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ARTICLE INFO ABSTRACT

Keywords: The healthcare system in Iran, like most around the world, is managing thousands of patients hospitalised with
SARS-CoV-2 COVID-19. In Iran, in-hospital mortality is in the region of 25%, rising to 50-60% in patients admitted to
COVID-?Qh i Jobuli intensive care. Hyperinflammation, characterised by cytokine storm, appears to be a hallmark of severe COVID-
IgM'eI,mC e Immunoglobutin 19 and to date only the anti-inflammatory drug dexamethasone has been shown to reduce mortality in those
Hyperinflammation

hospitalised with the disease.

There is a sound scientific rationale behind the use of IgM-enriched immunoglobulin in the management of
patients with severe COVID-19. It has been used successfully in the management of hyperinflammation in pa-
tients with sepsis and has led to improved radiographic scores in patients with severe cases of severe acute
respiratory syndrome coronavirus (SARS-CoV) infection. Recently the successful treatment of a patient with
COVID-19 with IgM-enriched immunoglobulin was reported. Here we report the outcome of a further 15 patients
hospitalised with COVID-19 treated with IgM-enriched immunoglobulin. Improvements in computed tomogra-
phy (CT) score were observed in nine patients, indicating that further clinical studies into the use of IgM-enriched
immunoglobulin in the treatment of severe COVID-19 are warranted.

Cytokine storm
Intravenous immunoglobulin (IVIG)

strategies continue to evolve. Several therapies have been applied in
clinical settings, including supportive interventions, immunomodula-

1. Introduction

The world health organization (WHO) declared COVID-19 a ‘public
health emergency of international concern’ on 30 January 2020 [1].
Since its aetiological agent, severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), was identified, COVID-19 has been associated
with the deaths of almost 3 million people around the world [2]. The
disease itself has a highly variable clinical course. Although estimates
are highly variable, in the general population as many as 75% of infected
individuals are asymptomatic [3] but ~15% experience severe pneu-
monia, accompanied by multisystem failure, that can ultimately lead to
death [4].

As the scientific and medical communities expand their under-
standing of SARS-CoV-2 infection and COVID-19, management
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tory agents, antiviral therapy and transfusion of convalescent plasma
[5]. Few treatment options have been shown to confer a survival
advantage, with the recent SOLIDARITY trial [6] reporting that
remdesivir, along with hydroxychloroquine, lopinavir and interferon,
had no impact on overall mortality, initiation of ventilation or duration
of hospital stay.

The exception to this is the glucocorticoid dexamethasone, which has
been shown to improve survival among COVID-19 patients receiving
either invasive mechanical ventilation or oxygen [7,8]. Recent studies
have shown that the addition of immune modulators, such as the
interleukin 6 (IL-6) receptor antagonists tocilizumab or sarilumab,
confers an additional survival advantage in critically ill patients [9,10].
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The overreaction of the body’s immune system and hyper-
inflammation, the so-called ‘cytokine storm’, is a characteristic feature
of COVID-19 in severely affected patients. In these patients there are
increased serum levels of inflammatory markers, such as C-reactive
protein (CRP) and IL-6 [4]. This potentially fatal hyperinflammation
provides a rationale for the use of IgM-enriched immunoglobulin in the
treatment of patients infected with SARS-CoV-2. Sepsis patients in a
state of hyperinflammation have derived benefit from treatment with
IgM-enriched immunoglobulin. In addition to the prevention of hyper-
inflammatory responses by decreasing proinflammatory cytokines and
increasing anti-inflammatory cytokines, IgM-enriched immunoglobulin
has a number of mechanisms of action that suggest therapeutic potential
in this disease, including phagocytosis of pathogens, neutralisation of
bacterial endo- and exotoxins, and immunomodulation via interaction
with complement factors [11]. In these patients, adjuvant polyclonal
IgM has resulted in an improved clinical course [12], presumably
through support of physiological immune defence. In addition, IgM-
enriched immunoglobulin, containing 12% IgM, 12% IgA and 76%
IgG antibodies against a variety of pathogens, may prevent secondary
bacterial infections in COVID-19 patients. Bacterial co-infections and
secondary bacterial infections are increasingly observed in COVID-19
patients with severe disease [13,14].

Significant improvements in radiographic scores were observed after
IgM-enriched immunoglobulin treatment (Pentaglobin® [Biotest AG,
Dreieich, Germany]) of patients with severe SARS-CoV in whom corti-
costeroid therapy was ineffective [15]. The value of IgM-enriched
immunoglobulin in the management of hyperinflammatory septic con-
ditions [11] and the uneventful recovery of the patients with severe
SARS-CoV [15] may be considered sufficient reason to consider its use in
patients infected with SARS-CoV-2 [16]. Accordingly, the successful
treatment of a COVID-19 patient with IgM-enriched immunoglobulin
(Pentaglobin®) has been reported [17]. The authors of the report
concluded that their experience was compatible with the concept that
the early use of intravenous immunoglobulins, such as IgM-enriched
immunoglobulin, can slow down hyperinflammation and provide
immunological support in COVID-19-related pneumonia. Here we add to
this evidence by reporting the outcome of 15 patients with COVID-19-
related pneumonia treated with IgM-enriched immunoglobulin in Iran.

2. Methods
2.1. Setting

The current study was conducted on adult COVID-19 patients be-
tween June and August 2020, at Masih Daneshvari Hospital, a
university-affiliated and selected referral centre for COVID-19 in Teh-
ran, Iran.

2.2. Patients

Patients aged >18 years with reverse transcriptase polymerase chain
reaction (RT-PCR)-confirmed COVID-19 satisfying the following criteria
were recruited to the study: acute respiratory distress syndrome (PaO2/
FiO3 < 300 mmHg); oxygen saturation <94%; deteriorating condition
after 72 h despite national COVID-19- guideline-recommended medi-
cations; bilateral pulmonary infiltration; informed written consent
(signed by the patient themselves or their legal representative). Patients
with state 4/5 chronic kidney disease, decompensated liver disease
(Child-Pugh C), known allergy to human immunoglobulins or a history
of IgA deficiency were excluded.

The study was approved by the ethics committee of Shahid Beheshti
University of Medical Sciences (ethics code number: IR.SBMU.NRITLD.
REC.1399.014) and registered in the Iranian Registry of Clinical Trials
with the registration number of IRCT20151227025726N18.
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2.3. Intervention

Patients received 5 ml/kg/day Pentaglobin® for three consecutive
days 72 h after admission if there were no clinical improvement despite
of standard treatment with the standard and supportive care (oxygen
therapy and anticoagulation) according to national guidelines for
COVID-19.

Patients underwent spiral computed tomography (CT) scanning
without contrast on admission to hospital. CT scoring was performed by
an expert radiologist with the score (range 0-25) defined as the sum of
lung involvement (0: 0%, 1: <5%, 2: 5-25%, 3: 25-50%, 4: 50-75%, 5:
>75%) of each lobe, including ground glass opacity, crazy paving and
consolidation. Subsequent CT scans were performed based on clinical
symptoms, with a final follow-up, which was performed after 4 weeks in
patients who recovered.

Microbiological identification of SARS-CoV-2 infection was per-
formed using RT-PCR to detect SARS-CoV-2 in clinical samples. Stan-
dard clinical and laboratory measurements were taken prior to IgM-
enriched immunoglobulin administration and after the course of treat-
ment, on Day 4.

The physicians’ overall assessment of patient outcomes was per-
formed after IgM-enriched immunoglobulin treatment and graded as
follows: very much improved, improved, no change, worsened, very
much worsened after evaluation of pre- and post-treatment lung CT
scans.

3. Results
3.1. Patient characteristics

During May and June 2020, 15 patients with confirmed SARS-CoV-2
infection were treated with IgM-enriched immunoglobulin in Masih
Daneshvari hospital in Iran. Their demographics and clinical charac-
teristics are given in Table 1. All but two patients were receiving anti-
viral therapy and remained on this therapy throughout treatment with
IgM-enriched immunoglobulin. All patients were receiving antibiotics
and corticosteroids. In line with the inclusion criteria all patients had
pneumonia and two-thirds had at least one other underlying condition

Table 1
Demographics and patient characteristics.

Patients (N = 15)

Male sex, n (%) 8 (53.3)
Age, years, mean (SD) 54 (17.2)
Weight, kg, mean (SD) 81.9 (14.4)
Height, cm, mean (SD) 167.8 (9.8)
Blood group, n (%)
A 6 (40.0)
B 3(20.0)
AB 2(13.3)
(0] 4 (26.7)
Treatment at study entry, n (%)
Antivirals 13 (86.7)
Favipiravir 8(53.3)
IFN-B 7 (46.7)
Hydroxychloroquine 1(6.7)
Remdesivir 1(6.7)
Antibiotics 15 (100)
Corticosteroids 15 (100)
Other (eg, tocilizumab) 6 (40.0)
Medical history
Pneumonia, n (%) 15 (100)
Fever, n (%) 10 (67.7)
Underlying disease, n (%)
With 1 underlying disease 9 (60.0)
With 2 underlying disease 6 (40.0)
Tachycardia or bradycardia* 7 (46.7)

IFN, interferon; SD, standard deviation; bpm, beats per minute.
" Tachycardia: >200 bpm; bradycardia: <80 bpm.
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(Table 1). CT scores at admission ranged from 9 to 25. At the time of
IgM-enriched immunoglobulin administration, five patients were on
invasive mechanical ventilation in the intensive care unit (ICU).

3.2. Patient response to treatment and outcomes

All patients received IgM-enriched immunoglobulin at the recom-
mended dose of 5 ml (0.25 g)/kg body weight daily on three consecutive
days. Clinical and laboratory parameters before and after administration
of IgM-enriched immunoglobulin are shown in Table 2. On Day 4 after
treatment with IgM-enriched immunoglobulin, all clinical parameters
remained stable.

As expected, immunoglobulin levels of all three classes (IgM, IgA and
IgG) were increased after treatment with IgM-enriched immunoglob-
ulin. Of note, CRP levels in five patients improved towards the normal
range (Table 3).

Only seven patients had pre- and post-treatment data for the in-
flammatory marker IL-6. In these patients, pre-treatment values were
between 3.9 and 17.8 pg/mL, largely in line with levels expected in
healthy adults (5-15 pg/mL). The impact of treatment on these pa-
rameters was variable (data not shown). Minimum leucocyte counts
ranged from 3.8 to 11.7 x 10%/ul and 3.9 to 19.6 x 10%/pl in patients
pre- and post-IgM-enriched immunoglobulin, respectively, and were
therefore largely within the normal range for healthy adults (4-11 x
10%/puD).

Five patients (33.3%) died (sepsis + multiorgan failure [Patient 3];

Table 2
Clinical and laboratory measurements before and after administration of IgM-
enriched immunoglobulin.

Before IgM-enriched After IgM-enriched

immunoglobulin immunoglobulin
(Day 0; N = 15) (Day 4; N = 15)
Clinical parameters*
Heart rate, bpm 79-99 72-93
SBP, mmHg 97-127 100-122
MAP, mmHg 77 — 82" 76 — 87°
Body temperature, °C 36.7-37.7 36.7-37.3
Respiratory rate, breaths/ 27-33 22-27
min
Mean arterial pH 7° 7°
Mean urinary excretion/ 2070" 2174"
24 h, mL
Laboratory values, mean (SD)
Serum creatinine,” mg/dL. 1.2 (0.3) 1.1 (0.3)
Glucose, mg/dL 150.7 (56.1) 151.4 (75.9)
CRP, mg/L 33.3(20.8) 16.5 (21.3)'
Minimum leucocyte 7.5 (2.9)° 9.5 (4.3)°
count, x10%/pL
Platelets, x 10%/pL 210.1 (97.7) 211.8 (107.9)'
Haematocrit," % 38.2 (4.4) 36.9 (4.1)°
IL-6, pg/mL 13.4 (6.7)" 10.7 (8.0)¢
Immunoglobulins, mg/dL
IgM 94.9 (27.4)¢ 157.0 (47.2)"
1gG 794.7 (311.7)° 888.4 (153.1)'
IgA 170.7 (21.4)¢ 220.1 (61.2)"

bpm, beats per minute; CRP, C-reactive protein; IL-6; interleukin 6; MAP, mean
arterial blood pressure; SBP, systolic blood pressure; SD, standard deviation.

" Range of mean values, unless otherwise stated.

# Includes one patient with urinary excretion of 400 ml/24 h.

¥ Minimum values.

an=13.
b n=10.
‘n=14.
dn=7.
¢ n=6.
fn=11.
8 n=12.
hpn=s.
fn=9
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Table 3
CRP levels (mg/L) in patients with pre- and post-treatment data.

Patient Before IgM-enriched After IgM-enriched
immunoglobulin immunoglobulin
(Day 0) (Day 4)

Patient 1 9 ND

Patient 2 33 6"

Patient 3* 29 1

Patient 4 9 3

Patient 5 41 8"

Patient 6 1 1

Patient 7* 45 17

Patient 8 25 ND

Patient 9 59 ND

Patient 10 47 32

Patient 11 66 66

Patient 12 50 49

Patient 13 59 ND

Patient 14 26 107

Patient 15 1 5

Some individuals with values up to 10 mg/L remain in good health).
CRP, C-reactive protein; ND, no data.

" Patient died.

# Patient improved towards normal CRP value (normal CRP in adults is
0.8-3.0 mg/L.

sepsis + shock [Patient 11]; sepsis + pulmonary thromboembolism
[Patient 13]; respiratory failure [Patient 14]; cardiac arrest [Patient 7]).
Four of these five patients had been on invasive mechanical ventilation
at the time of IgM-enriched immunoglobulin administration. The five
patients in ICU spent an average of 6.2 (2.0) days in ICU out of a mean
total stay in hospital of 7.6 (4.1) days.

Patient outcome, assessed by the treating physician and based on
comparison of CT scores before and 4 weeks after treatment with IgM-
enriched immunoglobulin, improved in the remaining 9/10 patients
(‘very much improved’, n = 5 [50.0%]; ‘improved’, n = 4 [40.0%]) and

Table 4
Lung CT scoring of patients (0-25).

Patient  Outcome Score on Last Score after Magnitude of
admission score in 4 weeks in change in

patients patients patients who
who died who were were
discharged discharged”

1 Discharged 13 - 2 1

2 Discharged 16 - 3 1

3 Died 24 24 — —

4 Discharged 18 - 8 2

5 Discharged 18 - 8 2

6 Discharged 18 - 17 3

7 Died 24 ND — —

8 Discharged 10 - 0 2

9 Discharged 17 - 4 1

10 Discharged 15 - 6 2

11 Died 20 15 - -

12 Discharged 25 - 5 1

13 Died 9 25 - —

14 Died 16 22 - -

15 Discharged 20 - 5 1

CT, computed tomography; ND, no data.

* In patients who died, the last CT scan was performed approximately 2-3 days
prior to death as their condition worsened.

# Change defined as percent improvement or progression: score on admission
minus score after 4 weeks/25 x 100 and categorised as follows: 1, very much
improved (>40% improvement in lung infiltration); 2, improved (11-40%
improvement in lung infiltration); 3, no change (<10% change in lung filtra-
tion); 4, worse (11-40% progression in lung filtration); 5, very much worse
(>40% progression in lung filtration).
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they were able to be discharged (Table 4). Despite no apparent
improvement in CT score Patient 6 was discharged with consent, for
personal reasons. Representative CT scans from Patient 1 and Patient 2,
before and after treatment with IgM-enriched immunoglobulin, are
shown in Figs. 1 and 2, respectively. One of the patients who died (Pa-
tient 11) had shown an improvement in CT score (Table 4).

4. Discussion

The variable clinical presentation of patients with SARS-CoV-2
infection, and the unpredictable course of COVID-19, suggests that
optimal management will vary between patients and that multiple
treatment options will be required [18]. Dexamethasone has been
shown to have a positive impact on mortality when used as mono-
therapy in some patient populations [7,8] and tocilizumab has been
shown to confer a survival advantage in critically ill patients already
receiving corticosteroids, including dexamethasone [10]. These thera-
pies, together with the antiviral remdesivir, are the only interventions
recommended currently in international guidelines for the management
of patients hospitalised with COVID-19 [19].

Hyperinflammation, characterised by the ‘cytokine’ storm, is a
feature of severe COVID-19. In addition to prevention of hyper-
inflammatory responses by decreasing proinflammatory cytokines and
increasing anti-inflammatory cytokines, IgM-enriched immunoglobulin
has a number of mechanisms of action that suggest therapeutic potential
in this disease, including phagocytosis of pathogens, neutralisation of
bacterial endo- and exotoxins, and immunomodulation via interaction
with complement factors [11]. In support of this, IgM-enriched immu-
noglobulin has improved the clinical course of patients with sepsis,
especially those in a stage of hyperinflammation [11] and may reduce
associated mortality [12]. In addition, experience of the use of IgM-
enriched immunoglobulin in the treatment of SARS-CoV has been
promising [15]. Together, this provides a sound rationale for the use of
IgM-enriched immunoglobulin in patients with severe COVID-19.

We treated 15 patients hospitalised with severe COVID-19 with the
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recommended regimen of IgM-enriched immunoglobulin. In line with
the recognised variable and unpredictable course of SARS-CoV-2 infec-
tion and COVID-19, the response to treatment varied between patients.
Previous studies have reported in-hospital mortality rates in Iran in the
region of 25% [20], rising to ~60% in intensive care [21]. In our study,
5/15 patients with severe COVID-19 died (33%), including 3/5 patients
(60%) admitted to ICU.

In our study, overall assessment of response was based on lung CT
scoring (0-25) and our results were largely consistent with the findings
of Francone et al. [22] who demonstrated that, on multivariate analysis,
patients with a lung CT score of >18 had an almost 4-fold increased risk
of death versus those with lower scores. In our study, 4/5 patients who
died had CT scores >18 at the last measurement. The last CT score in the
fifth patient who died was 15. The study by Francone et al. also reported
a significant correlation with CRP levels (p < 0.001; r = 0.6625). In our
study, this correlation is unclear.

To our knowledge there is only one other case report in the literature
of a patient with severe COVID-19 treated with IgM-enriched immuno-
globulin [17]. The patient in this study was treated with the same
treatment protocol as our current case series. Although this case report
does not include data on lung CT scoring and CRP values were sub-
stantially lower than reported here, lung CT scans showed marked im-
provements 10 days after administration of IgM-enriched
immunoglobulin, in line with observations reported in the discharged
patients in our study.

Our study has limitations associated with isolated case reports. Data
are incomplete for several variables, including CT scans and CRP mea-
surements. Although in patients with pre- and post-IgM-enriched
immunoglobulin measurements CRP levels largely decreased,
improving towards normal in five patients, two patients in whom de-
creases had been most dramatic died. Details of CRP levels at time of
death are not available. In patients with data available, IL-6 levels were
only increased marginally versus normal values prior to treatment with
decreases of one order of magnitude observed in two patients after
treatment. A lack of a control group is another limitation of the study

A: Before

B: After

d

_

Panel A shows the CT scan of Patient 1, a 30-year-old woman with severe COVID-19-related pneumonia and severe

hypoxia on admission (CT score: 13/25). Panel B shows a CT scan of the same patient performed 4 weeks later showing

marked improvement (CT score: 2/25). This patient was designated ‘very much improved’ based on physician assessment.

CT, computed tomography

Fig. 1. Spiral lung CT scan without contrast of Patient 1 before (A) and after (B) treatment with IgM-enriched immunoglobulin. Panel A shows the CT scan of Patient
1, a 30-year-old woman with severe COVID-19-related pneumonia and severe hypoxia on admission (CT score: 13/25). Panel B shows a CT scan of the same patient
performed 4 weeks later showing marked improvement (CT score: 2/25). This patient was designated ‘very much improved’ based on physician assessment. CT,

computed tomography.
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A: Before

B: After

Panel A shows CT scans of Patient 2, a 37-year-old woman with severe/critical COVID-19 on admission (CT score: 16/25).

Panel B shows CT scans of the same patient performed 4 weeks later (Day 30 post-admission), showing resolution of

previous ground-glass opacity and consolidation (CT score: 3/25). This patient was designated ‘very much improved’ based

on physician assessment.

CT, computed tomography

Fig. 2. Spiral lung CT scans without contrast of Patient 2 before (A) and after (B) treatment with IgM-enriched immunoglobulin. Panel A shows CT scans of Patient 2,
a 37-year-old woman with severe/critical COVID-19 on admission (CT score: 16/25). Panel B shows CT scans of the same patient performed 4 weeks later (Day 30
post-admission), showing resolution of previous ground-glass opacity and consolidation (CT score: 3/25). This patient was designated ‘very much improved’ based on
physician assessment. CT, computed tomography. Side effects commonly associated with administration of IgM-enriched immunoglobulin, including haemolytic

anaemia and kidney failure were not reported.
due to the shortage of the study medication and the ethical issues.
5. Conclusion

The administration of IgM-enriched immunoglobin seems to have a
beneficial effect on the hyperinflammation observed in some patients
with COVID-19 and associated outcomes evidenced by improved CT
scores, but results are variable. Its use in patients with SARS-CoV-2
infection warrants further investigation to evaluate the true impact of
IgM-enriched immunoglobulin on the clinical course of COVID-19 and
to ascertain whether there is a particular subpopulation of patients that
are likely to derive most benefit from treatment.
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