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NEW AND EMERGING ENTITIES

Intravenous immunoglobulin: A potential treatment for
the post-acute sequelae of SARS-Cov-2 infection?

Sandra E. Reznik'?, Amit K. Tiwari**, Charles R. Ashby, Jr'*

POST-ACUTE SEQUELAE OF
SARS-COV-2 (PASC)

Following the recovery from an initial infection with
SARS-CoV-2, a recent meta-analysis of almost 1 mil-
lion patients worldwide suggested that an estimated 43%
of patients had experienced a variety of sequelae [1].
Furthermore, numerous studies indicate that patients can
develop somatic, musculoskeletal, neuropsychiatric, cardio-
vascular, dermatologic, renal, hepatic, and gastrointestinal
manifestations that are heterogeneous and vary in inten-
sity and duration (for up to 12 months) [2,3]. The CDC has
defined this phenomenon as “long-term symptoms that
might be experienced weeks to months after primary infec-
tion with SARS-CoV-2, the virus that causes COVID-19 [4]”
and proposed designations for this syndrome have included
long COVID, long chronic COVID syndrome, chronic
COVID, post-COVID-19 syndrome, post-acute covid-19
syndrome, and long-haulers [5]. On February 23, 2021,
Dr. Francis Collins indicated that the persistent symptoms
that occur in patients after recovery from the initial infection
could be designated, PASC, which we will use in this article.
At present, there is no clear or agreed on definition or diag-
nostic criteria for PASC. PASC is most likely a post-infectious
illness similar to that reported by patients that had long-term
sequelae that persisted for up to 14 months after infection
with SARS-CoV-1 or the Middle Eastern respiratory SARS
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virus (MERS) [6]. Furthermore, post viral syndromes have
been reported in patients who have recovered from the
initial infection of non-coronaviruses, such as the Epstein-
Barr virus, Ebola, dengue virus, west Nile virus, Zika virus,
measles virus and poliovirus, among others [7]. In patients
with PASC who tested negative for SARS-CoV-2, common
symptoms include, but are not limited to, fatigue, myalgia,
arthralgia, headache, dyspnea, cough, chest pain, alterations
in taste and smell, diarrhea, anxiety, insomnia, depression,
cognitive impairment, and dysautonomia [8,9]. Recent clini-
cal studies indicate that PASC significantly affects the quality
of life, exemplified by severe fatigue that decreases return
to work and performance of routine daily tasks [10,11]. At
present, the etiology of PASC remains to be elucidated. It
has been hypothesized that PASC may be due to: (1) organ
inflammation and damage that occurred in the acute infec-
tion stage; (2) a prolonged stay in an intensive care unit that
can produce post-intensive care syndrome; (3) the exacer-
bation or unmasking of underlying comorbidities; (4) phys-
ical deconditioning and mental or psychosocial factors; (s)
persistent, ongoing inflammation independent of the acute
phase; (6) bystander activation and epitope spreading; (7)
persistence of SARS-CoV-2 in cells or tissues; 8) reactivation
of latent viruses and (9) inducing an autoimmune response
due to molecular mimicry [12,13]. Interestingly, it has been
hypothesized that PASC may result from the SARS-CoV-2
virus inducing autoimmunity, due to the formation of
functional and diverse antibodies to SARS-CoV-2 that are
cross-reactive with certain human antigens (i.e., autoanti-
bodies), producing tissue inflammation and damage [14].
Indeed, data from clinical studies indicate that patients with
PASC are significantly more likely to have circulating auto-
antibodies against a number of human antigens compared to
healthy controls [15-17]. Furthermore, autoimmune diseases
have been reported to occur in patients that had no previ-
ous history of autoimmune diseases after recovery from the
initial SARS-CoV-2 infection, including but not limited to
Guillain-Barre syndrome, Miller-Fisher syndrome, systemic
lupus erythematosus, immune thrombocytopenia purpura,
anti-phospholipid syndrome, Kawasakis disease, autoim-
mune hemolytic anemia, vasculitis, and multiple sclero-
sis [18]. Furthermore, certain viruses, for example, Epstein-
Barr virus, human T-lymphocyte virus 1, hepatitis C, human
parvovirus Big, Ebola, and human cytomegalovirus, have
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been reported to increase the risk of the development of
autoimmune diseases [19].

IVIG AS PROPOSED TREATMENT
FOR PASC

At present, there are no efficacious treatments for PASC.
As vaccines do not completely prevent the appearance of the
PASC, there is still a need for alternative approaches to the
treatment of the PASC. Clinical trials are ongoing to deter-
mine the efficacy of certain treatments for PASC; however,
these trials remain to be completed. We hypothesize that
patients diagnosed with PASC could be treated with intrave-
nous immunoglobulin (IVIG). All IVIG products primarily
consist of polyclonal 1gG (predominantly monomeric IgG1
and IgG2 (at least 9o% or greater) and lower levels of mono-
meric 1gG3 (2—7%) and 1gG4 (1—3%), with 1—10% dimeric
complexes) [20]. The polyclonal IgG molecules are isolated
from the blood of at least 3,000 up to 100,000 healthy blood
donors [21]. These IgG molecules are produced by plasma B
cells in response to immune stimuli [22]. Because IVIG is a
human-derived blood product, there is the possibility of the
transmission of pathogenic viruses and bacteria from the
donors to the recipients. However, the risk of this is low as (1)
microbial pathogens are removed using chemical and physi-
cal processes [23]; (2) the blood from all donors is screened
for HIV-1, HIV-2, hepatitis B, hepatitis C, and syphilis [24];
and (3) neutralizing antibodies for several viruses are present
in IVIG [25]. The pooled samples are representative of the
environmental exposure of the donors to various pathogens
and should contain antibodies that have multiple specific-
ities for microbial antigens, self-antigens and anti-idiotypic
antibodies [26]. IVIG is approved by the United States Food
and Drug Administration (FDA) for the treatment of: (1)
primary humoral immunodeficiency, bone marrow trans-
plantation, pediatric HIV patients (to decrease the frequency
of bacterial infections) infection and B-cell chronic lympho-
cytic leukemia and (2) chronic inflammatory demyelinat-
ing polyneuropathy, multifocal motor neuropathy, immune
thrombocytopenic purpura and Kawasaki syndrome, which
are believed to be autoimmune diseases [27]. In July 2021,
the FDA, based on the results of ProDERM (ClinicalTrials.
gov Identifier: NCTo02728752) [28] approved the use of 10%
Octagam for the treatment of dermatomyositis, a disease that
has been hypothesized to result from an abnormal autoim-
mune response [29]. At present, in the U.S,, there are thirteen
approved IVIG products that are given intravenously, eight
that are given subcutaneously and one that can be given
intramuscularly [30]. Furthermore, randomized clinical tri-
als indicate that IVIG has efficacy in certain neuromuscu-
lar, hematologic and dermatologic diseases that may result
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from alterations in autoimmunity and the inflammatory
response [31].

MECHANISM OF ACTION OF IVIG

The efficacy of IVIG, in certain autoimmune and inflam-
matory diseases, has been postulated to involve complex,
mutually nonexclusive mechanisms. Broadly, the mecha-
nism of action of IVIG involves the regulation of innate and
acquired immunity by (1) the binding of the IgG antibodies to
antigens via the Fab portion and (2) modulating the expression
and function of immune cell Fc receptors [32]. Specifically,
IVIG has been suggested to produce its therapeutic effect in
certain autoimmune and inflammatory disorders as discussed
below (for review of the mechanisms, see [26,32-35]). IVIG
contains antibodies that interact with idiotypic determinants
on pathogenic autoantibodies (anti-idiotype antibodies) that
are associated with certain autoimmune diseases. The bind-
ing of the IVIG antibodies to the pathogenic autoantibodies
inhibits their activation of (1) Fc receptor (FcyR) on immune
cells and (2) complement, which decreases the activation of
inflammatory pathways. The neonatal FcRs (FcRn), which are
primarily located on endothelial cells, normally bind to IgG
antibodies, which decreases their catabolism, increasing their
half-life. At high doses, IVIG saturates FcRn, preventing the
binding of endogenous pathogenic IgG antibodies to FcRns,
thereby increasing their elimination. 1VIG, by inhibiting
the activation of macrophages and monocytes, can decrease
inflammation by preventing the release of proinflammatory
proteins (IL-18, TNF-a) and increasing the levels of anti-in-
flammatory proteins (i.e., IL-10, TGF-B IL-1RA). Furthermore,
IVIG has natural IgG antibodies that can interact with and
neutralize the inflammatory effect of certain cytokines. IVIG
alters the function and activity of dendritic cells (DC), which
play a critical role in mediating autoimmune responses. [VIG
decreases the activation of DC, inhibits the maturation and
differentiation of human DC and decreases the processing
and presentation of antigens by DC. IVIG can inhibit the pro-
liferation and antigen-presentation functions of autoreactive
B lymphocytes, thereby decreasing the levels of pathogenic
autoantibodies present in patients with certain autoimmune
diseases. IVIG can (1) neutralize B cell survival factors, such
as BAFF and APRIL (increasing the likelihood of cell death),
preventing the activation of FcyR; (2) decrease B cell prolifer-
ation; (3) sequester autoantigens and facilitate their clearance;
(4) decrease B cell receptor-mediated activation of B-cells and
(5) induce the apoptosis of autoreactive B cells, thus decreas-
ing the levels of autoantibodies. IVIG, through the Fab2 por-
tion of IgG, has been reported to inhibit T cell activation and
proliferation. IVIG also induces the apoptosis of effector Th1
and Thi7 cells by activating the Fas pathway. The expression
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of T regulatory cells and their suppressive effect on immune
cells are increased by IVIG, thereby increasing immune tol-
erance. IVIGSs anti-inflammatory efficacy may also be due, in
part, to its regulation of neutrophils. IVIG can decrease the
recruitment and activation of neutrophils by inhibiting their
interaction with the endothelium. /n vitro, human neutrophil
death can be induced by IVIG via its anti-sialic acid binding
immunoglobulin-like lectins-9 (Siglec-9) autoantibodies.
Certain proteins in IVIG can bind to the complement cascade
molecules (1) C3b and Cyb, preventing their interaction with
the C5-C9 membrane attack complex; (2) Cza and Csa, and

the anti-complement effect of [VIG could decrease the risk of

inflammation and tissue damage.
PROPOSED CLINICAL TRIAL

Based on the above information, we hypothesized that
patients diagnosed with PASC could be treated with IVIG.
IVIGSs efficacy could be evaluated in a random, double-blind
placebo trial by identifying previously SARS-CoV-2-positive
male and female patients (based on real time RT-PCR results)
who are >18 years of age, whose symptom frequency and mag-
nitude would be assessed before, during and after treatment,
using the EuroQol s5-dimension, 3-level questionnaire [36].
A detailed medical history and tests for autoimmune diseases
will be obtained for all patients to exclude other diagnoses.
Pregnant women experiencing severe symptoms of PASC
could be included in the trial, as IVIG is FDA pregnancy cate-
gory C, generally considered safe in pregnancy in the medical
community [37] and has been used to manage a variety of fetal
and neonatal conditions [38]. Patients would receive either
2 g/kg of IVIG or an i.v. placebo, over 4—5 days, and be closely
monitored in a health care setting. This high dose regimen
should be used as it can regulate immune functions and pro-
duce significant anti-inflammatory efficacy [30]. Depending
on the patients’ response, this regimen can be repeated every
4-6 weeks. Any patients that cannot tolerate the treatment
due to any adverse effect will be removed from the trial. The
infusion rate, depending on the concentration of the IVIG
product, will be either 0.5 or 1 mg/kg/min or 0.5 mL/kg/hr for
the first 10 minutes, and if there are no significant adverse or
toxic effects, the infusion rate is increased to 0.5 mg/kg/min
or 5 mL/kg/hr, respectively. The dosing interval will be deter-
mined by measuring the IgG trough level, a significant clin-
ical response, or both. The primary efficacy point would be
a significant decrease in the frequency and magnitude of the
symptoms. [VIG formulations may not be comparable due to
differences in pharmaceutical properties (i.e., pH, sugar con-
tent, sodium content, osmolality, and IgA content), which can
affect their safety and tolerability [39], particularly in patients
with certain morbidities.
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ADVERSE EFFECTS OF IVIG

The adverse effects produced by IVIG are rarely fatal.
IVIG can produce flu-like symptoms, which include head-
ache, abdominal pain, flushing, nausea, backache, fever, chills,
myalgia and lethargy, which are typically mild, transient and
occur within the first 30-60 minutes of administration [40].
Furthermore, decreasing the rate of infusion or temporarily
stopping the infusion can alleviate these immediate adverse
effects [41]. However, rare but serious adverse effects, such as
thromboembolism, aseptic meningitis, thrombosis, arrhyth-
mias, renal impairment, acute renal failure, delayed hemoly-
sis, transfusion-related acute lung injury, antibody-dependent
enhancement, and anaphylaxis, can occur [40]. The likeli-
hood of adverse effects is increased (1) by a high concentra-
tion of IgA, Rh D antigen or anti-Rh blood group D [40]; (2)
in patients that are [VIG naive [42] and (3) have recently had
a bacterial infection [42]. It has been postulated that the tol-
erability of IVIG during infusion may be proportional to the
level of IgG dimeric aggregates and an increase in the levels
of certain cytokines [43]. Clinical data suggest that the inci-
dence and severity of these can be decreased by (1) assessing
the patients’ health (detailed physical exam, medication use,
blood work and review of past medical records prior to treat-
ment; (2) infusing IVIG at a slow rate and (3) using appropriate
premedications and prehydration [40]. The half-lives of IgGa,
IgGo2,IgG3 and IgG4 in IVIG in healthy adults are 23, 21, 21 and
7 days, respectively [44]. The serum half-life of IVIG products
is 23-41 days [20]. High levels of IgG are present in the serum
immediately after i.v. administration of IVIG, followed by a
rapid decrease from 1 to 7 days [45]. IgG is primarily taken up
into cells that express the neonatal Fc receptor (FcRn) and it is
ultimately biodegraded in lysosomes to amino acids [46]. The
immune response to live viral vaccines may be altered by IVIG
products [24]. IVIG products are contraindicated in patients
(1) that have previously had severe anaphylactic responses to
IVIG and (2) with antibodies to IgA that have been diagnosed
with IgA deficiency [20].

CONCLUSION

In conclusion, we hypothesize that IVIG could attenuate
the symptoms in patients diagnosed with PASC. Furthermore,
therapies, such as aerobic exercise, psychological counseling,
strength and balancing exercises, neuromuscular, respiratory,
and cardiac interventions could also be used in patients with
PASC. A multidisciplinary and multiprofessional team should
be used to produce the maximal therapeutic outcome for each
patient. Finally, if a patient cannot receive immune globulin by
the intravenous route, the subcutaneous administration of

immune globulins should be considered.

www.bjbms.org



Sandra E. Reznik, ef al.: Intravenous immunoglobulin for SARS-Cov-2 treatment

REFERENCES

[1]  Chen C, Haupert SR, Zimmermann L, Shi X, Fritsche LG,
Mukherjee B. Global Prevalence of Post-Acute Sequelae of
COVID-19 (PASC) or Long COVID: A Meta-Analysis and
Systematic Review, medRxiv; 2021.

[2] Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder C,
Stevens JS, et al. Post-acute COVID-19 syndrome. Nat Med
2021;27(4):601-15.
https://doi.org/10.1038/541591-021-01283-z

[3]  Garg M, Maralakunte M, Garg S, Dhooria S, Sehgal I, Bhalla AS,
etal. The conundrum of ‘Long-COVID-19" A narrative review. Int |
Gen Med 2021;14:2491-506.
https://doi.org/10.2147/JGM.S316708

[4] Yomogida K, Zhu S, Rubino F, Figueroa W, Balanji N, Holman E.
Post-acute sequelae of SARS-CoV-2 infection among adults
aged=18 Years-long beach, California, April 1-December 10, 2020.
MMWR Morb Mortal Wkly Rep 2021;70(37):1274-7.
https://doi.org/10.15585/mmwr.mm7037a2

[5]  Ramakrishnan RK, Kashour T, Hamid Q, Halwani R, Tleyjeh IM.
Unraveling the mystery surrounding post-acute sequelae of
COVID-19. Front Immunol 2021;12:686029.
https://doi.org/10.3389/fimmu.2021.686029

[6] OSullivan O. Long-term sequelae following previous coronavirus
epidemics. Clin Med (Lond) 2021;21(1):€68-70.
https://doi.org/10.7861/clinmed.2020-0204

[7]  Hirschenberger M, Hunszinger V, Sparrer KMJ. Implications of
innate immunity in post-acute sequelae of non-persistent viral
infections. Cells 2021;10(8):2134.
https://doi.org/10.3390/cells10082134

[8]  Aiyegbusi OL, Hughes SE, Turner G, Rivera SC, McMullan C,
Chandan JS, et al. Symptoms, complications and management of
long COVID: A review. ] R Soc Med 2021;114(9):428-42.
https://doi.org/10.1177/01410768211032850

[9] Raveendran AV, Jayadevan R, Sashidharan S. Long COVID: An
overview. Diabetes Metab Syndr 2021;15(3):869-75.
https://doi.org/10.1016/j.dsx.2021.04.007

[10] Parker AM, Brigham E, Connolly B, McPeake ], Agranovich AV,
Kenes MT, et al. Addressing the post-acute sequelac of SARS-
CoV-2 infection: A multidisciplinary model of care. Lancet Respir
Med 2021;9(11):1328-41.
https://doi.org/10.1016/S2213-2600(21)00385-4

[11] Agostini F, Mangone M, Ruiu P, Paolucci T, Santilli V, Bernetti A.
Rehabilitation setting during and after COVID-19: An overview on
recommendations. ] Rehabil Med 2021;53(1);jrmoo141.
https://doi.org/10.2340/16501977-2776

[12] Proal AD, van Elzakker MB. Long COVID or post-acute
sequelae of COVID-19 (PASC): An overview of biological fac-
tors that may contribute to persistent symptoms. Front Microbiol
2021;12(1494):698169.
https://doi.org/10.3389/fmicb.2021.698169

[13] Yong SJ. Long COVID or post-COVID-19 syndrome: Putative
pathophysiology, risk factors, and treatments. Infect Dis (Lond)
2021;53(10):737-54.
https://doi.org/10.1080/23744235.2021.1924397

[14] Vojdani A, Vojdani E, Kharrazian D. Reaction of human mono-
clonal antibodies to SARS-CoV-2 proteins with tissue anti-
gens: Implications for autoimmune diseases. Front Immunol
2021;11(3679):617089,
https://doi.org/10.3389/fimmu.2020.617089

[15] Lingel H, Meltendorf S, Billing U, Thurm C, Vogel K, Majer C, et al.
Unique autoantibody prevalence in long-term recovered SARS-
CoV-2-infected individuals. ] Autoimmun 2021;122:102682.
https://doi.org/10.1016/jjaut.2021.102682

[16] Wallukat G, Hohberger B, Wenzel K, Fiurst ], Schulze-Rothe S,
Wallukat A, et al. Functional autoantibodies against G-protein cou-
pled receptors in patients with persistent Long-COVID-19 symp-
toms. ] Transl Autoimmun 2021;4:100100.
https://doi.org/10.1016/j jtauto.2021.100100

Bosn ] Basic Med Sci. 2022;22(4):660-664

663

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Richter AG, Shields AM, Karim A, Birch D, Faustini SE, Steadman L,
etal. Establishing the prevalence of common tissue-specific autoan-
tibodies following severe acute respiratory syndrome Coronavirus
2 infection. Clin Exp Immunol 2021;205(2):99-105.
https://doi.org/10.1111/cei.13623

Canas CA. The triggering of post-COVID-19 autoimmunity phe-
nomena could be associated with both transient immunosuppres-
sion and an inappropriate form of immune reconstitution in sus-
ceptible individuals. Med Hypotheses 2020;145:110345.
https://doi.org/10.1016/j.mehy.2020.110345

Hussein HM, Rahal EA. The role of viral infections in the
development of autoimmune diseases. Crit Rev Microbiol
2019;45(4):394-412.
https://doi.org/10.1080/1040841X.2019.1614904

Jerry S. Immune Globulins: Therapeutic, Pharmaceutical, Cost and
Administration Considerations, Pharmacy Practice News; 2015.
p. 67-74.

Boros GG, Bromberg JS. High dose intravenous immunoglobulin
treatment: Mechanismsofaction. Liver Transpl 2005;11(12):1469-80.
https://doi.org/10.1002/1t.20594

Negi VS, Elluru S, Sibéril S, Graff-Dubois S, Mouthon L,
Kazatchkine MD, et al. Intravenous immunoglobulin: An update
on the clinical use and mechanisms of action. ] Clin Immunol
2007;27(3):233-45.

https://doi.org/10.1007/510875-007-9088-9

Buchacher A, Iberer G. Purification of intravenous immunoglobulin
G from human plasma-aspects of yield and virus safety. Biotechnol |
2006;1(2):148-63.

https://doi.org/10.1002/biot.200500037

Goddard EA. Intravenous immunoglobulin: Review article. Curr
Allergy Clin Immunol 2008;21(1):26-31.

Biesert L. Virus validation studies of immunoglobulin preparations.
Clin Exp Rheumatol 1996;14. Suppl 15:S47-52.

Durandy A, KaveriSV,Kuijpers TW, BastaM, Miescher S, Ravetch ]V,
et al. Intravenous immunoglobulins-understanding properties and
mechanisms. Clin Exp Immunol 2009;158 Suppl 1:2-13.

Perez EE, Orange JS, Bonilla F, Chinen J, Chinn IK, Dorsey M, et al.
Update on the use of immunoglobulin in human disease: A review
of evidence. ] Allergy Clin Immunol 2017;139(35):S1-46.
https://doi.org/10.1016/j.jaci.2016.09.023

Aggarwal R, Charles-Schoeman C, Schessl ], Dimachkie MM,
Beckmann 1, Levine T. Prospective, double-blind, randomized,
placebo-controlled Phase III study evaluating efficacy and safety of
octagam 10% in patients with dermatomyositis (‘ProDERM study”).
Medicine (Baltimore) 2021;100(1):23677.
https://doi.org/10.1097/MD.0000000000023677

Dalakas MC. Inflammatory muscle diseases. N Engl ] Med
2015;372(18):1734-47.
Availablefrom:https://wwwfda.gov/vaccines-blood-biologics/approved
-blood-products /immune-globulins, last accessed on February 17,
2022.

Gelfand EW. Intravenous immune globulin in autoimmune and
inflammatory diseases. N Engl ] Med 2012;367(21):2015-25.
https://doi.org/10.1056/NEJMra1009433

Patil V, Kaveri SV. The mechanisms of action of IVIG in autoim-
mune and inflammatory disease. ISBT Sci Ser 2013;8(1):185-8.
Galeotti C, KaveriSV, Bayry ] IVIG-mediated effector functions inauto-
immune and inflammatory diseases. Int Immunol 2017;29(11):491-8.
https://doi.org/10.1093/intimm/dxx039

Schwab I, Nimmerjahn F. Intravenous immunoglobulin therapy:
How does IgG modulate the immune system? Nat Rev Immunol
2013;13(3):176-89.

https://doi.org/10.1038/nriz401

Ballow M. The IgG molecule as a biological immune response
modifier: Mechanisms of action of intravenous immune serum
globulin in autoimmune and inflammatory disorders. ] Allergy Clin
Immunol 2011;127(2):315-23; quiz 24-5.
https://doi.org/10.1016/jjaci.2010.10.030

Taboada M, Moreno E, Carinena A, Rey T, Pita-Romero R,
Leal S, et al. Quality of life, functional status, and persistent

www.bjbms.org



(371

(38]

[39]

(40]

[41]

(42]

Sandra E. Reznik, et al.: Intravenous immunoglobulin for SARS-Cov-2 treatment

symptoms after intensive care of COVID-19 patients. Br ] Anaesth
2021;126(3):E110-3.

https://doi.org/10.1016/j.bja.2020.12.007

Vaughan LJ. Immune Globulin and Pregnancy, IG Living; 2014.
p. 30-1.

Alsaleem M. Intravenous immune globulin uses in the fetus and
neonate: A review. Antibodies 2020;9(4):60.
https://doi.org/10.3390/antibgo40060

Seite JF, Shoenfeld Y, Youinou P, Hillion S. What is the contents of
the magic draft [VIg? Autoimmun Rev 2008;7(6):435-9.
https://doi.org/10.1016/j.autrev.2008.04.012

Guo Y, Tian X, Wang X, Xiao Z. Adverse effects of immunoglobulin
therapy. Front Immunol 2018;9:1299.
https://doi.org/10.3389/fimmu.2018.01299

Carbone J. Adverse reactions and pathogen safety of intravenous
immunoglobulin. Curr Drug Saf 2007;2(1):9-18.
https://doi.org/10.2174/157488607779315480

Orange JS, Hossny EM, Weiler CR, Ballow M, Berger M, Bonilla FA,

[43]

[44]

[45]

[46]

et al. Use of intravenous immunoglobulin in human disease:
A review of evidence by members of the primary immunodefi-
ciency committee of the American academy of allergy, asthma and
immunology. ] Allergy Clin Immunol 2006;117 Suppl 4:5525-53.
https://doi.org/10.1016/j.jaci.2006.01.015

Spycher MO BR, Holder G, Gennari K, Hubsch A, Spath P. Well-
tolerated liquid intravenous immunoglobulin G preparations
(IVIG) have a low immunoglobulin G dimer (IgGdimer) content.
] Autoimmune 1999;1:96.

Bonilla FA. Pharmacokinetics of immunoglobulin administered via
intravenous or subcutaneous routes. Immunol Allergy Clin North
Am 2008;28(4):803-19.

https://doi.org/10.1016/j.iac.2008.06.006

Morell A. Pharmacokinetics of Intravenous Immunoglobulin
Preparations. New York: Marcel Dekker Inc.; 1997.

Waldmann TA, Strober W. Metabolism of immunoglobulins. Prog
Allergy 1969;13:1-110.

https://doi.org/10.1159/000385919

Related articles published in BJBMS
1. Sustained seroprevalence of SARS-CoV-2 antibodies one year after infection: one of the first COVID-19 cluster cases in
Bosnia and Herzegovina

Susak B et al., BJBMS, 2022
2. Kawasaki-like disease and acute myocarditis in the SARS-CoV-2 pandemic — reports of three adolescents
Vukomanovic V et al., BIBMS, 2021

3. Insight into the emerging role of SARS-CoV-2 nonstructural and accessory proteins in modulation of multiple mechanisms of
host innate defense

Abdalla AE et al., BIBMS, 2021

Bosn ] Basic Med Sci. 2022;22(4):660-664,

664

www.bjbms.org



