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Established Facts

and economic crisis.

« Coronavirus disease 19 (COVID-19) cases continue to rise producing an unprecedented global health

o The rapid progression of lung involvement in patients with severe COVID-19 makes it imperative to
develop efficient strategies to potentially attenuate the need for mechanical ventilation.

Novel Insights

vere stages of acute respiratory distress.

care for COVID-19 patients.

o Treatment with systemic immune modulators, such as intravenous immunoglobulin (IVIG), may at-
tenuate aberrant immune responses, and the subsequent inflammatory responses, observed in the se-

o It may be useful to consider IVIG therapy to promote satisfactory recovery and reduce the burden of
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Abstract

Treatment with immunomodulators, such as intravenous
immunoglobulin (IVIG), may attenuate inflammatory re-
sponses observed in the severe stages of acute respiratory
distress syndrome (ARDS) caused by coronavirus disease 19
(COVID-19). We retrospectively evaluated the clinical cours-
es of 12 COVID-19 patients who received IVIG at various stag-

es of their illness, including within the first 72 h of clinical
presentation, after initiation of mechanical ventilation, and
after prolonged ventilation and ICU stay. The patients in-
cluded 9 men and 3 women with a median age of 50 years
(range 23-74), median Charlson Comorbidity Score of 2
(range 0-7), and median Acute Physiology and Chronic
Health Evaluation Score of 13 (range 5-33) at the time of
IVIG. The IVIG total dose ranged from 0.5 to 2.0 g/kg (median
1.25 g/kg) distributed over 1-4 daily doses. The most com-
mon regimen received was 0.5 g/kg daily for 3 days. The me-
dian time to IVIG administration was 9 days (range 0-48
days) after admission. The median time from first IVIG dose
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administration to hospital discharge was 14 days (range
3-48).The 5 patients who received IVIG <4 days of admission
demonstrated a significantly shorter length of hospital stay
after treatment (median 7 days, range 3-14 days) than the 7
patients who received it >7 days after admission (median 33
days, range 8-48 days, p =0.03, Mann-Whitney U test). These
cases demonstrate that IVIG may improve the clinical state
of patients with moderate to severe COVID-19 infection. De-
spite very high illness severity scores, all patients survived
hospital discharge. No thrombotic events occurred and IVIG
was well tolerated, despite most cases demonstrating very
elevated D-dimer suggestive of active intravascular fibrino-
lysis. We believe that IVIG warrants immediate clinical trial
evaluation in COVID-19 to confirm its role as a mainstay
treatment of moderate to severe COVID-19 infection as a
means to reduce hospital stay and utilization of ICU resourc-
es, including mechanical ventilation, and potentially reduce

mortality. ©2020 The Author(s).
Published by S. Karger AG, Basel

Introduction

Cases of coronavirus disease 19 (COVID-19) con-
tinue to rise around the world, leading to unprecedent-
ed global health and economic crises [1, 2]. Even re-
gions that were highly successful in containing the
spread of the virus are now seeing a resurgence of cases,
indicating a tremendous medical need in vaccine pre-
vention and more effective therapeutics. The ability to
mitigate acute lung injury requiring supplemental oxy-
gen and/or mechanical ventilation would be anticipat-
ed to not only improve patient outcomes but could po-
tentially offload the tremendous burden on healthcare
systems.

COVID-19 appears to represent yet another example
of a classic biphasic infectious disease [3-6]. The first
phase, driven by viral replication in the upper respiratory
tract, is typically sub- or preclinical, marked by protean
upper respiratory symptoms such as cough, pharyngitis,
headache, fever, and myalgia. The unfortunate subset of
patients who proceed to the second phase of illness driven
by the adaptive immune response may experience severe
morbidity including pneumonia, acute respiratory dis-
tress syndrome (ARDS), cardiomyopathy, endotheliitis,
and multiple-organ failure [3-6]. Elevated serum concen-
trations of pro-inflammatory cytokines (tumor necrosis
factor, interleukin-1 [IL-1], and IL-6) and chemokines
(IL-8) point directly to a hyperinflammatory response,
also known as a “cytokine storm,” in the pathogenesis of
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the most clinically significant COVID-19 syndromes [7-
11].

Intravenous immunoglobulin (IVIG) was first intro-
duced in the USA for the treatment of primary immuno-
deficiencies in the 1980s but has increasingly been recog-
nized for its anti-inflammatory and immunomodulating
effects [12]. Approved IVIG preparations consist of high-
ly purified immunoglobulins (Igs), mostly of the IgG
class, obtained from thousands of screened donors [13].
The mechanism of action of IVIG is not completely un-
derstood, but it may modulate the immune response via
multiple mechanisms including (i) inhibiting activation
and functions of various monocytes, macrophages, den-
dritic cells, neutrophils, and natural killer cells in part by
Fc-gamma receptor binding; (ii) neutralizing activated
complement components and preventing membrane at-
tack complex cellular killing; (iii) modulating B-cell func-
tions and plasma cells; (iv) regulating T-cell balance be-
tween Treg cells and effector T cells (e.g., Thl, Th17);
(v) downregulating the production of inflammatory cy-
tokines [8, 12, 14]. Therefore, treatment with early sys-
temic immune modulators, such as IVIG, may reduce ab-
errant immune responses, and the subsequent inflamma-
tory responses, observed in the severe stages of ARDS
[14].

Retrospective studies point to a potential benefit of
IVIG treatment for COVID-19 ARDS in adults and the
associated Kawasaki-like illness in children [15-22]. In
anticipation of data on the use of IVIG in COVID-19 in-
fection from a small pilot study and a larger, randomized
trial currently underway, here, we present 12 patients (11
confirmed and 1 strongly suspected) with severe CO-
VID-19 treated with IVIG in the USA and Germany.

Study Methods

A retrospective observational study was conducted using pa-
tient records from 2 hospitals in the USA (Sharp Grossmont Hos-
pitalin La Mesa, CA, USA; Sharp Memorial Hospital in San Diego,
CA, USA) and 1 in Heidelberg, Germany (Thoraxklinik, Heidel-
berg University Hospital). The protocol was assessed by an Inde-
pendent Review Board (IntegReview) in the USA and an Ethics
Committee in Germany and was granted exempt status in both
countries based on the nature of the retrospective evaluation. This
study was conducted in compliance with all applicable regulatory
guidelines. All study data were collected from preexisting patient
records, which were de-identified.

Inclusion criteria included all hospitalized patients with con-
firmed/highly suspected COVID-19 and off-label treatment with
IVIG that were not part of clinical trials of IVIG. As available, the
following data parameters were evaluated: patient demographics,
comorbidities and comorbidity index calculation (Charlson Co-
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Fig. 1. Serial chest X-ray images from the COVID-19 patient described in case 1, demonstrating improvement
onday 1 (a), day 5 (b), and day 8 (c) after administration of IVIG. COVID-19, coronavirus disease 19; IVIG, in-

travenous immunoglobulin.

morbidity Index), Acute Physiology and Chronic Health Evalua-
tion Score (APACHE II Score), past medical history, vital signs,
oxygen requirements, key laboratory/inflammatory biomarker
evaluations, pertinent radiographs, days on mechanical ventila-
tion, days in hospital (intensive care unit [ICU]/medical floor),
IVIG daily dose and total dose, concomitant medications (includ-
ing drugs [other than IVIG] for treatment of COVID-19), and ad-
verse events.

Case Summaries

Between March and July 2020, 12 patients (9 men/3 women),
with an average age of 50 years (range: 23-74 years), met the cri-
teria for inclusion in the case series. An overview of demographic
information and case details are provided in Table 1.

Case 1

A 42-year-old male with no reported comorbidities presented
the following onset of COVID-19 symptoms and a positive test.
Following admission, he was initially given oxygen support. On
hospital day 2, he was also given hydroxychloroquine for 7 days.
Despite these interventions, the patient’s condition deteriorated.
He was moved to the ICU and intubated on day 5. The patient
continued to decline. On day 7, he was given IVIG for 1 day at 0.5
g/kg. Following IVIG administration, the patient’s clinical course
and chest X-ray improved (Fig. 1). He was extubated on day 18 and
discharged from the hospital on day 20.

Case 2

A 62-year-old woman, with diabetes mellitus, hypertension,
and history of breast cancer, presented following 5 days of cough-
ing, fever, and an increase in dyspnea. She tested positive for CO-
VID-19. She was admitted on room air but had rapidly worsening
hypoxia over the next 72 h requiring up to 6 L of O, via a nasal
cannula, with development of infiltrates on chest X-ray (Fig. 2).
Her fever increased to 39°C/102.2°F. On admission, she was given
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intravenous (IV) doxycycline and hydroxychloroquine. On hospi-
tal days 4-6, she was given IVIG at 0.5 g/kg per day premedicated
with methylprednisolone 40 mg IV. This was marked by a dra-
matic improvement in fever and oxygenation (Fig. 2). She was dis-
charged on hospital day 8 on room air.

Case 3

A 37-year-old male patient, who was healthy other than obe-
sity (BMI of 32), presented following 5 days of malaise with a
daily fever of 101°F. On admission, he tested positive for CO-
VID-19 and was placed on 3 L of O, via nasal cannula. Following
progressive respiratory failure, the patient was transferred to the
ICU on hospital day 3 and intubated on day 4. The patient con-
tinued to deteriorate and was placed on extracorporeal mem-
brane oxygenation (ECMO) on hospital days 7-14. While he was
weaned off ECMO and back onto mechanical ventilation, stag-
nant progress on the ventilator was observed where he remained
on 50-60% oxygen for 2 weeks and continued to test positive for
COVID-19. The patient received IVIG at 0.5 g/kg on hospital
days 30-32 with methylprednisolone, with significant improve-
ment in oxygenation and chest X-ray findings (Fig. 3). Approx-
imately 48 h after IVIG administration, the patient tested nega-
tive for COVID-19. He was removed from mechanical ventila-
tion on day 51 and weaned off oxygen on day 53. The patient was
discharged home ambulating on his own and breathing room air
on day 60.

Case 4

A 30-year-old male patient with sickle cell disease presented
with bone and abdominal pain consistent with sickle cell crisis.
However, his hemoglobin was 11.7 g/dL, inconsistent with crisis.
He then tested positive for COVID-19, but his chest X-ray was
negative. The patient developed hypoxemic encephalopathy and
was transferred to the ICU. He was given remdesivir and cortico-
steroids and intubated on hospital day 2. His laboratory assess-
ments at this point indicated a D-dimer of 115,000 ng/mL. The
patient received IVIG at 0.5 g/kg on hospital days 4 and 5 with

Herth/Sakoulas/Haddad
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Fig. 2. Clinical details from case 2 including pre-IVIG chest X-ray  middle panel the oxygen saturation (%), and the bottom panel the

(a), and vital sign changes in relation to IVIG administration, de-
noted by the red arrows (b). Top graph shows temperature curve,

Fig. 3. Chest X-ray images of the CO-
VID-19 patient described in Case 3 in rela-
tion to receipt of IVIG therapy, before (a)
and after (b), demonstrating rapidly im-
proved aeration. COVID-19, coronavirus
disease 19; IVIG, intravenous immuno-
globulin

rapid clinical improvement over 48 h and was extubated (Fig. 4).
Approximately 4 days following IVIG administration, his D-dimer
decreased to 46,000 ng/mL. He was breathing on room air on hos-
pital day 9 and discharged on hospital day 17.

IVIG for COVID-19

oxygen flow rate received by the patient over time. IVIG, intrave-
nous immunoglobulin; COVID-19, coronavirus disease 19.

Case 5

A 34-year-old woman (G4P2), with a history of asthma, pre-
sented with a pregnancy of 26 weeks. She had developed nausea,
vomiting, and dyspnea. She was admitted to the hospital 1 week
after onset of symptoms and tested positive for COVID-19. The
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Color version available online



Fig. 4. Chest X-ray images of the CO-
VID-19 patient described in Case 4 in rela-
tion to receipt of IVIG therapy, before (a)
and after (b), demonstrating rapidly im-
proved aeration. COVID-19, coronavirus
disease 19; IVIG, intravenous immuno-
globulin.

Fig. 5. Chest X-ray images of the CO-
VID-19 patient described in Case 5 in rela-
tion to receipt of IVIG therapy, before (a)
and after (b), demonstrating rapidly im-
proved aeration. COVID-19, coronavirus
disease 19; IVIG, intravenous immuno-
globulin.

Fig. 6. Chest X-ray images of the presumed
COVID-19 patient described in Case 6 in
relation to receipt of IVIG therapy, before
(a) and after (b), demonstrating rapidly
improved aeration. COVID-19, coronavi-
rus disease 19; IVIG, intravenous immuno-

globulin.

patient was given remdesivir and corticosteroids, but her worsen-
ing respiratory symptoms prompted mechanical ventilation on
hospital day 4. On hospital day 4, she developed acidosis, hypoten-
sion requiring vasopressors, and the fetus showed signs of distress
with heart rate decelerations. Betamethasone was administered for
fetal lung maturation planning for possible emergent cesarean sec-
tion. On hospital days 5-7, IVIG was administered at 0.5 g/kg. On
hospital day 6, after 1 dose of IVIG, hypotension and acidosis re-
solved. She was then weaned off vasopressors, and there were no
more signs of fetal distress. Following completion of IVIG therapy,
her D-dimers decreased from 3,600 to 900 ng/mL. She also had
gradual improvement in oxygenation with improvement in chest
X-ray aeration (Fig. 5). The patient was weaned off mechanical
ventilation after 11 days, breathing room air 3 days after extuba-
tion, and discharged on hospital day 19.

Case 6
A 23-year-old male without significant medical history was
brought in my family for 3 days of gradually worsening confusion,
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lethargy, and slow speech. Neurological evaluation and neuroim-
aging were normal, but he was profoundly hypoxemic, quickly re-
quiring a 100% nonrebreather mask to maintain oxygenation. His
chest X-ray showed extensive bilateral infiltrates (Fig. 6). He also
had an elevated high-sensitivity troponin of 604 pg/mL (normal
<19.8), Cr phosphokinase 982 U/L (normal 39-308) with elevated
CPK-MB at 9.5 ng/mL, D-dimer 2,177 ng/mL (normal <500), mild
increased transaminases, and lymphopenia, with an absolute lym-
phocyte count of 700/mm? (lower limit of normal 1,000/mm?). A
nasopharyngeal swab for severe acute respiratory syndrome coro-
navirus 2 was negative twice by nucleic acid amplification and by
IgG serological testing. An echocardiogram showed mild global
hypokinesis with an ejection fraction approximating 50%, without
any coronary abnormalities. The patient was given 3 doses of IVIG
0.5 g/kg with methylprednisolone 40 mg intravenously 30 min pre-
infusion, with very rapid improvement in oxygenation; he was
breathing room air in less than 72 h with improvement in his chest
X-ray (Fig. 6). His laboratory values improved, including a CRP
decline from 191 to 66 mg/L, troponin decline from 604 to 126 pg/

Herth/Sakoulas/Haddad



mL, and D-dimer decline from 2,177 to 1,342 ng/mL. He was dis-
charged home after 4 days in the hospital.

Case 7

A 64-year-old male without significant past medical history
was transferred to San Diego from Imperial County, California, for
higher level of care secondary to severe COVID-19 viral pneumo-
nia. On the day of transfer, he was placed on mechanical ventila-
tion and required vasopressor support. Unfortunately, he sus-
tained barotrauma with pneumomediastinum and bilateral apical
pneumothoraces requiring chest tubes. He continued to deterio-
rate clinically and on hospital day 6 was placed on venovenous
ECMO for 14 days. His ensuing hospital course was complicated
by Enterococcus faecalis bacteremia, Acinetobacter pneumonia,
and Candida parapsilosis fungemia. He received a tracheostomy
on hospital day 42 and was transferred from the ICU to the floor.
He continued to be COVID-19 positive by nucleic acid amplifica-
tion for 46 days. The patient’s course deteriorated again with an
increased oxygen requirement and hypotension, requiring trans-
fer back to the ICU. This was accompanied by a worsening in in-
flammatory markers with D-dimer increasing from 2,300 to 4,743
ng/mL and ferritin 1,181 to 1,774 ng/L on hospital day 48. The
patient received IVIG at 0.5 g/kg on hospital days 49-51, with
methylprednisolone 40 mg IV 30 min before each infusion. Inter-
estingly, he became COVID-19 test negative on hospital day 53,
improved clinically, and was transferred back to the medical floor.
After IVIG, his D-dimer decreased to 1,921 ng/mL, CRP decreased
from 72 to 9.8 mg/L, and ferritin was stable at 1,794 ng/mL. He was
discharged to a rehabilitation facility on hospital day 56.

Case 8

A 74-year-old woman with no reported comorbidities present-
ed following onset of COVID-19 symptoms for 2 days with a pos-
itive test. On admission, she was initially given oxygen support and
antibiotics. However, the patient’s condition rapidly deteriorated.
She was moved to the ICU on hospital day 1, intubated, and placed
on mechanical ventilation and ECMO. The patient was given an-
tibiotics on admission followed by remdesivir on hospital day 7.
The patient’s condition continued to worsen. On hospital day 32,
she was given IVIG for 4 days at 0.2 g/kg. Following IVIG admin-
istration, the patient’s condition improved. She was extubated on
hospital day 39. She was discharged approximately 2 weeks later.

Case 9

A 68-year-old male with obesity, diabetes mellitus, hyperten-
sion, coronary artery disease, and chronic obstructive pulmonary
disease (Charlson Comorbidity Index of 6) presented following
onset of COVID-19 symptoms for 7 days with a positive test. On
admission, he was initially given oxygen support and antibiotics.
On hospital day 3, the patient’s condition deteriorated. He was
moved to the ICU, intubated, and placed on mechanical ventila-
tion and ECMO. The patient was given antibiotics on admission
followed by tocilizumab on hospital day 5. He had also been taking
an ace inhibitor for 4 years that was continued during his hospital
stay. The patient’s condition continued to worsen. On hospital day
9, he was given IVIG for 3 days at 0.2 g/kg. At IVIG administration,
the patienthad an APACHEII Score of 28. Following IVIG admin-
istration, the patient’s clinical course improved. He was extubated
5 days following IVIG therapy. He continued to improve and was
discharged approximately 1 month later.

IVIG for COVID-19

Case 10

A 57-year-old male with obesity, hypertension, coronary artery
disease, and chronic obstructive pulmonary disease (Charlson Co-
morbidity Index of 7) presented following onset of COVID-19
symptoms for 8 days with a positive test. On admission, he was
started on oxygen support and antibiotics. On hospital day 3, the
patient was also given lopinavir for 5 days. He had also been taking
an angiotensin type-1 receptor antibody for 2 years that was con-
tinued during his hospital stay. Due to his worsening condition, he
was moved to the ICU on hospital day 3 and placed on mechanical
ventilation. On hospital day 15, he was given IVIG for 4 days at 0.2
g/kg. At IVIG administration, the patient had an APACHE II
Score of 27. Following IVIG administration, the patient’s clinical
course slowly improved. He was extubated 12 days following IVIG
therapy. He continued to improve and was discharged approxi-
mately 1 month later.

Case 11

A 72-year-old male with asthma and coronary artery disease
presented following onset of COVID-19 symptoms for 9 days with
a positive test. On admission, he was given oxygen support, but his
condition rapidly deteriorated. He was moved to the ICU and
placed on mechanical ventilation and ECMO. The patient’s condi-
tion continued to worsen. On hospital day 10, he was given IVIG
for 3 days at 0.2 g/kg. Following IVIG administration, the patient’s
clinical course slowly improved. He was extubated approximately
10 weeks following IVIG therapy. He continued to improve and
was discharged approximately 4 weeks after extubation.

Case 12

A 33-year-old male with no reported comorbidities presented
following onset of COVID-19 symptoms for 7 days and a positive
test. Following admission, he was given oxygen support and anti-
biotics. Despite these interventions, the patient’s condition dete-
riorated. To potentially prevent the need for mechanical ventila-
tion, the patient was given IVIG for 4 days at 0.5 g/kg on hospital
days 5-8. Following IVIG administration, the patient’s clinical
course rapidly improved. He was able to breathe on room air 1 day
following IVIG therapy on hospital day 10. He was discharged on
hospital day 12.

Discussion/Conclusions

This small retrospective case series provides a granular
view of 12 cases (11 confirmed, 1 highly suspected) of
COVID-19 infection resulting in moderate to severe hy-
poxia treated with IVIG. In all of these cases, IVIG ap-
peared to improve the clinical course, in some instances
with immediate and dramatic improvements demon-
strated by clinical symptomatology, chest imaging, and
laboratory values. These patients demonstrated an ex-
tremely high severity of illness with median and mean
APACHEII Scores of 13 and 16, respectively, with 5 of 12
requiring ECMO, and yet all 12 patients survived hospi-
talization.
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The total IVIG dose ranged from 0.5 g/kg to 2.0 g/kg
(median 1.25 g/kg) distributed over 1-4 daily doses. The
most common regimen received was 0.5 g/kg daily for 3
days. The median time of IVIG administration was 9 days
(range 0-48 days) after admission. The median time from
first IVIG dose administration to hospital discharge was
14 days (range 3-48). The 5 patients who received IVIG
<4 days of admission demonstrated a significantly short-
er length of hospital stay after treatment (median 7 days,
range 3-14 days) than the 7 patients who received it >7
days after admission (median 33 days, range 8-48 days,
p =0.03, Mann-Whitney U test).

While benefit of IVIG may be greatest when adminis-
tered early, several of these cases demonstrated improve-
ment after weeks of hospitalization. Also, of great inter-
est were 2 patients with a prolonged and protracted ill-
ness with continued COVID-19 (identified by nucleic
acid amplification for several weeks). After receiving
IVIG treatment, these patients improved enough to be
discharged from the hospital shortly thereafter and also
tested negative for COVID-19 immediately after treat-
ment.

While definitive, effective treatment of COVID-19 is
still lacking, the potential benefit of IVIG in COVID-19
and associated disorders appears to be materializing in
several published reports, including in cases of vasculitis
and multi-organ injury in the presentation of COVID-19
as a Kawasaki-like disease in children [15-22]. These 12
cases add additional evidence of IVIG benefit in CO-
VID-19, albeit small. More data will soon be available,
first of a pilot randomized open-label study of 33 patients
comparing IVIG with or without standard of care, and a
second more definitive randomized double-blinded pla-
cebo-controlled multicenter study performed under the
guidance of the US FDA.

With all of the unknowns posed by the COVID-19
pandemic, the data suggesting that IVIG might be benefi-
cial in COVID-19 seem to provide some level of reassur-
ance to clinicians given its widely appreciated use and
safety profile over decades. This contrasts to less familiar
immunomodulators used by specialists in oncology and
rheumatology or other agents that are altogether unap-
proved for clinical use at this point. Furthermore, given
immune system redundancies, IVIG appears to offer
global multifaceted mechanisms of immunomodulation
to counteract the immune dysregulation (i.e., “cytokine
storm”) seen in severe COVID-19 infection. Interesting-
ly, as the donor pool serving as the basis if IVIG manu-
facturing achieves increased immunity over time due to
increased exposure to severe acute respiratory syndrome
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coronavirus 2, it remains to be determined if additional
viral-specific mechanisms will build upon the immuno-
modulatory ones.

In addition to the small number of cases and that these
patients tended to be younger, this study was limited by
the fact that no comparator was analyzed. Therefore, de-
spite the immediate and dramatic improvements noted
clinically after IVIG administration, it would be hard to
definitively prove that IVIG was responsible for the im-
provement in clinical course.

In summary, we present 12 cases where IVIG appeared
to offer benefit to patients with severe COVID-19. More
data from prospective studies on the use of IVIG in CO-
VID-19 are highly anticipated in the coming months.
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