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Introduction
In December 2019, many cases of acute pneumonia of un-

known cause appeared in Wuhan, China. This pneumonia got its 
chance to spread throughout China and then has invaded the whole 
world. After that it was discovered to be caused by a novel virus 
belongs to the coronaviruses family and the World Health Organi-
zation (WHO) named it coronavirus disease-2019 (COVID-19) [1]. 
This family includes other members like SARS, H5N1, H1N1 and 
MERS, but COVID-19 got the fastest spread in comparison to them. 
In normal situations, pregnant females need special care seeking  

 
for the best pregnancy outcomes. But during the current situation 
of COVID-19 pandemic, those females need more care and attention 
especially after the appearance of adverse outcomes on the mother 
and her baby by this virus [2].

Effect on mother 

All available evidence suggests that pregnant women are at no 
greater risk of becoming seriously unwell than other healthy adults 
if they develop coronavirus. Most pregnant women experience only 
mild or moderate cold/flu-like symptoms. Cough, fever, shortness 
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of breath, headache, and loss of sense of smell are other relevant 
symptoms [3]. However, mothers still can die from COVID-19 respi-
ratory complications. Two mothers died after delivery due to respi-
ratory complications [4].

Effect on fetus

Up to date, there is no evidence of intrauterine vertical trans-
mission of COVID-19. Investigations like RT-PCR in cord blood, am-
niotic fluid or placenta were negative for the virus. However, there 
are reports of neonatal infection [5]. Those infants’ blood samples 
had antiviral antibodies in their blood after birth [6]. Unfortunate-
ly, IgM antibodies are too large to transfer through the placenta to 
the fetus, and this raises the suggestion of postnatal infection [7]. A 
study of nine pregnant women who were infected with COVID-19 
and had symptoms showed that none of their babies was affected 
by the virus. The virus was not present in amniotic fluid, the babies’ 
throats, or in breast milk [8]. Another study of 38 women infected 
with COVID-19 found that none of the newborns tested positive for 
the disease [9].

To date, all studies showed fetal infection in the third trimester 
but no available data about the first or second trimester. Accord-
ing to a systematic review of 17 studies, fetal affection appeared in 
the form of fetal distress, preterm birth, low birth weight, stillbirth, 
neonatal asphyxia, and neonatal death [10]. A simple explanation 
for that is in China, a lot of cases of pregnancies with suspected or 
confirmed COVID-19 have been treated and delivered in several 
hospitals with no maternal death. While the infection occurs in the 
third trimester of pregnancy, there may be some risks of prema-
ture rupture of membranes, this may lead also to premature labor 
and the baby may suffer from tachycardia and distress [11]. Thus, 
in turn, we are in a compelling need for finding a treatment for 
COVID-19 infection to protect those mothers and their babies.

Immunity in Pregnancy

For a long time, pregnancy was thought of as a state of immu-
nosuppression, but it is now more like a myth, now it is rather a 
state of immune modulation, which also varies in different phases 
of pregnancy. During pregnancy there are two immune systems 
working together, the maternal immune system and the feto-pla-
cental which can participate actively in response to infections and 
modulate maternal response [12]. Also, nature of immunity varies 
in different phases of pregnancy, first trimester is pro-inflammato-
ry, second trimester is anti-inflammatory, third trimester is pro-in-
flammatory. So, maternal response can be affected by the type of 
organism, stage of pregnancy and feto-placental part response to 
infection.

Response to Viral Infection in Pregnancy 

It looks like that immunological response of placenta can guide 
maternal immune response. So, if placental infection was associat-

ed with severe inflammatory response and release of cytokines as 
TNF alpha, IFN gamma, IL-6, this will lead to activation of maternal 
immunity and subsequent miscarriage or preterm labor 

If placental infection was associated with mild response that 
can lead to activation of maternal immune system with no termi-
nation of pregnancy and its sensitization to other viruses besides, 
activation of fetal immune system & inflammatory response even 
without viral transmission. This fetal inflammatory response is a 
condition in which there is high level of circulating cytokines while 
there are not cultivable organisms [13]. These cytokines were asso-
ciated with CNS and CVS abnormalities [14].

Active Role of Trophoblast Against Viral Infection 

During viral replication, DsRNA of the virus is produced and 
recognized by TLR3 in trophoblast leading to:

A. Production of anti-viral factors as Secretory Leukocyte 
Protease Inhibitor (SLBI) & IFN beta [15].

B. Production of chemokines such as KC, G-CSF, IL12P40, 
MCP-1, etc. which will attract the immune cells towards placen-
ta leading to edema, necrosis, hemorrhage in the placenta & fetal 
membranes. 

C. Production of cytokines as TNF alpha, IFN gamma, IL-6 
which regulates prostaglandin production, which is responsible for 
uterine contraction, these cytokines may also induce apoptosis of 
trophoblast [16].

Adaptive Immunity in Pregnancy
As pregnancy is a unique situation with the presence of fetus & 

his mother’s need to tolerate his existence, modulation of her im-
munity ensues to secure his existence. Here we give a look at the 
modulation that happens in adaptive immunity.

T cells

Pregnancy was noticed to be associated with decrease in 
T-lymphocytes including CD4 & CD8 T cells [17] and increase in 
T regulatory cells which suppress T cell proliferation and induce 
self-tolerance [18]. Focusing on T helper cells, pregnancy is found 
to be strongly associated with physiological shift to Th2 dominant 
environment with secretion of Th2 cytokines including IL-4, IL-10 
which dampen Th1 type immunity & this is important for success-
ful pregnancy [19].

B-lymphocytes

Some studies show that pregnancy is associated with decreased 
B cell lymphopoiesis, B-lymphocytopenia, decrease in function of 
B cells & response to mitogens [20]. However, pregnancy effect on 
humeral immunity is complicated & weird. While there is inhibited 
B cell lymphopoiesis in pregnancy, estrogen administration in vitro 
was associated with higher IgM &IgG production from peripheral 
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blood mononuclear cells & in vivo was associated with increase 
of autoantibodies in SLE mouse models. So, it looks like estrogen 
is associated with enhanced B lymphocyte action [21]. So, how 
comes with suppressed lymphopoiesis & lymphocytopenia noticed 
in pregnancy. Previous data suggests that pregnancy is associated 
with inhibition of new B cell development but promoting the al-
ready mature B cells with enhanced antibody production of these 
mature B cells. This can be evidenced by finding no loss of antibody 
response to inactivated influenza vaccine administration during 
pregnancy in this study in which the response to the influenza vac-
cine was rather dependent on memory B cell due to previous expo-
sure to similar virus strains with similar antigens [22].

Changes in Serum Cytokines and other Components 
in Pregnancy

Pregnancy in previous studies was found to be associated with 
significant decrease in GM-CSF, MCP-1, IFN-Y, significant increase in 
G-CSF & TNF alfa [23], and significant increase in Alfa defensins 1-3 
in blood in pregnancy. Alfa defensins are anti-microbial peptides 
with defense properties against bacteria, fungi & enveloped viruses 
[24].

COVID-19 and Immunity

The Innate Immunity 

The innate immunity seems the first line of defense against 
COVID-19, it depends mainly on release of IFN-1which can inhib-
it viral replication and induce adaptive immune response [24]. On 
looking at previous corona viruses, SARS & MERS, they both ad-
opted strategies to suppress IFN-1 [25]. This suppression strategy 
was associated with disease severity. So, weak initial response, im-
munity deregulation & suppressed IFN-1 can interfere with early 
viral control leading to influx of hyper-inflammatory macrophages 
with release of high levels of cytokines possibly leading to ARDS & 
multi-organ failure [25]. While strong initial response can lead to 
control of viral replication &attraction of specific T-cells resulting in 
elimination of infection with minimal damage to lungs [25].

Adaptive Immunity

T-lymphocytes Status in COVID-19

COVID-19 was found to be associated with lymphocytopenia 
mainly affecting T-lymphocytes, specifically CD4+ cells but no sig-
nificant change in CD8+/B Cells [24]. This raises the question; why 
is there lymphocytopenia noticed in COVID-19 patients? 

This could mainly attribute to the T-lymphocytes attraction to 
the lungs due to releases cytokines & chemokines which can attract 
monocytes and lymphocytes but not neutrophils. The thing that 
explains lymphocytopenia & increased N/L ratio associated with 
covid19 patients [25]. But interestingly, cytokines elevated with 
COVID-19 including: IL-1B, IL-2, IL-7, IL-8, IL-9, IL-10, IL-17, GCSF, 
GM-CSF, IFN Y, TNF alfa, IP10, MCP1, MIP1A, MP1B indicate high 

response of Th1, Th2, Th17 cells. This may show a conflict with 
lymphocytopenia. In fact, there is already CD4+ lymphocytopenia 
because they are attracted to lungs, to combat the infection & while 
they are there, they secrete many cytokines, and this extensive re-
sponse may result in damage of the lung itself.

COVID-19 and the Cytokine Storm

Cytokine storm simply is excessive immune response to a stim-
ulus resulting in release of many cytokines which can have delete-
rious effects on body organs including lungs and other organs. It 
is now known that COVID-19 in some patients is associated with 
cytokine storm leading to high morbidity & mortality [26]. Cy-
tokine storm is a major cause of Acute Respiratory Distress Syn-
drome (ARDS), multi-organ failure [27]. Studies are still carried out 
to better recognize &understand the exact mechanisms, but so far, 
through looking back to SARS, MERS & also current information 
about COVID-19, it looks like to be caused by:

A. Suppression of IFN-1 response, loss of early viral control 
leading to invasion of hyper inflammatory monocytes & release of 
many pro-inflammatory cytokines [28]. To better understand this, 
during viral attack, innate immune response is the first line of de-
fense against this invasion, this innate response depends mainly on 
IFN-I & its cascade. Corona viruses including SARS, MERS & possi-
bly COVID-19 adopt strategies to dampen the initial IFN-1 response 
leading to loss of early viral control, increased viral replication, 
high levels of pyroptosis - programmed cell death with highly in-
flammatory form [25]. Suppression of early IFN-1 response will 
lead to invasion of hyper inflammatory monocytes with release 
of many pro-inflammatory cytokines. While increased pyroptosis 
leads to elevation of IL-1B [29]. Suppressed IFN-I response, in-
creased pyroptosis, detection of Pathogen Associated Molecular 
Patterns (PAMPs) such as viral RNA by Pattern Recognition Recep-
tors (PRRs) of alveolar macrophages will lead to local inflamma-
tion with release of high level of cytokines & chemokines causing 
the attraction of monocytes & T cells from blood to infected region 
leading to even higher levels of cytokines.

B. Presence of highly inflammatory macrophages in bron-
cho-alveolar lavage fluid & high CD4+CD16+ inflammatory mono-
cytes in blood -specially in severe COVID-19 patients rather than 
mild ones - was associated with secretion of inflammatory cyto-
kines as MCP1, MIP1 alfa, IP-10 contributing to the cytokine storm 
[30].

C. Possible infection of immune cells as monocytes by 
COVID-19 virus can lead to aberrant cytokine secretion as found in 
earlier studies of SARS-CoV [31].

Convalescent Blood Plasma
Convalescent Blood Plasma (CBP) transfusion depends mainly 

on separating blood plasma from individuals whom have success-
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fully overcome infection, using the specific antibodies-evolved by 
their immune system- or combat the same invader in other pa-
tients, with main concern to eradicate the pathogen [32]. These 
specific Abs, as well as convalescent plasma an IVIg, has mecha-
nisms of action:

A. Neutralization the Infection, which means that they will 
Bind to the Virus, prevents its Entry to Cells & so Deleting its Infec-
tivity, Preventing its Amplification [33].

B. Complement Activation via Classical Pathway, once the 
Abs Bind to Pathogen via Fab Region, C1 Complexes Bind to Fc Re-
gion, starting a Cascade Leading to Formation of Membrane Attack 
Complex & So to Lysis of The Virus [34].

C. Antibody Dependent Cellular Toxicity, in which Abs Bind 
to Virus via Fab & Bind with Natural Killer Cells Via Fc Region, so in 
Short Antibodies do the Identification & Leave the Dirty Work-Kill-
ing-for Natural Killer Cells with even Making these Natural Killers 
more Professional & Effective.

D. Agglutination, In Which Abs Work as Glue & Form Clumps 
of Foreign Bodies Which Are Attractive for Phagocytosis. 

E. Also, Interestingly, IgG can pass to Fetus by Placenta, pro-
viding the Baby with Temporary Protection. 

F. Curiously, this Convalescent Plasma does not only have 
Anti-Viral Properties, but also it has Immuno-Modulatory Effects 
which can be helpful in COVID-19 Patients.

Anti-Autoimmune Disorder Properties
Interestingly, some critically ill COVID-19 patients tested pos-

itive for presence of ant phospholipid Abs [35], so the use of CBP 
may neutralize these Antibodies, reducing possibility of associated 
complications as coagulopathy & associated pregnancy complica-
tion as miscarriage, early delivery, oligohydramnios, fetal distress, 
neonatal thrombosis, pre-eclampsia and eclampsia [36]. 

CBP can solve this problem through inclusion of anti-idiotypic 
Abs during preparation of IVIg can block auto reactive antibodies of 
the recipients & so can be used in autoimmune disorders.  

Early clearance of autoimmune Abs by shortening their lifetime 
by saturating neonatal Fc receptors with IVIg [37]. This neonal Fc 
Repertory (FcRn) can control the lifetime of IgG by preventing its 
degradation [38].

Anti-complement properties 

Some Abs can inhibit C3a, C5a which play a significant role in 
inflammation & allergic reaction [39].

Anti-cytokine properties

IgG in plasma can neutralize some cytokines as IL-1B, TNF Alfa 
[40]

Convalescent Plasma Immuno-Modulators Effect 
on T-Cells

Using IVIg was associated with decrease of Th1 cells, low IFN 
Y, TNF Alfa, decreases proliferation of Th17 cells, decreased IL-17, 
elevated Th2 cytokines [41], reduction & decreased activation of 
cytotoxic T cells, improved pregnancy outcome in cases with re-
current pregnancy loss due to its immunomodulation properties of 
Th1, Th2, and Th17/Treg ratio [42].

CBP Immunomodulatory Effects on Innate 
Immunity Cells including Dendritic Cells & 
Macrophages 

Dendritic Cells 

IVIg was found to be associated with promoting anti-inflam-
matory profile of Dendritic Cells (DCs) via inhibiting maturation of 
DCs, decreased production of IL-17 increased IL-10 production, IL-
4, IL-13, and down regulation of co-stimulation molecules (CD40, 
CD80, CD86), down regulation of HLA-II in DCs [43].

Macrophages 

Treating macrophages with IVIg is associated with enhance-
ment of anti-inflammatory properties of macrophage via decreas-
ing production of IL-12/23p [40] and increased production of IL-10 
[44]. While there is no clue indicates that IVIg is associated with 
inhibiting macrophage migration to lungs, but there was decreased 
nerve macrophage infiltration in a study made in induced peripher-
al neurotoxicity in rats [45].

Role of Convalescent Plasma for COVID-19 in 
Pregnancy

Theoretically, CBP use in pregnancy is useful in too many ways 
& further studies need to be performed to test its efficacy in real 
world on pregnant women. When it comes to adaptive immunity, 
it looks dampened in pregnancy, so using CBP in pregnancy with 
COVID-19 will provide the pregnant with specific abs against the vi-
rus helping her immune system to eradicate the pathogen through 
anti-viral mechanisms shown before. It also neutralizes the virus, 
so deleting its interaction with placenta & trophoblast (via TLR3 as 
shown before) which can trigger preterm delivery as shown with 
some COVID-19 pregnant women. Additionally, as IgG can cross the 
placenta, it will possibly provide the fetus with passive immunity. 
Finally, through its immune-modulatory & anti-inflammatory ef-
fects, it seems that CBP has properties which can suppress cytokine 
storm which is a major cause of ARDS & multi-organ failure.

History of Convalescent Plasma use with other Viral 
Infections

The concept of immunotherapy takes us back to late 19th centu-
ry when this concept derived from works of Ehrlich, Pasteur & Bor-
deau whom recognized the neutralizing action of antibodies [46]. 
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In 1880, it was found that immunity developed in animals-after in-
tentional immunization with nonlethal doses of diphtheria toxins 
& which was mainly derived on abs against toxins in the blood of 
animals-can be transferred to animals with active infections [47]. 
Then the immune sera of some animals as goats, horses & sheep 
were used in humans suffering from diphtheria, it was successful & 
saved many lives [48].

In the 50s of last century, it was available to purify & concen-
trate immunoglobulins derived from immunized donors whether 
by full recovery from past clinical infection or asymptomatic infec-
tion & so formed the hyper immune globulin. Since then, IVIg pro-
gressively replaces animal sera use & it was used in serious infec-
tion and immune disorders as immunodeficiency and autoimmune 
diseases, as immune plasma was found to have immuno-modulato-
ry characteristics besides its ability to neutralize pathogens [49].

Although CBP products as polyclonal abs, monoclonal abs, IVIg 
have several benefits and used but their use in cases of emergen-
cy is limited as their production is difficult & costly, so in cases of 
emergency with no other available medication or vaccine, CBP is 
the first therapeutic option. 

Use of CBP in Spanish Flu 

A meta-analysis was performed on the effect of convalescent 
blood products on patients with Spanish flu, its efficacy, adverse 
events [50]. It was found that:

A. Use of convalescent plasma products were associated 
with improved outcome in the form of improved clinical symptoms 
& signs, decreased risk of death, decreased mortality with overall 
crude case fatality rate 16% in intervention patients versus 37% 
in controls.

B. Early treatment with CBP (after <4 days of pneumonia 
complications) was associated with better outcome than late treat-
ment.

Use of CBP in Avian Flu H5N1

Zhou et al [51] found in a previously healthy male tested posi-
tive for H5N1, started treatment with oseltamivir but with no im-
provement & the viral load continued to increase, that CBP from 
another patient who had recovered from H5N1 infection was ob-
tained, resulted in decreased viral load & even became undetect-
able within 32 hours after first transfusion. Additionally, there were 
improved radiographic findings of pulmonary lesions.

Use of CBP in H1N1 

Hung et al [52] in H1N1 patients reported that administration 
of CBP (with neutralizing antibody titer >\= 1:160) was associated 
with significant decrease in the mortality among treatment group 
vs. non-treatment group (20% vs. 54.8%). Another study showed 

administration of hyper immune IVIg was associated with signifi-
cantly lower viral load and reduced mortality in H1N1 patients, and 
no adverse events were reported [53].

Use of CBP in SARS 

Soo et al. [54] reported that CBP administration was associat-
ed with decreased length of stay in hospital, decreased mortality 
(death rate in plasma group was 0%) vs. the steroid group who 
had longer stay & higher mortality. Cheng et al. [55] found that CBP 
administration was associated with decreased mortality in gen-
eral (12.5% mortality rate in intervention group vs. 17% overall 
SARS related mortality in Hong Kong). Yhe et al. [56] showed an 
association between CBP administration with decreased viral load, 
increase in anti SARS-CoV IgM, IgG over time, but the interesting 
about this study that one patient became pregnant, delivered 13 
months after discharge & the baby was positive for anti SARS Abs 
suggesting possible transfer of abs from his mother.

Use of CBP in MERS 

Ko et al. [57] reported two of the three patients with MERS 
treated by CBP showed neutralizing activity & it was concluded that 
CBP should be with neutralizing activity of PRNT (Plaque Reduc-
tion Neutralization Test) titer >\= 1:80.

Lessons from Previous Viruses
All previous studies had several limitations & were all exposed 

to moderate/ high bias chances because of 

A. Absence of randomized clinical trials, 

B. Absence of intervention and control groups in most of 
previous studies, 

C. The dose, timing, antibody neutrality titer, CBP volumes 
were not standardized, 

D. Use of CBP was not alone & there were adjunctive therapy 
next to it, so its isolated efficacy cannot be determined, 

E. Reports about its use in pregnancy are rare. 

However, there are some lessons that can be learnt from previ-
ous data; it is noticed that early use of CBP is associated with bet-
ter outcome. this can be explained by most viruses reaching their 
peak viremia in the first week of infection followed by development 
of primary response between days 10-14, so CBP administration 
should be early in the course of viral infection and in correspon-
dence with peak viremia. Also, neutralizing Ab titer is important 
thing to consider as seen in Ko et al. study [57] about MERS where 
antibody neutralizing titer should be ≥1:80 to achieve neutralizing 
activity & to avoid antibody dependent enhancement with sub-neu-
tralizing concentrations. Therefore, plasma should be collected 
from recently recovered patients as humoral immune response is 
short lasting & Ab titer decreases rapidly [58]. Increase the load on 
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circulation is a severe complication of CBP transfusion. Also, RBCs 
alloimmunization, hemolytic transfusion reactions and febrile non 
hemolytic transfusion reactions are rare and not considered sever 
complications. Many theories consider mortality rates in patients 
with any disease other than trauma or diseases related to trauma 
increased. Also, morbidity and mortality increased in case of com-
patible but not identical ABO plasma and mortality tendency in-
creases much more after transfusion by about 14 days. In contrast, 
many theories consider that plasma transfusion is not associated 
with mortality and never cause it, but it surely has its severe com-
plications.

Conclusion 
In conclusion, use of CBP in pregnant women should be consid-

ered; it forms a potential effective therapy for COVID-19 in preg-
nant patients and appears to be safe. Through history of use, it has 
a significant effect at improving clinical outcome & decreasing mor-
tality rate. Through lessons from CBP use, the dose and neutraliz-
ing Ab titer should be considered, as sub-neutralizing may lead to 
antibody dependent enhancement phenomenon. Transfusion rate 
& dose should be adjusted in pregnant women to avoid transfusion 
associated circulatory overload as pregnancy is associated with 
cardiovascular system changes which includes increased whole 
blood volume & cardiac output. Timing of CBP administration is 
important, and early timing in correspondence with peak viremia 
was significantly associated with better outcome than late timing, 
so use of CBP before day 14 of the disease should be considered. 
Adverse events with CBP use were rare in general & mostly mild, so 
CBP use looks safe.
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