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Abstract
Background:

To access the effect of Intravenous immunoglobulin   (IVIG) in critically ill corona virus disease 2019 (COVID-19) patients.

Method:

In this retrospective matched cohort study, records of three tertiary centers with large number of COVID-19 admissions were evaluated and
used. Based on treatment options,  patients were divided into two groups, standard COVID-19 treatment (109 patients) and IVIG treatment
(74 patients) patients. Also, the effect of IVIG in different dosages was evaluated. Patients with IVIG treatment were divided into three
groups of  low (0.25 gr/kg), medium (0.5 gr/kg), and high (1 gr/kg) dose. Data analysis was performed using independent t-test and  One-
way analysis of variance (ANOVA) to compare the  outcomes between two groups, including duration of hospitalization, intensive care unit
(ICU) length of stay, and mortality rate. 

Result: The duration of hospitalization in the IVIG group  were signi�cantly longer than standard treatment (13.74 days vs. 11.10 days,
p<0.05). There was not a signi�cant difference between the two groups in ICU length of stay, number of intubated patients and duration of
mechanical ventilation (P>0.05).  Also initial  outcomes in IVIG subgroups were compared separately with the standard  treatment group. The
results indicated that only the duration of hospitalization  in the IVIG subgroup with medium dose is signi�cantly longer than the standard
 treatment group (P<0.01).

Conclusion: Using IVIG is not bene�cial for COVID-19 patients based on no remarkable differences in duration of hospitalization, ICU length
of stay, duration of mechanical ventilation and even mortality rate.

Introduction
Novel coronavirus disease 2019 (COVID-19) pandemic has become a global concern since 2019. By August 2021 more than 4,300,000
people have been sacri�ced by this disease[1].

No de�nitive treatment has been found, so it makes sense to consider the effects of possible treatments on the disease. One of these
possible treatments is Intravenous Immunoglobulin (IVIG), which has been reported to have contradictory effects in previous studies[2, 3].

The IVIG is a plasma-derived drug that was �rst used to treat some immune de�ciencies[4]. It has been used as an adjunct therapy in the
management of some infections. Among viral infections, this treatment has been used to prevent and treat various viruses such as
in�uenza, viral hepatitis, rabies, measles and severe acute respiratory syndrome (SARS)[5]. Studies have revealed that IVIG can be effective
in the treatment of severe acute viral pneumonia such as in�uenza and para-in�uenza pneumonia[6, 7]. Antigen clearance and immune
system modulation are increase by IVIG [8]. Due to the mechanism, safety and e�cacy of this treatment in previous viral infections, some
centers have utilized it in severe cases of COVID-19 infection. Despite its e�cacy, this treatment is expensive and has various side
effects[9]. Thus, the effectiveness and safety of this intervention in COVID-19 infection is debatable. Based on several studies IVIG
administration in COVID-19 patients is controversial[9, 10].

In this study we intend to investigate the e�cacy of adding IVIG to the standard regimen of COVID-19 infection in outcome measures such
as duration of hospitalization, mechanical ventilation, and intensive care unit (ICU) length of stay and mortality rate.

Materials And Methods
This retrospective study was conducted on COVID-19 patients in  Imam Khomeini hospital complex, Rasul-e Akram and Ziaeian hospitals in
Tehran, Iran.

2.1. Participants
In this study, a total of 202 patients who were admitted to between February 2020 to December 2020 were reviewed. These patients were
treated with standard methods or IVIG added to standard care. Inclusion criteria were COVID-19 con�rmation with real-time polymerase
chain reaction (PCR), signi�cant pulmonary �ndings compatible with radiographic imaging and critically ill patients in ICU.

Critically ill patients were those with less than 90% oxygen saturation level with Non-rebreather mask, those who needed noninvasive
ventilation (NIV) or intubation. Exclusion criteria were age under 18 years old, pregnancy, patients with incomplete data, non-ICU patients,
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those who participated in other clinical trials or received nonstandard treatment due to national or regional protocol and those who received
less than �ve grams of IVIG.

2.2. Study arms and treatment plans
After carefully reviewing the COVID-19 patients records based on the hospital information database, and �nally considering the inclusion
and exclusion criteria, 183 patients were divided into two groups; 109 patients have received standard treatment and 74 patients have
received IVIG (Fig. 1).

In this study, epidemiological, demographic, clinical, laboratory data, management, and outcomes of patients were obtained. Finally, the
outcomes include mortality rate, duration of hospitalization, mechanical ventilation and ICU length of stay were analyzed and compared
between two groups.

The standard treatment group regimen was oral Hydroxychloroquine (HCQ) 400 mg daily for 5 days plus Atazanavir/Ritonavir (300/100)
daily for ten days. IVIG treatment was divided into three groups of low, medium and high dose (0.25, 0.5 and 1 gr/ kg) during 3–5
consecutive days in addition to standard care.

2.3. Ethical considerations
The study was approved by the Institutional Review Board of Tehran University of Medical Sciences and exempted from written informed
consent [IR.TUMS.VCR.REC.1399.390].

2.4. Measurements and statistical analysis
Distribution of age, sex, initial clinical symptoms and on admission vital signs were compared between the two groups. Mortality rate,
duration of hospitalization, mechanical ventilation and ICU length of stay were also evaluated.

The results were analyzed using SPSS v.25.0 software. Chi-square tests were performed to evaluate the difference in qualitative data.
Shapiro-Wilk test was performed to assess the normality of data distribution. To compare the differences in the quantitative variables of
groups, the independent t-test and One-way analysis of variance (ANOVA) was carried out. Values with p < 0.05 were considered statistically
signi�cant.

Results
Based on the inclusion and exclusion criteria, 183 ICU admitted COVID-19 patients were included in the study, of which 109 (59.6%) were
males and 74 (40.4%) were females, with an average age of 62.71 (± 15.46) years old. The patients were divided between standard
treatment (comprising 109 patients) and IVIG treatment groups (comprising 74 patients) based on their treatment method.

3.1. Clinical and laboratory �ndings

The clinical characteristics of patients (case and control group) are shown in Table I. Based on the results there were no signi�cant
differences between the two groups in demographic data, vital sign on admission, clinical features, laboratory tests and even risk factors.
(P > 0.05).

3.2. Primary and secondary outcome

Primary outcomes including mortality rate, duration of hospitalization, ICU length of stay and duration of mechanical ventilation were
compared in the two groups (Table II).

According to the primary outcomes the duration of hospitalization was longer in the IVIG group (P < 0.05). Two groups were not
signi�cantly different in ICU length of stay, number of intubated patients, duration of mechanical ventilation and mortality rate (P > 0.05). 

Patients in the IVIG treatment group were divided into three groups; low, medium and high dose of IVIG (0.25, 0.5 and 1 gr/kg). Accordingly,
33.8% of the cases received low dose, 43.2% medium dose and 23% high doses (Table III). In these groups, mortality rate, duration of
hospitalization, ICU length of stay and duration of mechanical ventilation were compared using analysis of variance (ANOVA) for
Continuous scores and chi-square (χ2) for strati�ed scores. The LSD post hoc test was also used to determine the location of the
discrepancy. ANOVA test results are listed in Table III along with the results which are signi�cantly different between the two groups.

There are no signi�cant differences among three groups of IVIG treatment in primary outcomes as indicated in Table III. (P ≥ 0.05). The
comparison between IVIG groups and standard treatment is summarized in Table IV. Based on the results, the duration of hospitalization
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was longer in the medium dose IVIG group (p < 0.01).

Finally, 165 patients were divided into �ve subgroups based on intubation as shown in Table V. Eighteen out of 183 patients were excluded
due to the lack of data.

Mortality rate was not signi�cantly different between IVIG and standard treatment groups in both intubated and non-intubated subgroups.
Mortality rate in subgroups one and four was 0% and the result of χ2 test between subgroups three and �ve showed no statistical difference
(p-value = 0.731 and χ2 = 0.393).

Discussion
There have been different studies so far with different results about effect of IVIG on COVID-19 patients. But clear results have not been
obtained [2, 3, 11]. Hence in this study, the therapeutic effects of IVIG on the con�rmed COVID-19 cases were examined and the previous
valuable results of related articles were reviewed.

Based on a randomized clinical trial on 84 patients, 52 patients received a treatment regimen including hydroxychloroquine, lopinavir /
ritonavir and supportive care, plus 400 mg/kg IVIG daily for three days, but 32 patients received the same regimen without IVIG. Addition of
IVIG to the standard treatment of critically ill COVID-19 patients could not decrease the duration of hospitalization, mechanical ventilation
or mortality rate. In this study Tabarsi et al. found that duration of hospitalization was signi�cantly longer in IVIG treatment group[2]. In our
study we also found that the duration of hospitalization in the medium dose subgroup of IVIG was longer than control group and no
positive effects were obtained on duration of mechanical ventilation and mortality of patients. Many studies have shown that IVIG
administration reduces mortality in patients with COVID-19, but increases hospitalization time instead of standard COVID-19 treatment [12,
13].

In a multicenter retrospective cohort study on 325 patients (174 patients in the case group who received IVIG and 151 patients in the control
group), 28-day and 60-day mortality were the primary outcomes. Subgroup analysis showed that 28-day mortality in patients with critical
type was improved compared to the control group and in these critically ill patients, IVIG reduced the in�ammatory response and improved
some organ functions, but the length of hospital stay and overall duration of the disease was increased[11].

In another study, IVIG administration in the �rst 48 hours of hospitalization reduced mortality, length of stay, length of stay in the ICU, and
duration of mechanical ventilation compared to IVIG administration after 48 hours of hospital admission[9]. Herth et al. retrospectively
evaluated the clinical courses of 12 COVID-19 patients who received IVIG at various stages of their disease, including within the �rst 72 h of
clinical presentation, after initiation of mechanical ventilation, and after prolonged ventilation and ICU stay. Patients in this study received
0.2 or 0.5 g/kg/d of IVIG for 1 to 4 days. Early IVIG administration in viral phase of COVID-19 infection can decrease the duration of
hospitalization, ICU length of stay, duration of mechanical ventilation and even mortality rate rather than late administration [9, 14, 15].

In our retrospective matched cohort study, we examined 183 patients with severe covid-19 infection who were admitted to the ICU. Seventy-
four (40/4 %) patients were included in the case group and received IVIG in addition to the standard treatment, but 109 (59/6 %) patients in
the control group received only standard treatment. On admission vital signs, clinical signs, laboratory data, and risk factors did not differ
signi�cantly between the two groups. Primary outcomes in our study were, duration of hospitalization, ICU length of stay, duration of
mechanical ventilation and mortality rate. The results showed that the duration of hospitalization in the IVIG group (13.74 days) was
signi�cantly longer than the standard treatment group (11.10 days) (p-value = 0.041), But there were no signi�cant differences between the
other primary outcomes (P > 0.05).

Another question that was examined in this study was the impact of the time, dose and period of IVIG prescription on its effectiveness. For
this purpose, patients with IVIG treatment were divided into three subgroups of low, medium and high dose. Then the primary outcomes of
mortality rate, duration of hospitalization, ICU length of stay and mechanical ventilation were compared between these subgroups, but no
signi�cant differences were obtained. Also, initial outcomes were compared separately with the standard treatment group. The results
indicated that only the duration of hospitalization in the IVIG subgroup with medium dose is signi�cantly longer than standard group, and
in other cases these differences were non-signi�cant. These �ndings were consistent with the results of Tabarsi et al[2]. So, in this study, it
can be concluded that, the use of IVIG method in COVID-19 treatment, is not preferable to its standard treatment.

Di�culty in patient matching and the difference timing in IVIG administration were the limitations in our study which should be overcome
by conducting RCT studies with a large statistical population.

Conclusion
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Using IVIG is not bene�cial for COVID-19 patients based on no remarkable differences in duration of hospitalization, ICU length of stay,
duration of mechanical ventilation and even mortality rate.
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Tables
Table I. Baseline demographic, clinical, and laboratory characteristics of COVID-19 patients treated with either IVIG or with standard COVID-
19 therapy.
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Feature Control group IVIG group Statistics P-value

Patient number, N (%) 109 (59.6) 74 (40.4)    

Male/female, N (%) 63.45 45.29    

Age years, mean(STD) 63.28(16.81) 61.89 (13.38) 0.62 0.536

Days interval from symptoms onset and therapy starting, days No. 7.14 7.08 -0.085 0.933

Vital signs on admission T 37.33 37.48 0.938 0.394

SO2 82.35 80.56 -0.864 0.389

BP 129.63 127.20 -0.785 0.434

RR 26.68 26.63 -0.022 0.983

PR 95.06 96.94 0.647 0.518

Clinical sign Cough 66 54 2.488 0.080

Shortness of breath 85 59 0.010 0.921

Body pain 48 34 0.011 0.918

Headache 19 8 1.055 0.304

Nausea 21 15 0.028 0.867

Vomiting 13 12 0.372 0.542

Chest pain 12 8 0.002 0.966

Shortness of breath 7 6 0.020 0.887

Sore throat 10 3 1.061 0.303

Sneezing 0 0 - -

Runny nose 3 5 0.898 0.351

Fatigue 39 22 0.479 0.489

Weakness 41 35 1.326 0.249

Fever and chills 55 38 0.248 0.618

Anorexia 19 22 3.160 0.075

Loss of consciousness 7 7 0.252 0.616

Cyanosis 1 1 0.077 0.782

Diarrhea 9 11 1.357 0.244

Stomach ache 5 4 0.063 0.802

Decreased sense of smell 6 2 0.293 0.588

Decreased taste 2 3 0.195 0.659

Hemoptysis 2 2 0.155 0.694

Tests WBC 9.52 14.62 0.981 0.328

LYMPH 1.99 1.61 -0.430 0.668

PLT 204.71 189.03 -1.182 0.239

Abbreviations and symbols: N = number;% = percentage; T= temperature ; SpO2= oxygen saturation; BP= blood pressure; RR=
respiratory rate ; PR= pulse rate ; WBC = white blood cells; LYMPH=  lymphocytic, PLT= platelets; CRP= C-reactive protein; ESR=
Erythrocyte Sedimentation Rate; Cr= creatinine; AST= aspartate aminotransferase test ; ALT= alanine transaminase; LDH = lactate
dehydrogenase ;D-Dimer = �brin degradation product ; BS= bowel sounds; PCT= procalcitonin; PCO2=  partial pressure of carbon dioxide
; PH= pulmonary hypertension; Pro-BNP= B-type natriuretic peptide.

https://en.wikipedia.org/wiki/Respiratory_rate
https://en.wikipedia.org/wiki/Rapid_plasma_reagin
https://en.wikipedia.org/wiki/Lymphocytic_meningitis
https://labtestsonline.org/tests/erythrocyte-sedimentation-rate-esr#:~:text=Erythrocyte%20sedimentation%20rate%20(ESR%20or,tall%2C%20thin%2C%20vertical%20tube.
https://www.uofmhealth.org/health-library/hw20331
https://labtestsonline.org/tests/lactate-dehydrogenase-ld#:~:text=Lactate%20dehydrogenase%20(LD%20or%20LDH,cells%3B%20bacteria%20also%20produce%20LD.
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Feature Control group IVIG group Statistics P-value

CRP 67.39 90.98 1.838 0.068

ESR 61.89 69.91 1.450 0.15

Cr 1.48 1.43 -0.330 0.742

AST 63.15 52.62 − .648 0.519

ALT 48.49 42.18 -0.609 0.543

LDH 860.00 940.95 0.625 0.516

D-Dimer 2455.64 2455.64 -1.325 0.203

BS 166.31 166.31 -0.243 0.808

PCT 0.73 0.73 1.063 0.365

PCO2 38.77 38.77 -1.114 0.268

PH 7.06 7.06 -0.520 0.604

Pro-BNP 1837.13 1837.13 -1.737 0.123

Risk factors Diabetes 28 29 3.232 0.072

Hypertension 43 35 0.965 0.326

Obesity 5 5 0.105 0.746

Pregnancy 2 0 0.192 0.661

Vasculitis 0 0 - -

Embolism 0 1 0.041 0.840

Asthma 3 2 0.000 1.000

Bronchiectasis 1 2 0.124 1.000

Member link?? 1 0 0.000 0.725

Chemotherapy 0 0 - -

Corticosteroid therapy 0 0 - -

Gout 1 1 0.000 1/000

Hemodialysis 4 3 0.000 1/000

Malignancy 9 1 2.77 0.096

Stent 5 5 0.120 0.729

Heart failure 6 10 2.710 0.100

Kidney failure 8 4 0.036 0.849

Liver failure 3 1 0.012 0.914

Abbreviations and symbols: N = number;% = percentage; T= temperature ; SpO2= oxygen saturation; BP= blood pressure; RR=
respiratory rate ; PR= pulse rate ; WBC = white blood cells; LYMPH=  lymphocytic, PLT= platelets; CRP= C-reactive protein; ESR=
Erythrocyte Sedimentation Rate; Cr= creatinine; AST= aspartate aminotransferase test ; ALT= alanine transaminase; LDH = lactate
dehydrogenase ;D-Dimer = �brin degradation product ; BS= bowel sounds; PCT= procalcitonin; PCO2=  partial pressure of carbon dioxide
; PH= pulmonary hypertension; Pro-BNP= B-type natriuretic peptide.

 

Table II - Comparison of primary outcome measures in two groups of patients treated with IVIG and standard treatment group

https://en.wikipedia.org/wiki/Respiratory_rate
https://en.wikipedia.org/wiki/Rapid_plasma_reagin
https://en.wikipedia.org/wiki/Lymphocytic_meningitis
https://labtestsonline.org/tests/erythrocyte-sedimentation-rate-esr#:~:text=Erythrocyte%20sedimentation%20rate%20(ESR%20or,tall%2C%20thin%2C%20vertical%20tube.
https://www.uofmhealth.org/health-library/hw20331
https://labtestsonline.org/tests/lactate-dehydrogenase-ld#:~:text=Lactate%20dehydrogenase%20(LD%20or%20LDH,cells%3B%20bacteria%20also%20produce%20LD.
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Feature Standard group IVIG group statistics p-value

No. of patients (%) 109 (59.6) 74 (40.4) - -

ICU length of stay (days) 7.33 9.46 1.848 0.066

Duration of hospitalization (days) 11.10 13.74 2.060 0.041

Duration of mechanical ventilation (days) 4.14 4.23 0.119 0.905

Mortality (%) 48 (44.03) 42 (56.75) 2.367 0.124

Abbreviations and symbols: No= number(s), ICU= intensive care unit, IVIG= intravenous immunoglobulin.

 

Table III - Comparison of initial outcome measures in three subgroups of patients treated with IVIG with different doses.

Feature Low-dose IVIG Medium dose IVIG High-dose IVIG p-value

Number of patients (%) 25(33.8) 32(43.2) 17(23)

ICU length of stay (days) 10.24 9.77 7.94 0.642

Duration of hospitalization (days) 13.12 16.09 10.39 0.050

Duration of mechanical ventilation (days) 24 29 17 0.703

Mortality rate (%) 13 (52) 18 (56.25) 11 (64.70) 0.83

Abbreviations: ICU= intensive care unit, IVIG= intravenous immunoglobulin.

 

Table IV- Comparison of primary outcome measures in three groups of patients treated with IVIG with the standard treatment group

Feature Low-dose IVIG group &
standard group

Medium-dose IVIG group &
standard group

High-dose IVIG group &
standard group

Standard
group

Low
IVIG

t-test P- Standard Medium
IVIG

t-test P-
value

Standard
group

High
IVIG

t-test P-
value

value group

Number of
patients

109 25     109 32     109 17    

ICU length of
stay (days)

7.33 10.24 -1.724 0.087 7.33 9.77 -1.614 -1.109 7.33 7.94 0.353 0.724

Duration of
hospitalization
(days)

11.10 13.12 -1.031 0.305 11.10 16.09 12.887 0.005 11.10 10.39 0.336 0.737

Mortality rate 48 13 0.248 0.618 48 18 1.033 0.310 48 11 1.189 0.275

Abbreviations: ICU= intensive care unit, IVIG= intravenous immunoglobulin.

 

Table V- mortality rate between �ve subgroups
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Groups Total(patients) Mortality(patients) Discharged (patients) Mortality(percent)

IVIG treatment without intubation 31 0 31 0%

IVIG treatment after intubation 29 29 0 100%

intubation after IVIG treatment 8 7 1 87%

standard care without intubation 48 0 48 0%

standard care with intubation 49 36 13 73%

Total 165 72 93 44%

Abbreviations: IVIG= intravenous immunoglobulin

 

Figures

Figure 1

IVIG and Standard group assignment. Abbreviations and symbols: n= number(s), ICU= intensive care unit, IVIG= intravenous
immunoglobulin


