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Abstract

Cytokine release syndrome (CRS) is known to be associated with severe coro-
navirus disease 2019 (COVID-19). Multiple anti-inflammatory therapies such
as tocilizumab, corticosteroids, intravenous immunoglobulin (IVIG), and
haemoadsorption or haemoperfusion have been used to combat this life-
threatening condition. However, immunocompromised hosts are often
omitted from research studies, and knowledge on the clinical efficacy of these
therapies in immunocompromised patients is therefore limited. We report
two cases of immunocompromised patients with severe COVID-19-related
CRS requiring mechanical ventilation who were treated with multimodality
treatment consisting of tocilizumab, IVIG, and haemoperfusion. Within 48 h,
both patients showed clinical improvement with PaO2:FiO2 ratio and
haemodynamic stability. Both survived to discharge. There were no adverse
events following these therapies. In conclusion, combined therapeutic modali-
ties, possibly tailored to individual inflammatory profiles, are promising treat-
ment for severe COVID-19 infection in the immunocompromised host.
Timely administration of adjunctive therapies that alleviate overwhelming
inflammation may provide the best outcome.

Introduction

In December 2019, a cluster of unexplained pneumonia
cases were initially diagnosed in Wuhan, the capital of
Hubei province, China. A new beta-coronavirus, now
named severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), was identified as the cause of coronavi-
rus disease 2019 (COVID-19). Two months after the index
case of COVID-19 pneumonia in Wuhan, the disease out-
break of COVID-19 acute respiratory disease resulted in
more than 70,000 confirmed cases and 2718 deaths officially
reported in mainland China. On 30 January 2020, WHO

declared a Public Health Emergency of International
Concern regarding the outbreak of COVID-19 in China.
The pandemic has since infected more than 90 million peo-
ple resulting in over 2 million deaths worldwide.

Among COVID-19 patients, clinical symptoms may
range from mild upper respiratory tract symptoms to
severe acute respiratory distress syndrome (ARDS), with
some progressing to multiorgan failure [1]. Initial retro-
spective studies in China reported that patients requiring
intensive care unit (ICU) admission had elevated inflam-
matory cytokines and chemokines in serum compared to
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those not requiring ICU admission which suggest that cyto-
kine release syndrome (CRS) might play an important role
in the pathogenesis of severe COVID-19 infection [2]. Fur-
thermore, interleukin (IL)-6 was also found to be elevated in
severe COVID-19 infection which is suspected to be driven
by viral infection; therefore, IL-6 receptor blockade may
potentially be an effective treatment for this resulting over-
whelming inflammation. Treatment for COVID-19 pneumo-
nia has been focused on both eradicating the virus itself as
well as diminishing the inflammatory response from cyto-
kine storms, which is believed to be responsible for multi-
organ failure in patients infected with COVID-19.

While established protocols for patients with severe dis-
ease are currently available, immunocompromised patients
are often omitted from clinical studies. As a result, the effi-
cacy of adjunctive treatment in immunocompromised
patients is commonly extrapolated from studies in normal
hosts. Clinical experience in immunocompromised hosts is
limited to case reports and case series. In addition to stan-
dard treatment, intravenous immunoglobulin (IVIG),
haemoadsorption, and tocilizumab would be potential
therapies in those with severe disease and may be even
more beneficial in patients who are immunocompromised.

We report two immunocompromised patients with
severe COVID-19 pneumonia who successfully underwent
multimodality treatment with tocilizumab, IVIG, and
haemoperfusion as adjunctive therapies. Evidence on anti-
inflammatory therapies as adjunctive treatment for severe
COVID-19-related CRS is also reviewed.

Case Report

We, herein, reported two patients with severe COVID-19
pneumonia who were treated with favipiravir-based regimen
combined with other antimicrobial agents. Multimodality

treatment with tocilizumab, IVIG, and haemoperfusion was
used as adjunctive therapy. Both patients were on mechanical
ventilation using lung protective ventilation strategies, seda-
tion, and neuromuscular blocking agent. Mode of oxygen
therapy, laboratory data, and adjunctive treatments given in
each patient were summarized in time sequence as shown in
Figures 1 and 2.

Case 1

A 58-year-old woman with a known history of HIV infec-
tion, diabetes, and dyslipidaemia was presented. Her last
CD4 count was 700 cell/mm3 with good virological sup-
pression. She had fever, cough, and myalgia for six days
prior to admission. The real-time reverse transcriptase-
polymerase chain reaction (RT-PCR) from her nasopha-
ryngeal and throat swab was positive for SARS-CoV-2. No
pulmonary opacity was shown in her initial chest X-ray
(Fig. 3). Favipiravir, hydroxychloroquine (HCQ), and
darunavir/ritonavir (DRV/r) were administered.
On day 6 of admission, she developed dyspnoea with SpO2

(peripheral capillary oxygen saturation, on ambient air) of
93%. Her follow-up chest X-ray showed multifocal patchy
opacity in both middle and lower lung zones. Haemoculture
was identified as Acinetobactor baumannii. Her clinical condi-
tion rapidly progressed to ARDS on the same day which
required invasive mechanical ventilation (PaO2:FiO2 ratio was
260). Repeat RT-PCR for SARS-CoV-2 was still positive with
cycle threshold (ct) of 20. COVID-19-induced CRS and
co-infection with A. baumannii septicaemia were thought to
be responsible for clinical deterioration. Two sessions of poly-
myxin B haemoperfusion (PMX-HP) were performed on days
6 and 7 of admission. Ampicillin-sulbactam, colistin, and sul-
perazone were also given empirically which later de-escalated
to ceftazidime.

Figure 1. Summary of mode of oxygen therapy and adjunctive treatments given in each patient in time sequence.
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Figure 2. Laboratory investigations of each patient in time sequence.

Figure 3. Chest radiographs on initial presentation, on the day before each adjunctive therapy, and on discharge date.
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After the second session of haemoperfusion, her body
temperature returned to normal but became hypotensive.
Echocardiography revealed a cardiac ejection fraction of
30% and apical wall hypokinesia consistent with stress-
induced cardiomyopathy. The patient was started on nor-
epinephrine and dobutamine for combination septic and
cardiogenic shock. Inflammatory markers were elevated:
IL-6 was 1091 pg/mL, ferritin was 3316 ng/mL, hs-CRP
was 228 mg/L, D-dimer was 2174 ng/mL, and lactate dehy-
drogenase (LDH) was 492 U/L. Her chest X-ray showed
progression to diffuse bilateral ground-glass and patchy
opacity (Fig. 3). A single dose of tocilizumab (400 mg) was
administered intravenously. Her clinical status was
improved significantly after haemoperfusion followed by
tocilizumab. Vasopressors were weaned off and PaO2:FiO2

ratio was increased to 500 within 48 h of tocilizumab
administration. She remained on invasive mechanical ven-
tilation for another five days and was successfully
extubated on day 12 of admission. She was discharged
from the hospital with a total length of stay of 22 days.
The time to negative RT-PCR for SARS-CoV-2 was
15 days after admission.

Case 2

A 69-year-old man, partially dependent on most activity of
daily living, with a known history of relapse multiple mye-
loma (MM) IgG kappa stage II presented with spinal cord
compression at the level of T3–T7 receiving laminectomy
and fusion surgery, triple vessel disease, diabetes, and
hypertension. He presented at emergency room with dys-
pnoea and myalgia for one week. His vital signs were body
temperature (BT) 37.4�C, respiratory rate (RR) 30/min,
blood pressure 60/40 mmHg, and SpO2 (on ambient air)
64%. On admission (seventh day of symptom onset), he
was mechanically ventilated due to hypoxaemic respiratory
failure. The RT-PCR for SARS-CoV-2 was detected from
nasopharyngeal swab and tracheal suction. The initial
chest X-ray showed bilateral patchy opacity (Fig. 3).
Favipiravir, HCQ, azithromycin, and ceftriaxone were
administered afterwards. His haemodynamic stability was
maintained by norepinephrine. Fludrocortisone was con-
comitantly administered with a high suspicion of auto-
nomic dysreflexia as the history of spinal cord
compression.

On day 2 of admission, due to worsening of his
haemodynamic stability and oxygenation (PaO2:FiO2 ratio
of 130), we decided to initiate PMX-HP for two consecu-
tive days (days 2 and 3 of admission). The level of endo-
toxin activity assay (EAA) before haemoperfusion was
0.58 U. On day 4 (11th day of symptom onset), he still
had haemodynamic instability and worsening hypoxaemia
requiring higher dose of norepinephrine and FiO2 (PaO2:

FiO2 ratio of 143). Laboratory results showed elevation of
the inflammatory markers: IL-6 was 426.2 pg/mL, ferritin
was 190.5 ng/mL, hs-CRP was 225 mg/L, D-dimer was
7979 ng/mL, and LDH was 321 U/L. The sputum culture
was identified as Klebsiella pneumoniae. Single dose of
tocilizumab (400 mg) and piperacillin-tazobactam was
administered. Nevertheless, the patient’s condition did not
improve including haemodynamic instability and persis-
tent low PaO2:FiO2 ratio; 25 mg of IVIG (Flebogamma®,
Grifols, DKSH, Spain) was administered for four consecu-
tive days (days 6–9 of admission). Eventually, the PaO2:
FiO2 ratio was increased to 180–230 and norepinephrine
could be weaned off on day 13. His clinical condition was
complicated with secondary bacterial cellulitis which was
managed by antibiotic. However, he could be successfully
extubated with a total 31 days of mechanical ventilation
and discharged with a total length of stay of 45 days. The
time to negative RT-PCR for SARS-CoV-2 was 21 days.

Discussion

CRS-related ARDS and secondary haemophagocytic
lymphohistiocytosis (sHLH) are two distinct constellation
of symptoms which are believed to attribute to the high
mortality rate among COVID-19 patients with respiratory
failure [3–5]. CRS has previously been observed following
chimeric antigen receptor (CAR) T-cell therapy and thera-
peutic antibodies administration but has also been seen in
certain viral infections such as SARS-CoV-1 and now in
SARS-CoV-2. In addition, the characteristics of hyper-
inflammation reported in severe COVID-19 infection also
resemble sHLH triggered by other viral infections [2].
However, the clinical syndrome of these two entities might
be indistinguishable. Early detection of hyperinflammatory
state and selection of life-saving therapies should be done
to prevent clinical deterioration in severe COVID-19
patients.
In our critical cases of COVID-19, both were immuno-

compromised patients with hypoxaemic respiratory failure
requiring invasive mechanical ventilation. At the time of
the first wave of the pandemic in Thailand, there were lim-
ited clinical data available for the treatment of severe
COVID-19. Aiming to prevent clinical deterioration in
patients with CRS, tocilizumab, IVIG, haemoperfusion,
and corticosteroids had been introduced as part of treat-
ment in our centre. Dhakal et al. reported the overall mor-
tality rate of 57% from the case series of MM patients
infected with COVID-19 and none of them received
tocilizumab [6]. Up to now, additional data on the clinical
efficacy of these therapeutic modalities used for cor-
onaviruses were published, particularly COVID-19 infec-
tion. These adjunctive treatments will be discussed and
reviewed.
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Tocilizumab

The upregulation of cytokines and chemokines, IL-6, is
thought to be a major step in the immunopathogenesis of
COVID-19-related ARDS. Inhibition of IL-6 should there-
fore theoretically be effective in suppressing overwhelming
inflammation found in COVID-19 [7]. Tocilizumab is a
humanized anti-IL-6 receptor which is Food and Drug
Administration (FDA)-approved for use in rheumatoid
arthritis, CAR T-cell-induced CRS, and various other rheu-
matological conditions. Off-label use of tocilizumab in
severe COVID-19 infection was found to be effective in
the treatment of COVID-19 patients [8].

In critically ill patients infected with COVID-19, remark-
able improvement of respiratory parameters and return of
body temperature to normal were observed after tocilizumab
treatment [9–11]. Another observational study of combina-
tion of low-dose methylprednisolone and tocilizumab was
conducted in 15 patients at a single centre in China. Patients
who achieved normalization of IL-6 levels with tocilizumab
and methylprednisolone had clinical stabilizations rather
than disease progression [12]. In contrast, some retrospective
case–control study failed to demonstrate the mortality bene-
fit of using tocilizumab in severe COVID-19 patients
[13,14]. Of note, another non-randomized observational
study using intravenous or subcutaneous tocilizumab in
severe or critical COVID-19 patients showed significantly
higher survival rates compared to patients not receiving
tocilizumab [15,16]. Recently, the preliminary result of ran-
domized controlled COVACTA trial and BACC bay trial
showed disappointing result of tocilizumab that failed to
improve the patient mortality or intubation in moderately
severe non-intubated COVID-19 [17,18]. However, a lower
primary outcome event rate of intubation and death may
have limited the treatment effect of tocilizumab in this study.
In contrast, sarilumab, another IL-6 inhibitor, did show a
trend towards decreased mortality in a recent randomized
controlled study in critically ill patients [19]. It remains to be
seen whether IL-6 inhibitors may be of use in our most criti-
cal patients.

In addition, in a case of extremely high level of IL-6,
repeated dose of tocilizumab is suggested [12]. The pro-
spective study in Italy also reported that two to three doses
of tocilizumab (800 mg), 12–24 h apart, may be an effec-
tive treatment in COVID-19 pneumonia-related hyper-
inflammatory syndrome [11]. However, as our
immunocompromised cases with worsening CRS despite
receiving single dose of tocilizumab, the IL-6 level in the
second case was still high (Fig. 2). Given the risk of its
immunomodulatory effect, we believed that the risks of
repeated dose might outweigh benefits in our cases. Fur-
thermore, the clinical efficacy of tocilizumab in immuno-
compromised patients was reported in one case of MM
patient who was successfully treated with tocilizumab as

well as a case series in kidney transplant recipients [20,21].
Other than case reports and series, there are no controlled
trials on the use of IL-6 inhibitors in immunocompro-
mised hosts with COVID-19. Hence, the risk–benefit pro-
file of using tocilizumab in such cases should be carefully
considered.

Intravenous immunoglobulin

Data on the immunomodulatory effects of IVIG have been
shown to regulate multiple steps in complex network of
immune systems depending on the immunopathogenesis
of those diseases. Fc receptor-mediated effect, regulation of
T cells, regulation of B cells and antibodies, activation of
complements, cytokines neutralization and inhibition
of downstream mediator gene transcription, toxin scaveng-
ing, and regulation of apoptosis were demonstrated to be
the responsible immunomodulatory pathways [22–24].
However, immunoglobulin was prepared from the plasma
of a donor who had high titres of neutralizing activities
against a specific organism, so-called hyperimmune IVIG
(H-IVIG). Both IVIG and H-IVIG have always been intro-
duced to be part of the treatment regimen or prevention of
the emerging infectious diseases.

The efficacy of IVIG or H-IVIG in viral infection had
been investigated and found to be of potential benefit in
specified viral subgroups. During the pandemic of 2009
influenza A(H1N1), the early use of H-IVIG within five
days of symptom onset was associated with lower viral
load. However, the survival benefit of H-IVIG with neu-
tralizing activities against H1N1 strain over normal IVIG
without its neutralizing activities remains unclear [25].
Furthermore, H-IVIG using high-titre anti-influenza
plasma also failed to show survival benefit in treating hos-
pitalized patients infected with influenza A or B compared
to placebo [26].

The published studies of IVIG in treating SARS-CoV
infection were also inconclusive due to the retrospective
nature of the study. IVIG may be effective in selected
SARS-CoV patients with leukopenia and/or thrombocyto-
penia, radiological progression of the chest radiography, or
haemophagocytic syndrome [27,28]. However, none of the
studies failed to demonstrate its efficacy over other ther-
apy, such as ribavirin and corticosteroids. There is also
lack of evidence to prove the efficacy of IVIG in Middle
East respiratory syndrome coronavirus (MERS-CoV)
patients. Experimental studies on animal model of human
polyclonal immunoglobulin (G) antibodies, derived from
transchromosomic bovines, demonstrated high neutraliz-
ing antibody titres in vitro and reduced MERS-CoV titres
in animal model [29]. Some retrospective studies reported
the clinical outcome of IVIG in a subgroup of patients, but
a large clinical trial is still required to demonstrate its
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efficacy [30]. Recently published studies of currently
marketed IVIG (Gamunex®-C, Grifols, DKSH, Spain and
Flebogamma dual inactivation and filtration (DIF)) were
demonstrated to have positive reactivity against MERS-
CoV, SARS-CoV, and SARS-CoV-2 in vitro [31], although
the effect of enhancing viral clearance in vivo is still
lacking.

On the other hand, the efficacy of IVIG is not limited to
those neutralizing activities but is also used to ameliorate
the immune response in CRS. As for evidence in
MERS-CoV and SARS-CoV, IVIG is another promising
therapy exhibiting clinical benefits in selected patient with
clinically suspected CRS [27,32]. There is substantial
evidence to prove the efficacy of polyvalent IVIG in
COVID-19 patients. The clinical outcomes of critically ill
COVID-19 patients who received IVIG as part of the ther-
apy were reported in the large cohort study, so its efficacy
could not be concluded [33]. However, one retrospective
study analysed that the clinical outcomes of IVIG in severe
COVID-19 pneumonia as an adjunctive therapy initiated
within 48 h of ICU admission could reduce the use of
mechanical ventilation, length of stay in hospital and ICU,
and also 28-day mortality [34]. A recent observational
report of COVID-19 patients, given five days of high dose
of IVIG (0.3–0.5 g/kg/day), had also been shown to be effec-
tive in preventing clinical deterioration and intubation
[35,36]. Moreover, a multicentre retrospective cohort study
in China also could not address the overall survival benefit
of IVIG but found that, in critical patients who use high
dose IVIG (>15 g/day) it could significantly reduce 28- and
60-day mortality (P = 0.002 and P < 0.0001, respectively).
Early initiation of IVIG within seven days of admission
could also reduce 60-day mortality, total in-hospital stay,
and total course of disease, and increase survival time [37].

To the best of our knowledge, polyvalent IVIG is
another rescue therapy in COVID-19-related CRS regard-
ing its anti-inflammatory effects as mentioned above. In
our cases, IVIG was also prescribed as a part of adjunctive
therapies. However, appropriate timing, doses, and prepa-
ration of IVIG remain unclear and require well-designed
study to support their benefits. Therefore, administration
of IVIG should be considered only in severe COVID-19
with CRS as its efficacy has not been well elicited from
previous study. Convalescent plasma or H-IVIG may be
an attractive additional treatment in severe COVID-19
infection. Nevertheless, protocols for collection, prepara-
tion, and administration in real-world practice are diverse
and extremely challenging.

Haemoperfusion

There are limited data on the use of haemoadsorption for
the treatment of COVID 19 specifically. However, several

extracorporeal blood purification systems (e.g. CytoSorb,
CytoSorbents Corporation, Monmouth Junction, NJ, USA
and oXiris, GAMBRO Industries, France) that are designed
theoretically for adsorption of endogenous pathogenic
mediators and pro-inflammatory cytokines have been tem-
porarily approved by the FDA under Emergency Use
Authorization (EUA) programme for compassionate use in
patients with severe COVID-19 infection.
In our cases, PMX-HP was used based on the high level

of EAA, of which intermediate to high level (more than
0.4 U) could demonstrate endotoxaemia and be associated
with worse clinical outcomes [38]. Concomitant bacterial
infections were reported as described previously and might
be related with high EAA level in our cases.
Sirivongrangson et al. reported endotoxaemia and circulat-
ing bacterial DNA in COVID-19 pneumonia that was pro-
posed to result from secondary bacterial translocation,
which could contribute to cytokine storm and multiorgan
failure [39]. The clinical efficacy of PMX-HP had been
demonstrated by case series from EUPHAS2 registry
which was associated with haemodynamic improvement
and organ function recovery in COVID-19 patients with a
history of septic shock from secondary bacterial infection
[40]. Moreover, Ishiwari et al. also reported a successful
treatment of PMX-HP in a case of COVID-19-associated
hypercytokinaemia-induced severe respiratory failure who
had been treated with methylprednisolone (1 g) for three
days [41]. However, the clinical benefit of using
haemoadsorption and haemoperfusion in COVID-19
patients and pilot studies remains debatable. As presented
here, the haemoperfusion combined with other life-saving
therapies was shown to be effective in COVID-19-related
CRS. Therefore, we believe that using these extracorporeal
therapies are of potential theoretical benefit and should be
reserved in severe cases that do not respond to standard-
of-care treatment, particularly dexamethasone.
To summarize, several novel adjunctive therapies have

been shown to mediate the inflammatory response in criti-
cally ill patients. Based on previous data and clinical expe-
rience with other coronaviruses, IVIG, convalescent
plasma, corticosteroids, and tocilizumab are potential
treatments to combat the unusually aggressive inflamma-
tory response that is mostly associated with detrimental
outcomes for COVID-19 patients. As our patients demon-
strated, multimodality treatments may be effective in criti-
cal COVID-19 patients. We demonstrate here that IL-6
inhibitors, IVIG, and haemoadsorption can be used safely
in selected immunocompromised hosts. Many con-
founding factors such as severity of disease, co-morbid
conditions, and co-infections may potentially obfuscate the
effects of tocilizumab in combination with other adjuvant
treatments. However, we do believe that the multiple path-
ways of the pathogenesis of COVID-19 should warrant
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multimodality treatment rather than a single agent
inhibiting one single pathway. Using multiple adjuvant
treatments attacking the various mechanisms of inflamma-
tion may potentially lead to better outcomes for our most
critical patients.

In conclusion, we suggest that timely administration of
adjunctive therapies aiming to alleviate inflammation in
critically ill COVID-19-infected patients, whose laboratory
parameters suggest severe hyperinflammation, may influ-
ence the mortality outcome. No single therapy has been
proven to defeat CRS in its entirety. Combined therapeutic
modalities, possibly tailored to individual inflammatory
profiles, should be considered in these complex patients
and may produce better outcomes, as shown here.

Disclosure Statements

Appropriate written informed consent was obtained for
publication of this case report and accompanying images.
This study was approved by the Faculty of Medicine,
Chulalongkorn University (IRB 348/63).
At the time this report was accepted for publication, the
authors declared that the patients in this report had not
been included in any previously published report on
COVID-19 that they had authored.

Acknowledgments

We would like to acknowledge all patients, their families,
and healthcare workers involved in the diagnosis, treat-
ment, and follow-up of patients in King Chulalongkorn
Memorial Hospital (KCMH). We thank our residents, fel-
lows, and attendings from the Thai Red Cross Emerging
Infectious Diseases (TRC-EID) Clinical Center and
Department of Medicine who were involved in taking care
of all COVID-19 critical patients. We also thank KCMH
and the Thai Ministry of Public Health for their provision
of tocilizumab and favipiravir for patient care.

Author Contribution Statement

Conceptualization: Nophol Leelayuwatanakul, Monvasi
Pachinburavan. Methodology: Nophol Leelayuwatanakul,
Monvasi Pachinburavan. Formal analysis: Nophol
Leelayuwatanakul, Vorawut Thanthitaweewat, Sarita
Thawanaphong, Watsamon Jantarabenjakul. Investigation:
Nophol Leelayuwatanakul, Vorawut Thanthitaweewat, Sarita
Thawanaphong, Watsamon Jantarabenjakul. Resources:
Nophol Leelayuwatanakul, Napplika Kongpolprom, Thitiwat
Sriprasart, Vorakamol Phoophiboon, Vorawut
Thanthitaweewat, Sarita Thawanaphong, Worawan Sirichana,
Naricha Chirakalwasan, Kamon Kawkitinarong, Chanchai
Sittipunt, Opass Putcharoen, Leilani Paitoonpong, Gompol

Suwanpimolkul, Watsamon Jantarabenjakul, Nattachai
Srisawat, Monvasi Pachinburavan. Data curation: Nophol
Leelayuwatanakul, Vorawut Thanthitaweewat, Sarita
Thawanaphong, Watsamon Jantarabenjakul. Writing—
original draft preparation: Nophol Leelayuwatanakul.
Writing—review and editing: Monvasi Pachinburavan. Visual-
ization: Napplika Kongpolprom, Thitiwat Sriprasart,
Vorakamol Phoophiboon, Vorawut Thanthitaweewat, Sarita
Thawanaphong, Worawan Sirichana, Naricha Chirakalwasan,
Kamon Kawkitinarong, Chanchai Sittipunt, Opass
Putcharoen, Leilani Paitoonpong, Gompol Suwanpimolkul,
Watsamon Jantarabenjakul, Nattachai Srisawat, Supervision:
Monvasi Pachinburavan. Project administration: Nophol
Leelayuwatanakul, Monvasi Pachinburavan. All authors have
read and agreed to the published version of the manuscript.

References

1. Zhou F, Yu T, Du R, et al. 2020. Clinical course and risk
factors for mortality of adult inpatients with COVID-19 in
Wuhan, China: a retrospective cohort study. Lancet 395
(10229):1054–1062.

2. Huang C, Wang Y, Li X, et al. 2020. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan,
China. Lancet 395(10223):497–506.

3. Mehta P, McAuley DF, Brown M, et al. 2020. COVID-19:
consider cytokine storm syndromes and immunosuppres-
sion. Lancet 395(10229):1033–1034.

4. Zhang C, Wu Z, Li JW, et al. 2020. The cytokine release
syndrome (CRS) of severe COVID-19 and interleukin-6
receptor (IL-6R) antagonist tocilizumab may be the key to
reduce the mortality. Int. J. Antimicrob. Agents 55:105954.

5. Channappanavar R, and Perlman S. 2017. Pathogenic
human coronavirus infections: causes and consequences of
cytokine storm and immunopathology. Semin. Immuno-
pathol. 39(5):529–539.

6. Dhakal B, D’Souza A, Chhabra S, et al. 2020. Multiple mye-
loma and COVID-19. Leukemia 34(7):1961–1963.

7. Qin C, Zhou L, Hu Z, et al. 2020. Dysregulation of immune
response in patients with COVID-19 in Wuhan, China.
Clin. Infect. Dis. 71(15):762–768.

8. Chaudhry D, and Singh PK. 2020. Tocilizumab and
COVID-19. Indian J. Crit. Care Med. 24(9):741–743.

9. Xu X, Han M, Li T, et al. 2020. Effective treatment of severe
COVID-19 patients with tocilizumab. Proc. Natl. Acad. Sci.
U. S. A. 117:10970–10975.

10. Alattar R, Ibrahim TBH, Shaar SH, et al. 2020. Tocilizumab
for the treatment of severe coronavirus disease 2019.
J. Med. Virol. 92:2042–2049.

11. Toniati P, Piva S, Cattalini M, et al. 2020. Tocilizumab for
the treatment of severe COVID-19 pneumonia with hyper-
inflammatory syndrome and acute respiratory failure: a sin-
gle center study of 100 patients in Brescia, Italy.
Autoimmun. Rev. 19:102568.

N. Leelayuwatanakul et al. Multimodality treatment in COVID-19

© 2021 The Authors. Respirology Case Reports published by John Wiley & Sons Australia, Ltd
on behalf of The Asian Pacific Society of Respirology.

7



12. Luo P, Liu Y, Qiu L, et al. 2020. Tocilizumab treatment in
COVID-19: a single center experience. J. Med. Virol. 92:814–818.

13. Colaneri M, Bogliolo L, Valsecchi P, et al. 2020.
Tocilizumab for treatment of severe COVID-19 patients:
preliminary results from SMAtteo COvid19 REgistry
(SMACORE). Microorganisms 8(5):695.

14. Campochiaro C, Della-Torre E, Cavalli G, et al. 2020. Efficacy
and safety of tocilizumab in severe COVID-19 patients: a single-
centre retrospective cohort study. Eur. J. Intern. Med. 76:43–49.

15. Capra R, De Rossi N, Mattioli F, et al. 2020. Impact of low
dose tocilizumab on mortality rate in patients with
COVID-19 related pneumonia. Eur. J. Intern. Med. 76:31–35.

16. Klopfenstein T, Zayet S, Lohse A, et al. 2020. Tocilizumab
therapy reduced intensive care unit admissions and/or mor-
tality in COVID-19 patients. Med. Mal. Infect. 50:397–400.

17. Furlow B. 2020. COVACTA trial raises questions about
tocilizumab’s benefit in COVID-19. Lancet Rheumatol. 2(10):
e592.

18. Stone JH, Frigault MJ, Serling-Boyd NJ, et al. 2020. Efficacy
of tocilizumab in patients hospitalized with Covid-19.
N. Engl. J. Med. 383(24):2333–2344.

19. Cision. Regeneron and Sanofi provide update on Kevzara
(sarilumab) phase 3 U.S. trial in COVID-19 patients. 2020.
[Accessed 2 Jul, 2020]. https://www.prnewswire.com/news-
releases/regeneron-and-sanofi-provide-update-on-kevzara-
sarilumab-phase-3-us-trial-in-covid-19-patients-301087849.
html

20. Zhang X, Song K, Tong F, et al. 2020. First case of
COVID-19 in a patient with multiple myeloma successfully
treated with tocilizumab. Blood Adv. 4(7):1307–1310.

21. Mella A, Mingozzi S, Gallo E, et al. 2020. Case series of six
kidney transplanted patients with COVID-19 pneumonia
treated with tocilizumab. Transpl. Infect. Dis. 22(6):e13348.

22. Kazatchkine MD, and Kaveri SV. 2001. Immunomodulation
of autoimmune and inflammatory diseases with intravenous
immune globulin. N. Engl. J. Med. 345(10):747–755.

23. Shankar-Hari M, Spencer J, Sewell WA, et al. 2012. Bench-to-
bedside review: immunoglobulin therapy for sepsis – biological
plausibility from a critical care perspective. Crit. Care 16(2):206.

24. Jacob S, and Rajabally YA. 2009. Current proposed mecha-
nisms of action of intravenous immunoglobulins in inflam-
matory neuropathies. Curr. Neuropharmacol. 7(4):337–342.

25. Hung IF, To KK, Lee CK, et al. 2010. Effect of clinical and
virological parameters on the level of neutralizing antibody
against pandemic influenza A virus H1N1 2009. Clin.
Infect. Dis. 51(3):274–279.

26. Davey RT Jr, Fernandez-Cruz E, Markowitz N, et al. 2019.
Anti-influenza hyperimmune intravenous immunoglobulin
for adults with influenza A or B infection (FLU-IVIG): a
double-blind, randomised, placebo-controlled trial. Lancet
Respir. Med. 7(11):951–963.

27. Wang JT, Sheng WH, Fang CT, et al. 2004. Clinical mani-
festations, laboratory findings, and treatment outcomes of
SARS patients. Emerg. Infect. Dis. 10(5):818–824.

28. Chen CY, Lee CH, Liu CY, et al. 2005. Clinical features and
outcomes of severe acute respiratory syndrome and predic-
tive factors for acute respiratory distress syndrome. J. Chin.
Med. Assoc. 68(1):4–10.

29. Luke T, Wu H, Zhao J, et al. 2016. Human polyclonal
immunoglobulin G from transchromosomic bovines
inhibits MERS-CoV in vivo. Sci. Transl. Med. 8(326):
326ra21.

30. Arabi YM, Al-Omari A, Mandourah Y, et al. 2017. Criti-
cally ill patients with the Middle East respiratory syndrome:
a multicenter retrospective cohort study. Crit. Care Med. 45
(10):1683–1695.

31. Diez JM, Romero C, and Gajardo R. 2020. Currently avail-
able intravenous immunoglobulin contains antibodies
reacting against severe acute respiratory syndrome corona-
virus 2 antigens. Immunotherapy 12(8):571–576.

32. Arabi YM, Arifi AA, Balkhy HH, et al. 2014. Clinical course
and outcomes of critically ill patients with Middle East
respiratory syndrome coronavirus infection. Ann. Intern.
Med. 160(6):389–397.

33. Yang X, Yu Y, Xu J, et al. 2020. Clinical course and out-
comes of critically ill patients with SARS-CoV-2 pneumonia
in Wuhan, China: a single-centered, retrospective, observa-
tional study. Lancet Respir. Med. 8:475–481.

34. Xie Y, Cao S, Dong H, et al. 2020. Effect of regular intra-
venous immunoglobulin therapy on prognosis of severe
pneumonia in patients with COVID-19. J. Infect. 81:
318–356.

35. Cao W, Liu X, Bai T, et al. 2020. High-dose intravenous
immunoglobulin as a therapeutic option for deteriorating
patients with coronavirus disease 2019. Open Forum Infect.
Dis. 7(3):ofaa102.

36. Mohtadi N, Ghaysouri A, Shirazi S, et al. 2020. Recovery of
severely ill COVID-19 patients by intravenous immuno-
globulin (IVIG) treatment: a case series. Virology 548:1–5.

37. Shao Z, Feng Y, Zhong L, et al. 2020. Clinical efficacy of
intravenous immunoglobulin therapy in critical ill patients
with COVID-19: a multicenter retrospective cohort study.
Clin. Transl. Immunology 9(10):e1192.

38. Marshall JC, Foster D, Vincent JL, et al. 2004. Diagnostic
and prognostic implications of endotoxemia in critical ill-
ness: results of the MEDIC study. J. Infect. Dis. 190(3):
527–534.

39. Sirivongrangson P, Kulvichit W, Payungporn S, et al. 2020.
Endotoxemia and circulating bacteriome in severe COVID-
19 patients. Intensive Care Med. Exp. 8(1):72.

40. De Rosa S, Cutuli SL, Ferrer R, et al. 2020. Polymyxin B
hemoperfusion in COVID-19 patients with endotoxic
shock: case series from EUPHAS II registry. Artif. Organs.
[Epub ahead of print].

41. Ishiwari M, Togashi Y, Takoi H, et al. 2020. Polymyxin B
haemoperfusion treatment for respiratory failure and
hyperferritinaemia due to COVID-19. Respirol. Case Rep. 8
(9):e00679.

Multimodality treatment in COVID-19 N. Leelayuwatanakul et al.

8 © 2021 The Authors. Respirology Case Reports published by John Wiley & Sons Australia, Ltd
on behalf of The Asian Pacific Society of Respirology.

https://www.prnewswire.com/news-releases/regeneron-and-sanofi-provide-update-on-kevzara-sarilumab-phase-3-us-trial-in-covid-19-patients-301087849.html
https://www.prnewswire.com/news-releases/regeneron-and-sanofi-provide-update-on-kevzara-sarilumab-phase-3-us-trial-in-covid-19-patients-301087849.html
https://www.prnewswire.com/news-releases/regeneron-and-sanofi-provide-update-on-kevzara-sarilumab-phase-3-us-trial-in-covid-19-patients-301087849.html
https://www.prnewswire.com/news-releases/regeneron-and-sanofi-provide-update-on-kevzara-sarilumab-phase-3-us-trial-in-covid-19-patients-301087849.html

	 Multimodality treatment in immunocompromised patients with severe COVID-19: the role of IL-6 inhibitor, intravenous immuno...
	Introduction
	Case Report
	Case 1
	Case 2

	DiscussionCRS-related ARDS and secondary haemophagocytic lymphohistiocytosis (sHLH) are two distinct constellation of sympt...
	Discussion
	Tocilizumab
	Intravenous immunoglobulin
	Haemoperfusion
	Disclosure Statements

	AcknowledgmentsWe would like to acknowledge all patients, their families, and healthcare workers involved in the diagnosis,...
	Author Contribution Statement

	References


