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Abstract

Purpose of Review The impact of the coronavirus disease 2019 (COVID-19) pandemic is profound, with distressing conse-
quences on many individuals, especially those with co-morbidities. Pregnant women are one such group of individuals who are at
in increased risk of contracting COVID-19, due to their immunocompromised state. In South Africa, HIV infection and pre-
eclampsia are the leading causes of maternal morbidity and mortality, with South Africa being the HIV epicentre of the world.
The relationship between COVID-19 superimposed on HIV infection and preeclampsia is complex and uncertain due to their
different immune responses, and therefore requires further research.

Recent Findings Notably evidence suggests that pregnant women with chronic comorbidities (HIV and pre-eclampsia) may be at
a greater risk of contracting or encountering complications from COVID-19. Maternal stress, during a pandemic, as well as home
delivery have become potential options for pregnant woman. Nonetheless there is currently a paucity of information on the
combined effect of COVID-19 in HIV-associated preeclampsia.

Summary Understanding the pathogenesis of COVID-19 could potentially aid in developing effective treatment strategies for
COVID-19 in HIV associated preeclampsia. This review article presents a comprehensive analysis of the current data in relation
to COVID-19 and its effect on pregnant women, including symptoms, pathogenesis and the possible risk of vertical transmission.
This paper also reviews its’ interactions and effects on preeclamptic and HIV positive pregnant women with suspected or
confirmed COVID-19.
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Introduction

In Wuhan City, China, numerous cases of pneumonia with
unknown aetiology were reported by the Chinese Health
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Authority in late November /December 2019 [1¢]. This epi-
demic of coronavirus disease 2019 (COVID-19) was caused
by the novel severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). The World Health Organization (WHO) de-
clared the outbreak a global pandemic on March 11, 2020
[2-4].

Coronaviruses are single-stranded viruses with an encapsu-
lated RNA (Fig. 1) [7]. The term corona loosely means “halo”
or “crown” in Latin, and refers to the structure of the capsid
and RNA (Fig. 1) [8+¢]. The majority of the circulating
coronaviruses cause mild upper respiratory infections, typical-
ly with fever, dry cough and fatigue, with sporadic severe
illness in immunocompromised individuals [9e¢]. Although
people of all ages are vulnerable to this virus, the elderly and
those with pre-existing medical conditions such as tuberculo-
sis, Human Immunodeficiency Virus (HIV), diabetes and
asthma, are more susceptible to severe illness and fatalities
[10°]. In addition, pregnant women are at a higher risk than
non-pregnant women, as their altered immune state renders
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Fig. 1 Structure of SARS-CoV-2 [Adapted from Encyclopedia
Britannica, 2020] [5].The spike protein (S) enables binding to the trans-
membrane ACE2 host receptor; the envelope (E) protein and the mem-
brane (M) protein together form the viral envelope and determine its
shape; the hemagglutinin esterase (HE) protein may look like another cell
entry mechanism of novel CoVs; the nucleocapsid (N) protein in bound to

them more susceptible to viral infections and adverse preg-
nancy outcomes [11]. Previous evidence suggests that preg-
nant women with viral infections similar to that of SARS-
CoV-2, such as severe acute respiratory syndrome (SARS),
and Middle East respiratory syndrome (MERS) have a greater
risk of maternal and neonatal morbidity and mortality [12ee].

During pregnancy, women develop an immunological ad-
aptation which is essential for maintaining tolerance of the
foetal semi-allograft [13]. This phase of a temporary sup-
pressed immunity is modified by repression of T cell activity,
which thus predisposes pregnant women to viral infections
[14, 15]. Furthermore, the physiological changes in the circu-
latory and respiratory systems during pregnancy together with
any inflammatory responses, as a result of a viral infection, is
likely to aggravate clinical outcomes [16+¢]. Pregnant woman
hospitalized for pneumonia are known to be at a higher risk of
preterm birth, miscarriage, caesarean delivery and pre-
eclampsia development [16¢¢].

Pre-eclampsia (PE) is a pregnancy specific disorder char-
acterized by new onset hypertension at or after 20 weeks’
gestation [17]. Moreover, women with bacterial or viral infec-
tions have a two-fold higher risk of developing PE [18].
SARS-CoV-2 is believed to attack the host and invade via
angiotensin-converting enzyme 2 (ACE2), a cell entry recep-
tor [19+¢]. The signs and symptoms produced by the SARS-
CoV-2 infection are assumed to be a result of vasoconstriction
due to a dysfunction of the renin-angiotensin system [20e¢].
On the other hand, the pathognomonic feature of PE involves
widespread endothelial damage emanating from oxidative
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the RNA genome of the virus to form the nucleocapsid [6]. For SARS-
CoV-1 and SARS-CoV-2, the S protein is the key determinant for host
tropism and pathogenicity. It is the focal target for neutralizing antibodies
and thus of great concern with regard to immunological response and
vaccine development [6]

stress and anti-angiogenesis with dysregulation of the immune
response [21¢]. Furthermore, in the immunocompromised
state of HIV infection, the tat protein has a powerful anti-
angiogenic effect. Thus HIV-infected individuals have an in-
creased risk of SARS-CoV-2 infection or severe illness [22].
The administration of anti-retroviral therapy (protease inhibi-
tors, nucleoside reverse transfer inhibitors, or non-nucleoside
reverse transfer inhibitors) may alter an individual’s predispo-
sition to SARS-CoV-2 infection [22].

There is a paucity of data investigating the status of
COVID-19 in pregnant women due to its high risk of
human-to-human transmission. Thus a review is urgent and
necessary to fill in current voids in the literature on COVID-19
infection concomitant with HIV infection in pregnant women
with PE. This is of particular importance in countries such as
South Africa in which the frequencies of both HIV infection
and PE are high [23]. Moreover, this type of clinical setting
will enable the development of efficacious treatment
strategies.

COVID-19 Infection
Molecular Alterations by SARS-CoV-2

An understanding of the molecular basis of SARS-CoV-2 and
its’ interaction with host cells, is crucial in designing effective
therapeutic strategies against COVID-19. Despite the fact that
COVID-19 results in severe pulmonary disease and its
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complications which may result in death, there is as yet no
effective cure, drug treatment or vaccine [24]. Treatment re-
mains supportive care with nasal oxygen or assisted ventila-
tion although the use of low doses of the steroid, dexametha-
sone has been shown to improve survival rates [25].

Numerous molecular events are possibly involved in the
pathogenesis of SARS-CoV-2 infection and its subsequent
pulmonary and systemic complications. An accumulation of
hyaluronan (a glycosaminoglycan component of the extracel-
lular matrix found in the lung) and the potential role of poly-
saccharides for the interstitial oedema of the lungs, have been
recognized [26]. Hyaluronan can absorb water 1000 times its
molecular weight [27]. Andonegui-Elguera et al., (2020) re-
vealed that an upregulation of genes encoding proteins that are
required in hyaluronan, glycosaminoglycan, aminoglycan and
mucopolysaccharide metabolism, in bronchoalveolar cells,
are vital precursors in interstitial pulmonary oedema [28].
Additionally, several inflammatory cytokines produced in
SARS-CoV-2 infection are robust inducers of hyaluronan me-
tabolism, thus the need to identify immune cells infiltrating
lung tissue [29]. The inhibition of hyaluronan synthesis could
thus contribute to the management of SARS-CoV-2 infection
[28]. An increased infiltration of macrophage and neutrophils
to sites of infection/s have been documented and could poten-
tially fuel acute respiratory distress syndrome (ARDS) [30].
Alterations in the concentrations of myeloid, Natural Killer
(NK) and B-cells in the SARS-CoV-2 infected patients have
also been reported [31]. Additionally, significant lymphopenia
has also been observed, particularly in young patients, indic-
ative of an impairment of the immune system during the
SARS-CoV-2 infection [32]. Alterations of mast cell concen-
trations in broncho-alveolar lavage fluid, has also been docu-
mented. These mast cells secrete certain interleukins and
chemokines necessary for attracting white blood cells to the
inflammatory sites [33]. Although a synchronized immune
response from both the innate and adaptative systems could
result in the rapid control of the virus, an unsuccessful im-
mune response would cause viral spread, cytokine storm and
ultimately death.

Molecular Mechanisms and Gender Differences

Similar to the 1918 influenza pandemic and the SARS
outbreak in 2003, males are more susceptible to SARS-
CoV-2 infections as compared to females [34, 35].
Currently, more males than females have succumbed to
death as a result of SARS-CoV-2 infections [36]. The
decreased morbidity of SARS-CoV-2 infected women
may be attributed to genes encoded on X chromosomes,
and sex hormones [37]. ACE2 is a major link in the path-
ogenesis of COVID-19 and also catalyses the conversion
of angiotensin I and angiotensin II to Ang 1-9 and 1-7,
which aids in organ protection [38]. ACE2 genes are

located on X chromosomes and females contain two X
chromosomes, which function in a coordinated manner
[37]. Men, with one X chromosome, thus lack cellular
protection necessary during the SARS-CoV-2 infection
[39]. Furthermore, Toll-like receptors (TLRs), which rec-
ognize pathogen-associated molecular patterns
(PAMPS’s) to initiate appropriate immune responses, are
also encoded on the X chromosomes [40]. Thus, woman
have an enhanced TLR-mediated response and stronger
innate immune response due to their two X chromosomes,
compared to males, with one X chromosome. Besides
chromosomes, sex hormones also effect the selection of
immune response in both males and females [37].
Oestrogen and oestrogen receptor-« have been identified
to contribute to T cell activation and proliferation, with
the subsequent induction of interferon gamma (IFN-vy)
which inhibit SARS-CoV-1 replication in females [41].

Pathogenesis: Entry into Host

Notably, the clinical manifestations of COVID-19 are similar
to two other human infecting coronaviruses viz., SARS-CoV-
1 and MERS-CoV infections [42]. Whilst the exact pathogen-
esis of COVID-19 requires clarity, the mechanisms of SARS-
CoV-1 and MERS-CoV action may assist in unravelling the
mystique of this infection.

The coronavirus S protein serves as an important determi-
nant of viral entry into host cells [43]. More specifically, these
spike glycoproteins on the viral envelope bind to the ACE2
receptor, for SARS-CoV-1 and SARS-CoV-2, and N,N-
diethyl-2-(4-phenylmethyl) ethanamine (DPPE) for MERS-
CoV [44]. ACE2 is expressed in most organs in the body
including ciliated and goblets cells in airways, as well on the
placenta in pregnant woman, which serve as additional routes
of entry into the host [45]. ACE2 has also been identified on
intestinal epithelium, in high volumes, and also on cardiac
cells and vascular endothelia, thus accounting for the cardiac
problems endured by some patients [46]. A critical proteolytic
cleavage at the SARS-CoV S proteins position, S2’ facilitates
the viral and plasma membrane fusion, and viral infectivity
[47]. Upon viral entry into the host (Fig. 2), the viral RNA
genome that is released into the cytoplasm is then translated
into two polyproteins and structural proteins, followed by the
replication of the viral genome [48]. Envelope glycoproteins
that are newly synthesized are inserted into either the golgi or
endoplasmic reticulum (ER), and the nucleocapsid is synthe-
sized through the combination of both nucleocapsid protein
and genomic RNA [7]. Afterwards there is germination of the
viral particles into the ER-golgi intermediate compartment
(ERGIC), and ultimately there is fusion between the vesicle
containing the virus particles and the plasma membrane to
expel the virus [49e°].
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Fig. 2 COVID-19 entry and viral replication and viral RNA packing in the human cell [Adapted from Boopathi et al., 2020] [48]

Antigen Presentation

Upon entry into the cell, viral antigens are presented to antigen
presenting cells (APC) [50]. The three major histocompatibil-
ity complex (MHC) class I genes; human leukocyte antigens
(HLA) A, B, and C, present these antigenic peptides to virus-
specific cytotoxic T lymphocytes (CTLS) [51]. Although an-
tigen presentation of SARS-CoV-1 primarily depends on
MHC I molecules, MHC 1I also has a contributory role [51].
The diverse peptides present, and the antigen presentation
procedure of the host, enables a better understanding of cellu-
lar immunity thereby contributing to vaccine development.
Dendritic cells (DCs) also have an important role as an antigen
presenting cell during viral infection, and further links innate
and adaptive immunity [52]. The analogy between SARS-
CoV-2 and its predecessor strain infection (SARS-CoV-1 &
MERS-CoV), allow for its” antigen presentation mechanisms
to be understood using accessible data. Lau et.al., (2012) [53]
elucidates that DCs are found to be a possible prospect in
antigen presentation during SARS infection, as they are al-
leged to respond back whenever there is an inflammatory
response in the respiratory tract. Evidence shows that SARS-
CoV-2 infects human macrophages as a result of
Immunoglobulin G (IgG) mediated antibody enhancement
(ADE), and that infected macrophages do not illicit productive
viral replication [54].

@ Springer

Humoral and Cellular Immunity

The humoral and cellular immunity are facilitated by
virus-specific B and T cells, that are activated by antigen
presentation [55]. The humoral immune response is an
antibody-mediated immune response, where B cells are
assisted by T helper cells to differentiate into plasma
cells that can produce antibodies specific to a viral anti-
gen (Fig. 3) [50]. Since SARS-CoV-1 virus has an anti-
body profile similar to that of common acute viral infec-
tions, IgM and IgG production form part of the primary
and secondary immune responses, respectively [56].
Research has shown that the SARS-specific IgM antibod-
ies disappear at the end of week 12, whilst the IgG
antibodies last for a longer time [56] confirming that
IgG is a potent protector antibody during infection.
Furthermore, SARS-specific IgG antibodies are S-
specific and N-specific antibodies that attach to either
the spike or nucleocapsid, respectively [57]. In compar-
ing the humoral immune response to the cellular immune
response, the latter is a mechanism of adaptive immuni-
ty, mediated by T-lymphocytes (Fig. 3). Helper T cells
and cytotoxic T cells are vital in cellular immunity,
where they direct the overall adaptive immune response
and kill of viral infected cells, respectively [58]. Yong et.
al., (2019) [59] showed that T cells are imperative for
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Fig. 3 The pathogenesis of COVID-19 [Adapted from Li et al.,2020] [50]

cellular immunity on both the MERS-CoV and SARS-
CoV-1, where a lack of T cells consequently resulted
in no viral clearance.

Furthermore, recent reports show that the number of
CD4+ and CD8+ T cells in the peripheral blood of
SARS-CoV-2 infected patients are reduced significantly,
despite its excessive activation [60]. Likewise, the acute
phase response in patients with SARS-CoV-1 is accom-
panied with severe reduction of both CD4+ T and CD8+
T cells [56]. With regard to the SARS-CoV-1 and
MERS-CoV infections, it was reported that, CD4+
(TNF«, IL-2, and IFN) and CD8+ (TNF«, IFN-gamma)
memory T cells can persist for four years in SARS-CoV-
1 recovered individuals and can also undergo T cell pro-
liferation, delayed-type hypersensitivity (DTH) response
and production of IFN-gamma [61]. Investigations per-
formed has revealed that 14 out 23 patients, 6 years after
the SARS-CoV-1 infection, displayed distinct T cell
memory when exposed to the S peptide library of
SARS -CoV-1 [62]. Similarly, specific CD8+ T cells
display a comparable effect on MERS-CoV clearance in
mice [63].

Although these discoveries can assist in the rational design
and development of effective vaccines against SARS-CoV-2,
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recent reports show that peripheral blood mononuclear cells in
those SARS-CoV-2 infected patients, decline with concomi-
tant reduction in CD8" and CD4" T cell counts [64]. SARS-
CoV-2 may therefore persist in these survivors as they may
have a compromised T memory cell generation.

Cytokine Storm

An over-reaction of one’s immune system in response to a
foreign material or antigen gaining entry, produces an
uncontrolled and generalized inflammatory response of
cytokines known as the “cytokine storm” [65].
Consequently, enormous quantities of pro-inflammatory
cytokines (IFN-«, IFN-y, IL-13, IL-6, IL-12, IL-18, IL-
33, TNF-«, TGF-3, etc.) and chemokines (CCL2, CCL3,
CCLS5, CXCL8, CXCL9, CXCL10, etc.) are secreted by
immune effector cells as seen in SARS-CoV infected pa-
tients [66]. Acute respiratory distress syndrome and pul-
monary inflammation are in fact a consequence of cyto-
kine storm, and is thus one of the crucial determinants to
assess the severity of COVID-19 [62, 66, 67]. Reports
show that 40% of the earlier SARS-CoV-2 infected pa-
tients died as a result of ARDS [68].
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Previous studies have reported that COVID-19 infected
patients requiring ICU admission, have elevated concen-
trations of CXCL10, CCL2 and TNF-«, in contrast to
those not requiring ICU admission [67]. Moreover, a
distinguishing characteristic of SARS-Cov-2 infection
compared to SARS-CoV infection, is the increase in
Th2-cytokines (IL-4 and IL-10) that are primarily impor-
tant in supressing inflammation [69]. The above data sug-
gests that cytokine storms are therefore detrimental in that
they attack the immune system, with resultant ARDS,
multiple organ collapse and, in severe cases of SARS-
CoV-2 infection, death [70].

Immune Evasion

Despite a lack of clarity on how SARS-CoV-2 evades the
hosts immune system, an 80% and 50% RNA sequence
homology of SARS-CoV-2 with SARS-CoV-1 and
MERS-CoV respectively, allows for an extrapolation of
knowledge until further evidence has been identified
[71]. Nonetheless, Kikkert (2019) [72] hypothesised that
SARS-CoV-1, MERS-CoV, and SARS-CoV-2 evades im-
mune detection by supression of our immune response. As
a result of the three aforementioned coronaviruses belong-
ing to the same genera, Betacoronavirus, they share sim-
ilar immune evasion methods [8]. Immune evasion could
also highlight the reason for longer incubation periods (2—
11 days) experienced in some patients, where the virus is
able to escape detection by cellular pattern recognition
receptors (PRR) during the initial phase of infection
[73]. In the progression of a SARS-CoV infection, viral
PAMPS’s are protected from cytosolic PRR’s detection as
the isolation of viral dsSRNA occurs within double mem-
brane vesicles (DMV’s) [73]. Corona viruses implement
strategies (e.g. type I IFN responses) against the human
bodies innate immune responses to exist and expand with-
in a host with an incorporated antiviral IFN immune re-
sponse [74]. In 2003, during the SARS-CoV-1 outbreak in
Toronto, Canada, IFN-« was used to treat hospitalized
SARS patients, resulting in an enhanced resolution of
lung abnormalities [75]. Interferons serve as an extremely
effective cytokine that can control the viral infection [76].
Corona viruses escape the immune strategies by inhibiting
IFN induction and signalling [77]. During the inhibition
of IFN induction, the deferred induction of IFN by the
coronavirus subsequently activates proinflammatory cyto-
kines and macrophages in the lungs [78]. This activation
causes leakage of vessels, and further damages responses
in the adaptive immunity.

IFN signalling is inhibited by SARS-CoV-1 and MERS-
CoV interacting with several proteins to interfere with the
signal transduction chain [79].
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Phenotypic Signs and Symptoms

The symptoms associated with COVID-19 infection man-
ifests after an incubation period of approximately 5.2 days
[80]. The time frame from the onset of the symptoms to
death may extend this period from 6 to 41 days, with an
average of 14 days [81+¢]. However, this range is depen-
dent on various factors, such as the immunity and age of
the patient. Evidence shows that patients >70-years old
have a shorter number of days to death, compared to pa-
tients <70-years old. In terms of immunity, evidence
shows that patients with underlying diseases have a com-
promised immunity that renders them more susceptible to
a severe COVID-19 infection, and thus these individuals
are more susceptible to severe illness than those with no
underlying medical condition [81e]. Symptoms are most-
ly systemic and respiratory disorders (Fig. 4), that include
at onset fatigue, fever, cough, headache, diarrhoea, spu-
tum production and haemoptysis [82]. In addition, diges-
tive symptoms such as nausea, loss of appetite and
vomiting, are experienced by some individuals.

Radiologic manifestations of COVID-19 have been pri-
marily explored on chest CT scans and reveal clinical
features, of pneumonia and ARDS, RNAaemia and acute
cardiac injury [83]. The distinctive features include bilat-
eral ground-glass opacities (GGO) with or without con-
solidation in the peripheral lungs, that culminates in death
[84]. The use of CT scans has benefits in COVID-19
tested negative patients diagnosed by real-time reverse-
transcription polymerase-chain-reaction (rt-PCR) assay
[85].

Systemic Disorders Respiratory Disorders

Fever, Cough, Fatigue,
Sputum Production,
Headache

Rhinorrhoea,
Sneezing, Sore Throat

I
; 2R Pneumonia
Haemoptysis, f\",‘.

Acute Cardiac Injury Ground-glass Opacities

Hypoxemia ~

3 RNAaemia, Acute
Respiratory Distress
Syndrome

Dyspnoea,
Lymphopenia

Diarrhoea

Fig. 4 The systemic and respiratory disorders caused by COVID-19
infection [Adapted from Rothan and Byrareddy, 2020] [82]
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COVID-19 during Pregnancy

The prevention, control and management of COVID-19 infec-
tion among pregnant women and the probable risk of vertical
transmission is a major concern. The danger of vertical trans-
mission of SARS-CoV-2 could be as low as that of SARS-
CoV-1, where homology modelling revealed similar receptor
binding domain structure between the two, suggesting similar
pathogenesis [86]. While many recent studies only scrutinize
and investigate a minimal number of COVID-19 infected
pregnant woman, their findings are valuable under such emer-
gent circumstances to aid effective preventative and clinical
practices globally.

Pregnant women are at an increased risk of contracting
additional severe diseases compared to non-pregnant women,
due to the physiologic changes that they experience, including
an increased heart rate and oxygen consumption, reduced lung
capacity, and furthermore a shift away from cell-mediated
immunity [87]. The symptoms experienced in COVID-19 in-
fected pregnant woman, include a fever, cough, and shortness
of breath, all of which are similar to those experienced in a
MERS-CoV and SARS-CoV-1 infection [16]. Research has
shown as association between severe COVID-19 in pregnancy
with iatrogenic preterm delivery (75%), mainly in the third
trimester, and for maternal indication [86]. Pregnant women
are more vulnerable to respiratory pathogens and hence the
development of severe pneumonia [88]. This sequentially ren-
ders them more vulnerable to COVID-19 infection as com-
pared to the general population, specifically if they have
chronic diseases or any maternal complications such as pre-
eclampsia (PE). Pregnant women and their new-born babies
should therefore be regarded as crucial at-risk populations in
approaches focusing on the prevention and management of
COVID-19 infection. Majority of neonates delivered from
COVID-19 infected pregnant woman thus far, were asymp-
tomatic and were also discharged to return to their homes in
good health [89]. In contrast, a small number of neonates were
symptomatic, requiring admission to neonatal specialist care
[90]. It was very rare that neonates were positive for SARS-
CoV-2 succeeding delivery, although a few cases did arise
[91]. It was further observed that three asymptomatic infants
who had tested negative for SARS-CoV-2, displayed elevated
concentrations of serum IgM antibodies shortly after birth in
umbilical blood [92]. However, the significance of vertical
transmission remains unknown. The clinical characteristics
reported in COVID-19 positive pregnant women are analo-
gous to those reported for COVID-19 negative non-pregnant
woman in the general population, and are reminiscent of a
moderately optimistic clinical course and outcome for the
COVID-19 infection [93]. Evidence also proposes that a risk
of life-threatening infection occurs during the later stages of
pregnancy, with current reports of severity of clinical illness
ranging from asymptomatic infection/mild illness to extreme

infection and fatal disease [94]. Case studies on a small cohort
of COVID-19 infected pregnant women advocate that
COVID-19 infection may increase ones’ risk of preterm de-
livery with minimal foetal effects. It is also important to con-
sider that maternal stress is elevated during the pandemic, as
proposed by numerous media publications [95]. Furthermore,
isolation and an elevated stress or anxiety in pregnancy can
result in adverse pregnancy outcomes, including low birth
weight and preterm birth [96]. To help pregnant woman find
coping mechanisms, a social support during pregnancy is vital
and, in the interim, has been associated with less childhood
adiposity at 18 months of age, and further protects the mother
against postpartum depression [97]. With the amplified fear
and concern about contracting this virus in a hospital, numer-
ous women are now contemplating home delivery. However,
although home birth can be safe in suitably selected pregnant
woman with a trained, licenced birth assistant and close prox-
imity to a hospital, it also involves mindful deliberation and
discussion of risks, as some mothers are high-risk and would
profit from a hospital delivery [98]. The necessary support
from health care personnel may assist mothers to make an
informed decision. Current administrative approaches of
COVID-19 in pregnancy include advanced isolation stringen-
cies, vigorous infection control mechanisms, fluid overload
evasion, oxygen therapy, empiric antibiotics, SARS-CoV-2
and comorbidities testing, observation of uterine and foetal
contraction, initial mechanical ventilation for progressive re-
spiratory failure and individualized delivery planning [16].

Molecular Alterations from SARS-CoV-2 in Normal
Pregnancy

Pregnancy encompasses inimitable immunological and suit-
able environmental alterations to protect the foetus from ma-
ternal rejection, and to allow suitable foetal development and
safety against microorganisms [99]. Higher mortality rates
and complications have been identified in pregnant woman
with viral infections compared to the general population
[100]. Notably during the SARS-CoV-1 epidemic in 2003, a
prominent upsurge of mortalities and morbidities were identi-
fied in pregnant patients [101]. Although little is known about
placental findings associated with viral infections, such as
SARS-CoV-2, studies performed to date have identified foetal
vascular malperfusion (FVM) with multiple thromboses
[102]. Additionally, pathological features include placentas
with increased perivillous or sub-chorionic fibrin, large zones
of avascular villi, intravillous with an increase in local syncy-
tial nodules, multiple villous infarcts, and chorangioma [93].
Moreover, studies have noted an increased rate of decidual
arteriopathy including atherosis, fibrinoid necrosis, and mural
hypertrophy of membrane arterioles, which ultimately result
in maternal malperfusion (MVM) [103]. Off note, maternal
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hypertensive disorders, such as gestational hypertension and
PE, are the main risk factors associated with MVM [104].

Pre-Eclampsia
COVID-19 and Maternal Pre-Eclampsia

During PE, the homeostasis of circulating helper T cells is
shifted from the Th2 bias of normal pregnancy, towards Th1
and Th17, where Th17 promotes autoimmunity [105].
Agonistic autoantibodies produced against the angiotensin
receptor-1 are a frequent but non-specific attribute of PE,
which serve to intensify maternal vascular inflammation
[106]. This subsequently causes an acute atherosis, which af-
fects small uteroplacental spiral arteries and contributes to PE
development [107].

PE is the leading cause of maternal and foetal morbidity
and mortality, world-wide [23]. Currently the only cure for PE
is delivery of the placenta as its exact aetiology remains un-
known. Furthermore, overlapping and coexisting diseases
(HIV infection and PE) with COVID-19 infection are a diag-
nostic predicament in obstetrics. In such situations, clinicians
focus on the exclusive characteristics of these disease entities,
such as significant hypertension in PE and elevated tempera-
ture in COVID-19 infection, to diagnose concurrent patholo-
gies [108].

Shanes et al., (2020) identified that SAR-CoV-2 infect-
ed woman presented with elevated rates of maternal vas-
cular malperfusion features [103], linked to the hypoxic
injury of the placenta, and hence the development of PE.
Preceding reports revealed that maternal infections, spe-
cifically viral, contribute to the development of PE via a
deficient trophoblastic invasion and by subsequently in-
ducing a maternal systematic inflammatory response
[109]. Furthermore, ACE2 protein plays a vital role in
regulating blood pressure and protecting the heart via hy-
drolysis of Angiotensin II to Angiotensin, to act as a re-
ceptor for coronavirus [109]. ACE2 protein is also
expressed in surplus quantities in the syncytiotrophoblast,
cytotrophoblast, endothelium and vascular smooth muscle
of placental villi. It contributes primarily in regulating
blood pressure and also in foetal development [110].
Any potential COVID-19 intrauterine infection may mod-
ify ACE2 expression and result in the development of a
pre-eclamptic state through elevated Angiotensin II levels
in the placental villi [111]. This will subsequently result
in vasoconstriction and restricted foetal blood flow [111].

Furthermore, immune similarities occur between
COVID-19 infection and pre-eclamptic women. During
COVID-19, a cytokine profile resembling secondary
haemophagocytic lymphohistiocytosis may be character-
ized by an upsurge of pro-inflammatory cytokines (IL-2,
IL6, IL-7 and TNF-«x) [67]. Screening of all COVID-19
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severe patients are recommended to be performed using
laboratory markers of hyper-inflammation as increased se-
rum ferritin and low platelet count have been identified [67].
Research on maternal serum cytokines reveal a significant
rise in maternal IL-6, IL-10 and TNF-o in pre-eclamptic
pregnant women compared to normotensive pregnant wom-
en [112]. Additionally, a hyper-inflammatory state is
reflected in pre-eclamptic compared to normotensive preg-
nant women, as their maternal serum ferritin is much great-
er. Lastly, thrombocytopenia (<100,000/mL), a condition of
having low blood platelets, is an independent risk factor
used to assess the severity in PE [113]. In terms of assessing
the severity of COVID-19 patients, it is a defining criterion
for cytopenia in H-score [67].

Preeclampsia-like Syndrome and COVID-19

The occurrence of a PE-like syndrome has been identified in
six out of eight COVID-19 pregnant women who were admit-
ted to the ICU with severe pneumonia [114]. Routine labora-
tory tests (uterine artery pulsatility index on Doppler ultra-
sound, serum soluble fms-like tyrosine kinase-1 [sFLT-1]
and placental growth factor [PIGF]) measuring biophysical
and biochemical markers, that are usually altered in PE, were
within their normal levels [115]. The normal biomarker results
advocate that severe coronavirus disease can produce symp-
toms that mimic those of PE in the absence of defective pla-
centation. This is additionally validated by symptoms disap-
pearance without the placental delivery when an overall clin-
ical improvement transpires. It is plausible that such occur-
rences are due to cytokine storms, which as mentioned above,
results in ubiquitous inflammation and endothelial damage,
and is also the reason behind symptoms related to
coronavirus-related organ injury [116]. This reaction incorpo-
rates the activation of inflammation pathways that convert
arachidonic acid to prostaglandins, thromboxane and eicosa-
noids, to eventually aggravate the significant release of cyto-
kines [114]. The concentration of specific PE angiogenic and
anti-angiogenic markers (such as sFLT-1 and PIGF) appear to
be unaffected by the cytokine storms cascade of events.
Usually a normal sFLT-1: PIGF ratio in a woman with clini-
cally assumed PE may be presumably used to speculate the
short-term absence of disease [117].

COVID-19 and Placental Pathology

With the increase in COVID-19 infected cases, hospitals ex-
pect an influx of Covid-19 infected pregnant patients for la-
bour and delivery. As expected, there is very scanty informa-
tion on placental findings in COVID-19 infected pregnant
woman. Although the risk of vertical transmission is rare, it
has been documented [118]. However, the frequency and
mechanisms behind this occurrence, is unknown.
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Fig.5 Transmission electron microscopy of the trophoblastic layer in the
mesenchymal core of the terminal villus showing two virions, in the cell
processes of fibroblasts (50,000X) [Adapted from Algarroba et al., 2020]
[121]

Fortunately, information concerning the health of both mother
and foetus may be gleaned via histopathologic examination of
placental tissue [119]. Placental findings have previously been
associated with a variety of viral infections in pregnancy, in-
cluding lymphoplasmacytic villitis with associated enlarge-
ment of villi and intra-villous hemosiderin deposition as a
result of maternal cytomegalovirus infection [120]. Reports
of inter-villositis as a result of Zika virus and Dengue virus,
among others, have also been noted. Algarroba et al., (2020)
[121] used electron microscopy (EM) to visualize and recog-
nize coronavirus virions attacking syncytiotrophoblasts in the
placental villi (Fig. 5), this being the first visualization of the
SARS-CoV-2 virus in the human placenta. EM has identified
numerous invading virions (e.g. HIV) in the syncytiotro
phoblast of placental villi, as well as SARS-CoV-2 virions
in placental villi within fibroblasts [121]. Fibroblasts are cells
that may develop into myofibroblasts in response to injury or
inflammation, and in this instance, it reacts to the SARS-CoV-
2 virus [122]. Attention is now focussed on the ACE2 receptor
as it is expressed in the placenta. Notwithstanding the fact that
placental infection with SARS-CoV-2 has been demonstrated,
there is no evidence to show foetal infection. The vertical
transmission of SARS-CoV-2 is controversial [93], some have
reported no evidence on it. Dong et al., (2020) [91] reported
that although a neonate born to a COVID-19 infected mother
with infection of at least 20 days duration, the neonate pre-
sented with positive IgM and IgG antibodies, along with ele-
vated IL-6 and IL-10 cytokines two hours after birth.
Surprisingly, the maternal vaginal secretions tested negative
for COVID-19 [121]. Furthermore, the asymptomatic neonate
had numerous nasopharyngeal swabs for SARS-CoV-2 which

tested negative. As a result of the neonate mounting an innate
immune response, an in utero infection was suspected as [gM
antibodies do not cross the placenta [121].

HIV and COVID-19 Pandemic

In South Africa, more than half of all HIV infected individuals
are female in their reproductive age (1549 years old) [123].
Moreover, South Africa is the HIV epicentre in the world,
with the highest active HIV cases [124] HIV infected individ-
uals are more susceptible during the COVID-19 outbreak.
Recent evidence suggests that the function of antiretroviral
treatment (ART) could be the reason for the inconsistent in-
fection rate of COVID-19 in HIV infected patients [125].
Notably HIV infected individuals whose disease is not well
managed and who are not on ART have an amplified risk of
contracting COVID-19. This susceptibility is attributed to
their compromised immunity, which subsequently renders
them at a heightened risk for death. Although HIV infected
pregnant women are challenged by contracting COVID-19,
they also are affected by the COVID-19 pandemic in restric-
tion of movement, mental health and exposure to health care
workers during antenatal visits [126¢].

HIV and COVID-19 in Pregnancy

South Africa has the highest coronavirus prevalence in Africa,
with over 603,338 cases across all nine provinces [4]. To-date,
the South African Department of Health has reported 12,843
deaths of individuals infected with coronavirus [4]. Despite the
devastating COVID-19 pandemic, South Africa is also home to
the largest HIV epidemic in the world, with 7.7 million people
living with HIV and 3 million people living with HIV (PLWH)
yet not on treatment [127]. South Afiica’s reaction to the HIV
epidemic has functioned fairly well as 91% of PLHIV are aware
of their HIV status, 68% are on ART, and 83% are attaining viral
suppression [128]. HIV testing and the necessary treatment are
standard of care at both antenatal clinics and hospitals. Moreover,
South Africa has also seen a decrease in the vertical transmission
of HIV from 3.5% in 2010 to 0.9% in 2018 [127].

The 21 day coronavirus lockdown in South Africa has in-
creased PLWH based on probable connections between
COVID-19 exposure, HIV infection, and other risk factors
such as diabetes and hypertension in pregnancy (PE) [129].
Furthermore, potential disruptions with care and treatments,
and increased rates of socially-derived burdens in the form of
stigma, violence, discrimination, segregation, and hate en-
countered by PLWH, also contribute to this syndemic [130].
A syndemic is defined as two or more epidemics interacting
synergistically to produce an increased burden of disease in a
population [131]. In this scenario, SARS-CoV-2 is presumed
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to function in tandem with numerous health challenges faced
by PLWH, including HIV infection itself, chronic non-
communicable diseases, mental health burden, substance
abuse, and other infections, all of which are catalysed by bio-
logical, behavioural, psychosocial and structural drivers of
disease as posited by Halkitis et al., (2013) [132]. Although
there is an increase in the number of COVID-19 positive and
HIV positive pregnant woman entering antenatal clinics and
hospitals, there is a lack of information regarding the effect of
this syndemic on pregnant woman. Considering the elevated
number of HIV infection and preeclamptic pregnant women in
South Africa, and the fact that both disorders are related to
alterations in the immune system, primarily a reduced cell
mediated immunity and an inflated inflammatory response
respectively [133], it seems judicious to presume that these
conflicting immune responses maybe neutralized and have
minimal contribution to the SARS-CoV-2 infection.
However, there is a scarcity in information regarding this,
and thus further research needs to be conducted to develop
effective treatment methods that target both the viruses, with
minimal effect on the mother and her offspring.

Comparisons between HIV and SARS-CoV-2

HIV belongs to the genus Lentivirus, and functions by
destroying the immune system cells (macrophages and CD4+
cells), thus exposing one to opportunistic infections and render-
ing them more vulnerable [126¢]. The HIV-1 subtype is ac-
countable for most infections globally, and is transmitted
through exposure to infected bodily fluids (e.g. semen, blood,
breast milk, vaginal fluids) [134]. Common routes of transmis-
sion routes for HIV are through, intravenous drug use and oc-
cupational vulnerability, condom-less sexual intercourse, and
vertical transmission from an infected mother-to-child during
pregnancy, delivery, or breastfeeding [126¢]. Comparatively
yet dissimilar to HIV, SARS-CoV-2 is an acute respiratory
infection and has a quick incubation period. Although evidence
shows that the primary modes of transmission are through re-
spiratory droplets and contact, evidence confirms a possibility
for oral-faecal transmission [135]. Recent evidence suggests
that the virus is airborne [136]. Unlike HIV, where an undetect-
able viral load denotes an un-transmissible virus, the occurrence
of the viral RNA does not necessarily indicate a current infec-
tion for SARS-CoV-2 [137].

Despite differing modes of transmission, HIV and COVID-
19 transmission both present with a stigma of fear and anxiety.
Analogous to the initial years of the HIV epidemic, the fear
associated with COVID-19 infection resides in the absence of
a vaccine [138]. This anxiety creates implications for mental
health and endorses disease-related stigma [138]. Those HIV
infected individuals who do not have effective disease man-
agement, have an increased risk of contracting COVID-19 and
subsequently experiencing complications. During the
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COVID-19 pandemic, HIV treatment orders may be
interrupted and also, HIV infected individuals suffering from
any additional illnesses may experience delayed treatment as a
result of COVID-19 [139]. HIV infected individuals are thus
more prone to contracting an opportunistic infection (e.g.,
pneumonia, tuberculosis, etc.,), compared to those without
compromised immune systems [139].

Conclusion

There is currently a rapid increase in the number of COVID-19
cases, deaths, and countries affected. Multiple voids about this
virus and its effects currently exist, with limited data being
available on COVID-19 infected pregnant women. The rela-
tionship between COVID-19 superimposed on HIV infection
and preeclampsia is complex and uncertain. Similarities in the
homology of SARS-CoV-2 with SARS-CoV-1 and MERS-
CoV validates the homologous clinical characteristics among
pregnancies with COVID-19, SARS and MERS. COVID-19
infected pregnant women should be closely monitored, even
after their etiological tests turn negative, as they are still at a
great risk. Notably this research has provided some strategies
for the obstetric management of pregnant women with COVID-
19. Collectively, these findings advocate an urgent amplified
antenatal surveillance for pregnant women diagnosed with
SARS-CoV-2 and comorbidities (HIV and preeclampsia). An
aggressive mandatory intervention to effectively manage a se-
vere respiratory infection should be the basis of care for any
pregnant woman with COVID-19. Future surveillance systems
for COVID-19 cases need to include data on pregnancy status,
as well as maternal and fetal outcomes.
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