, https://doi.org/10.7861/clinmed.2020-0239. 

[55] G. Goossens, D. Dicker, N. Farpour-Lambert, G. Frühbeck, D. Mullerova, 
E. Woodward, J.-C. Holm, Obesity and COVID-19: a perspective from the European 
association for the study of obesity on immunological perturbations, therapeutic 
challenges, and opportunities in obesity, Obes. Facts. 13 (4) (2020) 439–452, 
https://doi.org/10.1159/000510719. 

[56] J.P. Hodkinson, M. Lucas, M. Lee, M. Harrison, M.P. Lunn, H. Chapel, Therapeutic 
immunoglobulin should be dosed by clinical outcome rather than by body weight 
in obese patients, Clin. Exp. Immunol. 181 (1) (2015) 179–187, https://doi.org/ 
10.1111/cei.12616. 

[57] D.M.G. Halpin, R. Faner, O. Sibila, J.R. Badia, A. Agusti, Do chronic respiratory 
diseases or their treatment affect the risk of SARS-CoV-2 infection? Lancet Respir. 
Med. 8 (5) (2020) 436–438, https://doi.org/10.1016/S2213-2600(20)30167-3. 

[58] F. Wu, Y. Zhou, Z. Wang, M. Xie, Z. Shi, Z. Tang, X. Li, X. Li, C. Lei, Y. Li, Z. Ni, Y. 
u. Hu, X. Liu, W. Yin, L. Cheng, F. Ye, J. Peng, L. Huang, J. Tian, L. Zhang, X. Mo, 
Y. Zhang, K.e. Hu, Y. Jiang, W. Guan, J. Xiang, Y. Liu, Y. Peng, L.i. Wei, Y. Hu, 

P. Peng, J. Wang, J. Liu, W. Huang, R. Chen, J. Zhao, S. Li, N. Zhang, J. Zhao, 
N. Zhong, P. Ran, Clinical characteristics of COVID-19 infection in chronic 
obstructive pulmonary disease: a multicenter, retrospective, observational study, 
J. Thorac. Dis. 12 (5) (2020) 1811–1823, https://doi.org/10.21037/jtd-20-1914. 

[59] J. Yang, Y.a. Zheng, X.i. Gou, K.e. Pu, Z. Chen, Q. Guo, R. Ji, H. Wang, Y. Wang, 
Y. Zhou, Prevalence of comorbidities and its effects in patients infected with SARS- 
CoV-2: a systematic review and meta-analysis, Int. J. Infect. Dis. 94 (2020) 91–95, 
https://doi.org/10.1016/j.ijid.2020.03.017. 

[60] X. You, C.-H. Wu, Y.-N. Fu, Z. He, P.-F. Huang, G.-P. Chen, et al., The use of 
methylprednisolone in COVID-19 patients: A propensity score matched 
retrospective cohort study, Accessed February 21, 2021. https://journals.plos. 
org/plosone/article?id=10.1371/journal.pone.0244128. 

[61] Z. Liu, X. Li, G. Fan, F. Zhou, Y. Wang, L. Huang, J. Yu, L. Yang, L. Shang, K.e. Xie, 
J. Xu, Z. Huang, X. Gu, H. Li, Y.i. Zhang, Y. Wang, Z. Huang, B. Cao, Low-to- 
moderate dose corticosteroids treatment in hospitalized adults with COVID-19, 
Clin. Microbiol. Infect. Off. Publ. Eur. Soc. Clin. Microbiol. Infect. Dis. 27 (1) 
(2021) 112–117, https://doi.org/10.1016/j.cmi.2020.09.045. 

[62] X. Liu, W. Cao, T. Li, High-dose intravenous immunoglobulins in the treatment of 
severe acute viral pneumonia: the known mechanisms and clinical effects, Front. 
Immunol. 11 (2020) 1660, https://doi.org/10.3389/fimmu.2020.01660. 
Published 2020 Jul 14. 

[63] M.S. Maddur, S.V. Kaveri, J. Bayry, Circulating normal IgG as stimulator of 
regulatory T cells: lessons from intravenous immunoglobulin, Trends Immunol. 38 
(11) (2017) 789–792, https://doi.org/10.1016/j.it.2017.08.008. 

R. Aggarwal et al.                                                                                                                                                                                                                               

https://doi.org/10.1002/mus.24942
https://doi.org/10.1016/j.trci.2016.06.003
https://doi.org/10.7861/clinmed.2020-0239
https://doi.org/10.1159/000510719
https://doi.org/10.1111/cei.12616
https://doi.org/10.1111/cei.12616
https://doi.org/10.1016/S2213-2600(20)30167-3
https://doi.org/10.21037/jtd-20-1914
https://doi.org/10.1016/j.ijid.2020.03.017
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0244128
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0244128
https://doi.org/10.1016/j.cmi.2020.09.045
https://doi.org/10.3389/fimmu.2020.01660
https://doi.org/10.1016/j.it.2017.08.008

