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Abstract

Liver injury is an increasingly recognized extra-pulmonary manifestation of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. Coronavirus disease
2019 (COVID-19) associated liver injury (COVALI) is a clinical syndrome encompassing
all patients with biochemical liver injury identified in the setting of SARS-CoV-2
infection. Despite profound clinical implications, its pathophysiology is poorly
understood. Unfortunately, most information on COVALI is derived from the general
population and may not be applicable to individuals under-represented in research,
including pregnant individuals. This manuscript reviews: Clinical features of COVALI,
leading theories of COVALIL and existing literature on COVALI during pregnancy, a
topic not widely explored in the literature. Ultimately, we synthesized data from the
general and perinatal populations that demonstrates COVALI to be a hepatocellular
transaminitis that is likely induced by systemic inflammation and that is strongly
associated with disease severity and poorer clinical outcome, and offered perspective on

approaching transaminitis in the potentially COVID-19 positive patient in the obstetric

setting.
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Core Tip: Liver injury is an increasingly recognized extra-pulmonary manifestation of
coronavirus disease 2019 {COVID-I% COVID-19 associated liver injury (COVALI) is a
clinical syndrome encompassing all patients with COVID-19 infection and biochemical
liver injury. Unfortunately, most information on COVALI is derived from the general
population and may not be applicable to individuals under-represented in research,
including pregnant individuals. In this review we summarize clinical features of
COVALI and the leading theories of pathophysiology and present existing literature on
COVALI during pregnancy, a topic not widely explored in the literature.

FTRODUCTION
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) disease pandemic
OVID-19) is responsible for and upwards of 6.3 million fatalities worldwidelll. The
SARS-CoV-2 virus is a member of the Coronaviridae family, a diverse family of single-
stranded positive RNA virusesl. Coronaviruses are frequently implicated in mild
upper respiratory infections and cause 15%-30% of cases of the “common cold”[>4l.
However, Coronaviridae viruses have also demonstrated an ability to infect the lower
respiratory tract and cause severe lung disease associated with substantial mortality[>°l.
Mortality associated with COVID-19 is usually secondary to lung pathology that
causes severe respiratory distress syndromel7-?l. However, patients infected with SARS-
CoV-2 often suffer other devastating end-organ injuries(!, suggesting the virus causes
systemic infection and inflammation. These observations have prompted interest in the
extra-pulmonary manifestations of COVID-19[1], including those in the heart(1213],
intestines!141%], kidney['®l, reproductive systeml!718], and the liver, where the effect of

SARS-CoV-2 is poorly understood 9201,
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COVID-19 associated liver injury (COVALI) is a clinical entity encompassing any
abnormal liver function test present in individuals positive for SARS-CoV-2[201.
Currently there are no specific or unique diagnostic criteria for COVALI relative to
other causes of transaminitis/?!l which complicates the process of synthesizing evidence
from clinical studies. This is most salient when applying available data to those
underrepresented in thnaiterature, such as pregnant and birthing persons.

In the first section of this review, we will summarize clinical features of COVALI and
the leading theories on the mechanism of liver damage in the general population. In the
second section, we present existing literature on liver injury in SARS-CoV-2 positive
pregnant persons, a topic not widely explored in the literature despite significant
clinical relevance. Ultimately, we aim to synthesize data on COVALI in the general and
perinatal populations and offer perspective on approaching this problem in the

obstetric setting,.

GENERAL POPULATION

Background

At the present time, COVALI is an umbrella term that applies to all patients with SARS-
CoV-2 infection and transaminitis. Meta-analyses estimate that one in four patients with
COVID-19 develop acute liver injuryl?224, but this figure is variable across studies and
ranges from 14%-74%[2>-27]. There seem to be no demographic factors to account for this
variability, which may ultimately be due to differences in the study timeline or
definition of liver injuryl?®l, Interestingly, only one of the three cited meta-analyses on
COVALI included a study involving pregnant patients (n = 9)I°L In the following
sections we will review clinical and pathophysiologic considerations for COVALI in the

general population.

Clinical Considerations
COVID-19 associated liver injury is a hepatocellular or mixed pattern liver injury with

aspartate aminotransferase (AST) predominant transaminitis2330-33], Most studies report
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mild liver injury with liver enzymes that peak at values less than five times the upper

limit of normal3438l. Conversely, some reports suggest up to 25% of patients’
aminotransaminases exceed this threshold(®4% and there is mounting evidence that
liver enzymes can increase to the thousands (U/L) in patients with severe COVID-
19126:38,41-45] The timeline of developing liver injury is not fully elucidated and has varied
between studiesl®2%1.

Non-transaminase laboratory evidence of liver damage has also been identified, but is
reported less consistently in the literature. Specifically, total bilirubin and alkaline
phosphatase have been reported to be elevated in 1%-53%[4-48land 0.3%-80.0%4849] of
patients, respectively. This variability may be due to study timeline relative to the
temporal course of laboratory changes in patients with COVALIL For example, it has
been shown that alkaline phosphatase elevations begin and peak later in the disease
course than aminotransaminases and may not be captured by studies that don’t follow
laboratory data for extended periods!50.511.

The interest in COVALI is rooted in its association with disease severity and negative
patient outcomes. ]H‘st, patients with elevated liver enzymes at presentation or at
hospital admission are more likely to develop severe COVID-19 Lung diseasel55254].
Additionally, a large study by Guan et all®! reported laboratory data from patients at
over 500 hospitals and fﬁ'ld patients with severe COVID-19 were more likely to have
transaminitis compared to patients with non-severe COVID-19. Going further, Bloom et
alBl studied trends in aminotransaminase levels from time of admission to peak in
patients hospitalized for COVID-19 and found that in addition to higher mean AST and
alanine aminolﬁmsferase (ALT), there was a greater change from baseline to peak
transaminases in patients with severe compared to non-severe COVID-19. A small
single center study found that elevated AST was observed more often in patients who
required intensive level care compared to those who did not require intensive carel>l.
Further, in a cohort of 1611 hospitalized patients across 11 Latin American countries,
abnormal liver enzymes conferred a 2.6-fold risk for severe COVID-19 pneumonia and a

1.5-fold risk of deathl37.
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Within the umbrella of COVALI, AST has been shown to have specific prognostic
valuel?37571. For example, the numeric value for serum AST has been incorporated in
clinical calculators created to predict progression from rgild or moderate to severe
COVID-19 diseasel™]. Moreover, elevated AST has been found to be independently
associated with increased risk of death, apart from other markers of hepatic
dysfunction!?3+50.55] In a study including 206 patients across 26 institutions in Brazil,
AST level greater than twice the upper limit of normal significantly increased the risk of
in-hospital mortality when adjusted for age and biologic sex/?’l. However, is important
to note that when elevated, bilirubin may be a stronger predictor of death than AST in
some cohorts4l.

Given the association with poor patient outcomes, identifying potential risk factors
for COVALI is imperative. We found one meta-analysis that sought to define predictors
for the development of COVALL In this study Harapan ef all®] pooled data from 16
studies (n = 6253) todssess whether any of the following were associated with

evelopment of severe liver injury in patients infected with SARS-CoV-2: Age, biologic
sex, body mass index (BML), diabetes mellitus, coronary artery disease, hypertension,
underling liver disease, white blood cell count, lymphocyte count, and neutrophil
count. They observed significant association between male sex, higher BMI, presence
underlying liver disease, elevated white blood cell, and elevated lymphocyte counts
with development of acute liver injury. After controlling for bias introduced by the
meta-analysis, they concluded male sex and lymphocyte count were found to be
independent risk factors for COVALI®L. Not evaluated in this meta-analysis,
inflammatory markers have also been shown to be a risk factor associated with liver
injuryl®-#4. For example, multiple studies have inflammatory markers directly correlate
with liver enzymesl® and that liver injury can be predicted using inflammatory
markers such as ferritin and C-reactive proteinl®"62],

Professional societies recommend clinically relevant work up for other causes of liver
injury in patients who develop COVALII216569 The American and Asian Pacific

Association(s) for the Study of Liver Diseases suggest ruling out other causes of viral
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and toxin-mediated hepatitis in all COVID-19 patients with liver injuryl®®1. More
nuanced suggestions include considering cytokine-syndrome, myositis, or cardiac
injury in patients with disproportionally elevated AST, and primary sclerosing
cholangitis in critically ill patients with cholestatic liver injuryl2165-67l. They advise
trending liver enzymes of patients hospitalized with COVID-19, those with known
chronic liver di'ﬁase diagnosed with COVID-19 and of those receiving anti-retroviral
medications for treatment of COVID-19 pneumoniall. Patients with chronic hepatitis B
may be at particularly high risk both due to risk of severe infection and viral
reactivation when receiving immunosuppressive therapyl®70l. However, they do not
recommend changing management and offer no specific intervention for liver injury in
most cases of COVALL They endorse targeting the viral illness in the acute setting is
sufficient for liver injury and encourage work up for chronic liver disease when illness

is resolved.

Pathophysiology

The underlying mechanism(s) éqﬁver injury in COVID-19 are not fully understood.
While there is increasing literature on this topic, the absence of explicit diagnostic
criteria has resulted in heterogeneity in clinical studies and has impeded recognition of
specific mechanisms of injury. There is consensus that COVALI is likely multifactorial
and due to a combination of exacerbation of underlying liver disease, direct
cytotoxicity, hypoxic liver injury, drug induced injury and systemic inflammation with
immune dysregulation(28.711.

Early theories focused on exacerbation of underlying liver disease and toxicity from
pharmacologic ﬁ,{ents used to treat severe COVID-19 infection as a sources of liver
injury. It is true that patients with cirrhosis are at risk for developing severe pneumonia
and hepatic decompensation during SARS-CoV-2 infectionlé7]. Likewise, some antiviral
medications used to treat COVID-19 have hepatotoxic properties and have been
associated ~ with  abnormal liver function during the pandemic (e.g.,

lopinavir/ritonavir)?7406172 In a combination of these, SARS-CoV2 infection treated
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with corticosteroids or tocilizumab has been showed facilitate reactivation and
accelerate liver injury in patients with chronic hepatitis Bl73l. However, these two factors
are unable to explain most of this phenomena as: (1) Over 90% of patients with COVALI
have no evidence of underlying liver disease; and (2) transaminitis is often present at
baseline prior to administration of medications!7l. While it is possible that liver injury
during SARS-CoV-2 infection may be exacerbated by these factors, COVALI is likely a
distinct clinical entity.

Diverse studies have demonstrated direct viral infection of the liver can occur during
COVID-19 infection. In a study including 156 autopsy samples, postmortem hepatic
tissue evaluation revealed typical coronavirus particles in hepatocyte cytoplasm with
associated mitochondrial swelling and endoplasmic reticulum dilatation in patients
who died with COVID-19[73l. Other reports have shown SARS-CoV-2 nuclear material
in liver tissue, including RNA in hepatocytes of live patients who underwent liver
biopsy during SARS-CoV-2 infection[7®l. Some of the most convincing data comes from
a recent paper by Wanner et all77l who demonstrated SARS-CoV-2 can be detected in up
to three-fourths of post-mortem liver biopsies using reverse transcriptase-polymerase
chain reaction. Ultimately, there is irrefutable histologic evidence that SARS-CoV-2
directly infects hepatocytes, providing strong evidence that SARS-CoV-2-mediated
cytopathy plays a role in COVALL It is thought that angiotensin converting enzyme 2
and/or its receptor (ACE-2) may mediate cytopathy by enabling viral access to the
liver(7778]. However, the understanding of SARS-CoV-2 hepatotropism of is still
evolving.

Epidemiology-based correlates suH)ort direct ACE-2 mediated entry into hepatocytes
based on data that shows groups at increased risk of COVALI also have increased
hepatic ACE-2 expression. For example, ACE-2 Levels are higher in males than
females/?l and ACE-2 is upregulated in decompensated cirrhosis/®l. Interestingly, it has
been shown that ACE-2 is dominantly expressed in cholangiocytes relative to
hepatocytes and that infection of cholangiocytes may occur more often than infection of

hepatocytes!®ll. While this may seem to contradict direct cytotoxicity, it is possible that
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cholangiocyte infection can still result in direct viral access to the liver. In-vitro infection

with SARS-CoV-2 has been associated with decreased expression of the
cholangiocellular tight junctions that usually protect parenchymal liver cells from toxins
in the biliary treel®2l. It has been further speculated that reduced barrier function of
cholangiocytes during active COVID-19 infection may lead to hepatic injury through
leakage of toxic bile into the adjacent liver parenchymal®2l. Lastly, it is known that ACE-
2 can mediate viral entry into endothelial cellsi%3l. Viral infection of the portal systems
and vascular cells in the liver may contribute to the endothelitis, microvascular changes,
and intravascular thrombosis visualized in post-mortem examination of hepatic tissue
in patients who died from COVID-1984].

Reduced blood oxygen, which can negatively affect the liver, occurs up to 50% of
patients with COVID-19 infection/®>l. However, only a small percentage of patients have
transaminitis to the degree expected in ischemic hepatitis(®-8l, While ischemia from low
blood oxygen seems to have a limited direct role in COVALI pathophysiology, the
relationship between hypoxia and inflammatory pathways is significant. Specifically,
hypoxia can trigger and amplify immune dysregulation via inflammatory pathways
mediated by hypoxia inducible factor and tumor necrosis factorl®l. This may explain
the link between severity of lung disease with liver injury and provide support for and
transition to the inflammatory hypotheses of COVALI®,

There is substantial data suggesting systemic inflammation and associated immune
dysregulation, endotheliopathy and thrombosis are central to the pathophysiology of
COVALIBSAY. It is well established that severe COVID-19 infection induces systemic
inﬂammatiownd that concentrations of several clinically evaluated inflammatory
markers are increased in patients with COVID-19, such as D-dimer, C-reactive protein,

ocalcitonin, ferritin, and interleukin-6 (IL-6)[%93], Inflammatory markers are also
higher in COVID-19 positive patients with biochemical liver derangements compared to
COVID-19 positive patients without such derangements across, suggesting a link
between liver injury and inflammationl6162%-%] For example, a large retrospective

analysis (n = 800) showed patients with COVID-19 complicated by COVALI had higher
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levels of C-reactive protein, procalcitonin, D-dimer, and serum ferritin compared to

patients without COVALIFL. In a unique study, Diaz-Louzao et all87l used joint
regression modeling to evaluate the temporal relationship between increases in markers
of liver injury and inflammation. They found that elevation of inflammatory markers
precedes elevation of liver enzymes. Ultimately they created a statistical model that
implicates inflammation in causation of liver injury. The specific inflammatory markers
increased during COVALI are known to be involved in in vivo endotheliopathy and
hypercoagulabilityl%%], as has been visualized in hepatic tissue of patients with liver
injury secondary to COVID-19. Further, histologic findings of macrovesicular steatosis,
mild acute hepatitis, portal inflammation and portal/sinusoidal thrombosis in hepatic
tissue of patients who have direct viral infection of the liver support that even with
direct cytopathy, inflammation may have a preceding rolel849-101],

Interleukin-6 is an inflammatory cytokine associated with endotheliopathy and a
hallmark indicator of severe COVID-19. It has been shown that IL-6 can activate
platelets and precipitate endothelitis in multiple organs during systemic COVID-19
infection, particularly those with a predilection for intravascular clot formation (e.g., the
liver)l®l. Due to its association with biochemical liver injuryl86102104 and known
functionl®-1021%] T -6 has received interest as a likely active contributor to development
of liver injury in COVID-191"%4], Recent work by McConnell et all'®l found a potential
mechanism for this in that activating a soluble form of the IL-6 receptor triggers
downstream pro-inflammatory and pro-coagulation pathways in the liver[103.105],
Further, that IL-6 signaling induces a hypercoagulable state in liver sinusoidal
cellsl®1%], which may contribute to the known endothelitis and thrombosis in hepatic
tissue of patients with COVALL Similarly, increased staining of a well-known platelet
marker (CD-61) has been identified within dilated sinusoids in COVID-19 patients with
elevated liver enzymes, suggesting activated platelets and endotheliopathy are critical
in liver injury during COVID-19I%6]. These findings are consistent with studies showing
portal or sinusoidal vascular thrombosis is present in hepatic tissue of up to 50% of

patients with COVID-198, In context of literature on inflammatory markers in
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COVALI, II-6 shows true mechanistic potential and bolsters the theory that

inflammation, endotheliopathy and thrombosis are at the crux of this clinical syndrome.

OBSTETRIC POPULATION

Background

Liver injury is a rare and potentially serious complication of pregnancy that is estimated
to affect 3%-5% of birthing personsl!®l. The differential diagnosis for hepatic
dysfunction in this population includes specific pregnancy related (perinatal) liver
diseases(!%7l, such as pre-eclampsia/eclampsia, hemolysis elevated liver enzymes and
low platelet (HELLP) syndrome, acute fatty liver of pregnancy and intrahepatic
cholestasis of pregnancy (obstetric cholestasis), and non-pregnancy related liver
diseases, such as auto-immune hepatitis, viral hepatitis, non-alcoholic steatohepatitis,
and now COVALINSI0L Perinatal liver diseases are associated with significant
mortality and often require prompt delivery of the fetus for safety of the mother
(summarized in Table 1). Because liver injury can strongly influence decisions

regarding deliveryl108], COVALI during pregnancy is of serious clinical significance.

Clinical considerations

General clinical course: Clinical characteristics of COVID-19 during pregnancy given
current knowledge are well represented in the literature, but there is limited data
specific to the course of liver injury. In the obstetric setting, COVALI is an AST-
predominant transaminitis that affects 13%-42% of Cé)VID-lQ positive pregnant
patients(109111-113] While these statistics are comparable to the general population, a
meta-analysis that included pregnant patients reported key differences. They found (1)
higher prevalence of COVALI in pregnant patients compared to non-pregnant patients;
and (2) more severely elevated liver enzymes in pregnant patients with COVALI
compared to non-pregnant patients with COVALI!4]. This was confirmed in a study
that directly compared laboratory values of COVID-19 positive pregnant patients with

non-pregnant counterparts and found COVALI was more common in pregnancy(!!1l.
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The authors of this study cautioned that many of their observations were likely related
to physiological changes of pregnancy, but they concluded the rate of COVID-19
positive pregnant individuals with acute liver injury was out of proportion to expected
physiologic changes. This may indicate that COVID-19 confers an increased risk of liver

injury specific to pregnancy.

Clinical Cases: Obstetric providers are tasked with differentiating liver disease that
necessitates urgent delivery for the health and safety of the pregnant person vs that
which can be managed expectantly and will be stable or resolve without delivery.
Multiple reports illustrate this dilemma through cases of pregnant patients with acute
liver injury who are COVID-19 positive and have concurrent features of high-risk
perinatal liver diseasesl''>121l, We identified seven cases and classified them according
to the pattern in which liver enzymes improved throughout the clinical course: A,
improved without delivery; B, improved with delivery; C, other (no improvement
within 72 h of delivery, no timeline of COVID-19 symptoms) (Table 2). We will discuss
cases that improved without delivery and highlight features that favored COVALI
relative to perinatal liver diseases.

In a case described by Azimi et all''®], a 27-year-old Gravida (G) 2 Para (P) 1 woman
presented at 30-wk’ gestation with a headache and was found to have abnormal liver
enzymes, low platelets, increased inflammatory markers (LDH, ferritin D-dimer), and
chest radiograph showing diffuse ground glass opacities, concerning for autoimmune
disease vs HELLP vs systemic COVID-19. Pending extensive laboratory evaluation that
was negative for autoantibodies and signs of hemolysis, the patient was noted to be
improving with only supportive care. She was discharged at 33-wk’ gestation and
underwent normal delivery at 39-wk’ gestation. The next case was that of a 35-year-old
G2 P1 with prior obstetric cholestasis presenting at 28-wk’ gestation with progressive
fever and cough who was found to have high ALT and elevated serum bile acids(!15].
The patient denied pruritis and had normal labs at her 20-wk appointment which

reduced the likelihood of obstetric cholestasis; she subsequently tested positive for
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COVID-19 which was then thought to be the source of her liver injury. The final case is
that of a 39-year-old G5P1 presenting at 26 wk’ gestation with progressive dry cough
and dyspnea. She was found to have new hypertension (BP 152/132), severe
transaminitis (AST 1154 U/L, ALT 864 U/L), and PCR proven COVID-19 infection,
concerning for pre-eclampsia with severe features vs systemic COVID-19[117l. Based on
high suspicion for pre-eclampsia, the patient received betamethasone and
dexamethasone to assist fetal lung maturation. Surprisingly, the patient’s blood
pressure was noted to be improving, inconsistent with pre-eclampsia which requires
delivery to return to normotension. To further evaluate this, serum maternal placental
growth factor was tested and normal. Normal maternal placental growth factor
effectively ruled out pre-eclampsia and favored a diagnosis of COVID-19 with
COVALIL This patient went on to deliver a healthy full-term fetus. In each case
hypertension and liver injury improved with conservative management for COVID-19
and did not require delivery as is the case with perinatal liver diseases.

Cases in the latter two sections demonstrate complicated cases that are difficult to
parse out based on clinical course. For example, in the case by Arslan et all'V?], the
patient’s proteinuria was concerning for pre-eclampsia and liver enzymes trended
down as expected after cesarean delivery, though both maternal and neonatal outcomes
were poor which complicates interpretation of the case. Similarly, in the case by
Choudhary et alll12], hypoglycemia and elevated bilirubin were highly suspicious for
AFLP, but liver enzymes remained elevated for multiple days after delivery.

Outcomes: COVID-19 associated liver injury correlates with worse clinical outcomes
and increased mortality in the obstetric setting. A retrospective cohort study of 122
COVID-19 positive pregnant patients in Istanbul found acute liver injury conferred a
3.5-fold risk of becoming critically ill during hospitalization('3l. Maternal mortality is
reportedly more common in pregnant patients who delivered while COVID-19 positive

with acute liver injury than COVID-19 positive without liver injury{!12l.
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The largest published study evaluating COVALI in pregnancy is a 249-patient
prospective cohort study performed at large tertiary care hospital in eastern Indial!12l.
Unlike in previous studies, patients with hypertensive disorders, diabetic disorders, or
concern for intrahepatic cholestasis were not excluded. Overall, 107 (42.1%) had
evidence of hepatic dysfunction, but liver injury was more common in patients with
perinatal hypertensive, diabetic, or cholestatic disorders (47/87, 54%) compared to
those without (60/162, 37%). Although no statistical metric of significance was
provided by the study, it appears that COVID-19 may increase risk of orﬂacerbate
underlying obstetric conditions associated with liver injury. The primary aim of the
study was to evaluate the relationship between liver injury in COVID-19 and obstetric
outcomes. While no associations between liver injury and mode of delivery or neonatal
outcomes were identified, those with liver injury tended to deliver pre-term and/or
require cesarean delivery more often, Eth of which increase morbidity. Their key
finding was that obstetric complications were significantly higher in COVID-19 positive
pregnant patients with liver injury, despite no differences in maternal or gestational age
[112] Specifically, pregnant persons with COVALI were less likely to have a normal
vaginal delivery than those without liver injury (18.7% vs 30.3%). Further, postpartum
hemorrhage, sepsis, and death were more common in those who delivered while

COVID-19 positive with acute liver injury(112],

Pathophysiology

The pathophysiology COVID-19 is not well studied outside the general population and
thus the pathophysiology of COVALI in pregnancy is not well understood. Studies
comparing COVID-19 positive pregnant individuals with acute liver injury and COVID-
19 positive pregnant individuals with normal liver enzymes are crucial to build
understanding of disease mechanisms in this cohort. However, there are only a handful
of published studies on this to datel!12113122l_ We first use these studies to establish that
relationships relevant to pathophysiology in the general population also exist in the

obstetric population.

13/ 24




Specifically: (1) What is the ﬁlationship between severe COVID-19 disease and
COVALI in pregnant patients? Patients with severe COVID-19 are more ljkely to
develop COVALIL A prospective cohort study found that 87.5% of pregnant patients
with severe COVID-19 pneumonia during hospitalization developed abnormal liver
enzymes after having normal liver enzymes at baselinel'23l. A later study demonstrated
pregnant patients with liver injury had more severe disease and two thirds of this
cohort ultimately died due to COVID-19 Lung diseasel!12]; (2) what is the relationship
between COVALI and markers of inflammation in pregnant patients? COVALI during
pregnancy has been associated with elevated markers of inflammation. COVID-19
positive pregnant patients with liver injury have higher serum ferritin than expected in
normal pregnancy, where a state of physiologic anemia is to be e ted (113,
Furthermore, a study by Deng et alll22l evaluating liver chemistries in 37 COVID-19
positive pregnant patients found those with liver injury had higher inflammatory
markers, such as procalcitonin and IL-6; and (3) what is the relationship between
COVALI and systemic inflammatory manifestations of COVID-19? Research by
Choudhary et all''2l showed that obstetric complications were found to be more
common in patients with COVALL Most of these complications were related to
inflammation, endotheliopathy, and coagulopathy. For example, they found pregnant
persons with liver injury had higher prothrombin time and were more likely to
experience postpartum hemorrhage requiring blood transfusion. Further, systemic
inflammation was more common in those who delivered while COVID-19 positive with
acute liver injury, as evidence by increased risk of sepsis with multi-organ failurel12l.

Overall, these studies suggest the relationships between liver injury and disease
severity, patient outcomes, and inflammation identified in the general population
persist in the obstetric population. While pathophysiology is likely stable across
cohorts, considering the increased risk of COVALI during pregnancy could help further
elucidate pathophysiology.

One potential link to the increased risk is the upregulation of ACE-2 to increased

plasma levels above non-pregnant individuals, secondary to increase in estrogen

14/ 24




production/124125, During pregnancy ACE-2 is highly expressed in the placenta and
helps regulate blood pressure via systemic vascular resistance. This suggests there is
increased ﬁctivity of ACE-2 in the endothelium of pregnant patientsl'?l leading to the
placenta as a potential target for COVID-19 infection. The interruption of the
physiologic function of ACE-2 in pregnancy has been postulated to be a _major
contributing factor to the development of complications!'?”l, Lower levels of ACE-2 have
been detected in the placentas from COVID-19 positive patients, suggesting that
COVID-19 infection may alter ACE-2 expression and its biologic function in both the
placenta and more widely in maternal circulation[!23], potentially causing endothelial
dysregulation as seen in COVALL

Based on clinical manifestations, it is also reasonable to consider that
pathophysiology of COVALI resembles or amplifies that of obstetric hepatobiliary
pathology. This is exhibited in the case reports narrating the difficulty of differentiating
COVALI from obstetric disorders that cause transaminitis in the clinical setting. Overall,
the greatest overlap occurs between severe pre-eclampsia and the extra-pulmona
manifestations of COVID-19, and pre-eclampsia has been diagnosed more often in
pregnant persons with COVID-19 compared to pregnant persons without COVID-
1901281291 A potential link to the increased risk is alpha-1-antitrypsin, an enzyme that can
inhibit SARS-CoV-2 infection and protects endothelial cells from oxidative stress during
pregnancy, which is reduced in seen in éregnant patients with pre-eclampsiall30.131],

Work by Mendoza et all'?] sought to determine the prevalence of “pre-eclampsia
findings” in 42 COVID-19 positive pregnant women. Eight women had severe
pneumonia secondary to COVID-19 of which seven (87.5%) had elevated liver enzymes
consistent with COVALI and five (62.5%) had hypertension meeting criteria for pre-
eclampsia. However, sonographic evidence of placental hypoperfusion was only found
in one patient who ultimately required delivery to prompt resolution of hypertension
and liver injury. The remaining patients did not require delivery and instead, liver
injury and hypertension improved _in parallel with symptoms of pneumonia due to

COVID-19. They measured ratio of soluble fms-like tyrosine kinase-1 (sFlt-1) ad serum
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placental growth factor (PIGF), which has been shown to be predictive of pre-
eclampsial32, and found sFIt-1/PIGF normal ratio in patients who did not require
delivery compared to an elevated sFlt-1/PIGF ratio in the patient with evidence of
placental hypoperfusion who required delivery. These findings suggest severe COVID-
19 complicated by COVALI can mimic hypertensive disease of pregnancy and may
represent shared disease mechanisms (Figure 1).

Literature that was published during the writing of this review directly compared the
pathophysiology of pre-eclampsia and COVID-19. In this study, Palomo et all'®]
compared endothelial inflammation and angiogenesis in pregnant patients with pre-
eclampsia vs COVID-19 pneumonia vs normotensive controls. They measured
circulating inflammatory markers in patient blood and found different biomarker
profiles of coagulopathy, endothelial inflammation, and angiogenesis. Both COVID-19
and pre-eclampsia had increased vascular cell adhesion molecules expression relative to
controls and increased markers of innate immunity. Fortunately, there were multiple
factors helpful in differentiatingﬁre-eclampsia and COVID-19: (1) COVID-19 had
higher von Willebrand factor and sgluble tumor necrosis factor-receptor but lower PIGF;
and (2) Pre-eclampsia had higher soluble tumor necrosis factor-receptor and sFlt-1but
lower von Willebrand factor. They observed altered sFlt-1 to PIGF ratio was predictive
of pre-eclampsia, consistent with findings of Mendoza et al'?] In the latter part of their
study they observed how sera from each patient cohort induced change when applied
to human dermal microvascular cells. Despite different angiogenic and endothelial
profiles, sera from both cohorts activated a common downstream pathway associated
with endothelial inflammation, potentially indicating a shared end-pathway. While
liver injury was not specifically evaluated in this study, these findings can be
interpreted as evidence supporting endothelial dysfunction and inflammation as
drivers of systemic manifestations of COVID-19 that are also present in pre-eclampsia,
such as liver injury. Shared histologic findings in COVALI and pre-eclampsia including
microvascular changes and signs of platelet activation, further support this

theory(107,134],
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CONCLUSION

In this paper we reviewed COVID-19 associated liver injury with a special focus on

pregnancy. We demonstraﬁd COVALI to be an inflammatory mediated AST-
predominant transaminitis associated with COVID-19 disease severity and poorer
patient outcomes. Emerging research in the general and obstetric populations supports
inflammation and endothelial dysfunction as central to pathophysiology in systemic
COVID-19 and COVALL Figure 1 summarizes proposed mechanisms of COVALI and
illustrates how some physiologic changes in pregnancy can pre-dispose or exacerbate
processes of liver injury during COVID-19. There is significant opportunity to improve
understanding of COVALI during pregnancy. At present COVALI appears to be
independently associated with worse post-partum outcomes, though this has not been
fully parsed on in the literature. Further research should be done to elucidate the
relationship between post-partum outcomes and COVALIL relevant to short and long-
term outcomes. There is also data supporting the use of specific of circulating
biomarkers to differentiate systemic COVID-19 from other causes of transaminitis in
pregnancy, but further research is required to define criteria that can guide

management.

Egure 1 Mechanisms of COVID-19-associated liver injury: Inter-organ crosstalk.
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) enters host cells via
interaction of its spike protein with the receptor angiotensin converting enzyme 2 in the
presence of TMPRSS2 in many tissues. Proposed mechanisms_for SARS-CoV-2-
mediaded liver injury include: (1) Direct viral cytopathic effect; (2) IL-6 trans-signaling
in liver sinusoidal endothelial cells which leads to endotheliopathy; (3) cytokine storm-
induced damage; and (4) hypoxemic injury. There is also a lung-gut crosstalk which
promotes an increased inflammatory state as well as dysbiosis which increases

intestinal permeability, thus facilitating viral entry. Furthermore, direct viral injury to
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the vascular endothelium leads to increased cytokine release, enhanced reactive oxygen
species production and thrombo-embolic events involving both micro and macro
circulation. In a similar fashion, pre-eclampsia spectrum syndromes cause iréammation
and endotheliopathy that pre-disposes to liver injury and can be synergistic coronavirus
disease 2019 (COVID-19) and COVID-19 associated liver injury. Original figure was

created with BioRender.com.
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