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Serum IgG4 level predicts COVID-19 related mortality
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Dear Editor,

Intrinsic features of the humoral immune response including antigen
specificity, antibody glycosylation, and subclass of immunoglobulin (Ig)
G have been shown to influence the progression of Severe Acute Respi-
ratory Syndrome Coronavirus-2 (SARS-CoV-2) infection and Coronavirus-
19 disease (COVID-19) outcomes [1-4]. Specifically, a poor COVID-19
outcome reportedly depends on an imbalanced humoral response
whereby impaired viral neutralization translates into excessive systemic
inflammation [2]. Severe COVID-19, for instance, has been associated
with higher serum concentration of pro-inflammatory spike-specific
IgG3 and afucosylated IgG1 antibodies capable of triggering exagger-
ated macrophage activation [2-4]. Similarly, anti type I interferon (IFN)
autoantibodies have been demonstrated in critical COVID-19 patients,
phenocopying inborn errors of type I IFN immunity and leading to
impaired innate and intrinsic antiviral immune responses [1]. On the
other hand, anti-spike monoclonal neutralizing antibodies of IgG1 sub-
class from the plasma of convalescent COVID-19 patients have been
shown to prevent life-threatening disease and are currently under
evaluation in clinical trials [5].

In view of their different inflammatory properties, we aimed to assess
a possible association between IgG subclasses and COVID-19 related
mortality. One hundred twenty-eight consecutive patients (41 females,
31.3 %) referred to the Emergency Department of San Raffaele Hospital
(Milan, Italy) for COVID-19 between June and December 2020 were
included and prospectively followed-up with daily data collection into
an electronic case report form (COVID-BioB Study, Ethical Committee
approval no. 34/int/2020, ClinicalTrials.gov NCT04318366) (Table 1).
All patients tested positive for SARS-CoV-2 nasopharyngeal swab and
were treated with local standard of care (6 mg/day intravenous dexa-
methasone for 10 days and 4000 units/day subcutaneous enoxaparin) in
addition to antibiotic and antipyretic therapy. IgG subclasses were
measured before the institution of glucocorticoid treatment.

At baseline, IgG1, IgG2, IgG3, IgG4 subclasses were elevated in 8
(6%), 6 (5%), 6 (5%), and 13 (10%) patients, respectively. Thirty pa-
tients (23%) died at 30-days follow-up. As shown in Table 1 and Fig. 1A,
age, C-reactive protein (CRP), interleukin (IL)-6 serum IgG4 level, IgG4/
IgG ratio, and IgG4/IgGl ratio were significantly higher in non-
survivors, while the PaO2/FiO2 ratio was significantly lower in
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survivors. Receiving operating curves (ROC) curves of statistically sig-
nificant variables were created to predict mortality at 30 days. The AUC
for age, serum IgG4, I1gG4/1gG and IgG4/IgG1 ratio was 0.78 (95%CI
0.69-0.97), 0.63 (95%CI 0.51-0.75), 0.66 (95%CI 0.55-0.76), and 0.65
(95%CI 0.53-0.77), respectively (p<0.05 for all the analyses). At logistic
regression analysis, all variables were significantly associated with a
poor outcome but only age, CRP, and the 1gG4/IgG1 ratio represented
independent predictors of 30-days mortality at multivariate analysis
(Table 1). Specifically, a concentration of serum IgG4 > 700 mg/dl and
an IgG4/IgG1 ratio > 0.05 were associated with a significantly increased
mortality at 30-days (Fig. 1B). Of note, a significantly positive correla-
tion was found between serum IgG4 and IL-6 level, an established pre-
dictor of COVID-19 related mortality (Fig. 1C) [8-10].

In this prospective study we found that serum IgG4 level predicts a
poor COVID-19 outcome. Based on the available literature, IgG4 anti-
bodies may contribute to COVID-19 progression via at least two possible
mechanisms, yet to be verified. Because anti-spike IgG4 have shown
poor in vitro neutralizing capacity compared to IgGl, 1gG2, and IgG3
antibodies, a first possibility is that hosts with prominent IgG4 immune
responses might be more permissive to SARS-CoV-2 infection [6]. On the
other hand, as neutralizing anti-IFNy autoantibodies observed in adult
patients with multiple opportunistic infections are predominantly of
IgG4 subclass, it is tempting to speculate that anti-IFN antibodies asso-
ciated with impaired anti-SARS-CoV-2 immunity and life-threatening
COVID-19 pneumonia might also be IgG4 [7]. Despite intrinsic limita-
tions mainly related to the limited number of patients enrolled, our
study identifies IgG4 antibodies as a possible additional overlooked
variable of the humoral immune response against SARS-CoV-2 associ-
ated with COVID-19 progression.
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Table 1
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Clinical features of the patients’ cohort and predictors of mortality. Data describing clinical and serological features of the patients’ cohort are reported as median
(interquartile range). Data describing univariate and multivariate analyses are reported as odds ratio. P value (significant difference < 0.05) considers the comparison
between non-survivors and survivors.

Total (N=128) Survivors (n=98) Non-survivors p value OR Univariate Analysis (p OR Multivariate Analysis (p
(n=30) value) value)

Age (years) 69 (57-81) 64 (55-77) 82.5 (73-86) 0.0001 1.06 0.0001 1.05 0.02
Sex (M) 87 (67%) 64 (65%) 23 (23%) 0.27 0.68 0.36
Diabetes n (%) 28 (21.9%) 14 (14%) 14 (47%) 0.007 1.4 0.38
Hypertension n (%) 67 (52%) 44 (45%) 23 (77%) 0.003 2.99 0.01 0.41 0.08
Pa02/FiO02 (mmHg) 275 (204-325) 285 (260-335) 204 (98-300) 0.002 0.99 0.015 0.99 0.62
ESR (< 20 mm/hr) 69 (46-92) 65 (42-77) 95 (50-110) 0.17 1.02 0.27
CRP (< 6 mg/L) 80 (42-150) 70 (33-125) 120 (62-195) 0.004 1.01 0.002 1.01 0.001
IL-6 (<10 pg/mL) 37.35 (16-87.3) 30.4 (10.4-75) 67.3 (36.4-224) 0.007 1 0.96
IgG1 (3824-9286 mg/ 5294 (3961-6345) 5294 (4007- 5338 (3872-6425) 0.88 1 0.68

L) 6403)
1gG2 (2418-7003 mg/  3625(2702-4759) 3639 (2675- 3481 (2824-5039) 0.67 1 0.3

L) 4633)
1gG3 (218-760 mg/L) 749 (502-1038) 756 (491-1217) 687 (487-840) 0.34 0.99 0.19
18G4 (39-864 mg/L) 352 (207-558) 340 (195-471) 426 (269-757) 0.04 1 0.002 NA
1gG (8400-16000 mg/ 10026 (8837- 9014 (8156- 10032 (7611- 0.78 1 0.73

L) 12197) 11920) 13088)
18G4/1gG 0.03 (0.02-0.05) 0.03 (0.02-0.05) 0.05 (0.03-0.08) 0.007 1.01 0.04 NA
1gG4/1gG1 0.06 (0.04-0.11) 0.06 (0.04-1) 0.07 (0.05-0.17) 0.012 2406  0.0001 292.5 0.01

Abbreviations: erythrocyte sedimentation rate (ESR); C-reactive protein (CRP); interleukin-6 (IL-6); Odds ratio (OR).
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Fig. 1. Serum IgG4 level predicts COVID-19 related mortality. (A) Serum IgG4 concentration, but not IgG1, IgG2, and IgG3, is significantly higher in COVID-19
non-survivors compared to survivors (p value < 0.05). (B) Increased serum IgG4 level (> 700 mg/L) and IgG4/IgG1 ratio (> 0.05) are associated with increased
mortality in COVID-19 patients (p value < 0.05 for both survival analyses). (C) Serum IgG4 concentration positively correlates with serum IL-6 levels (p value

< 0.05).
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