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A B S T R A C T

The 2019 novel coronavirus disease (COVID-19) pandemic poses unique challenges to the

medical community as the optimal treatment has not been determined and is often at the

discretion of institutional guidelines. Pregnancy has previously been described as a high-

risk state in the context of infectious diseases, given a particular susceptibility to pathogens

and adverse outcomes. Although ongoing studies have provided insight on the course of

this disease in the adult population, the implications of COVID-19 on pregnancy remains

an understudied area. The objective of this study is to review the literature and describe

clinical presentations among pregnant women afflicted with COVID-19.

� 2020 Elsevier Inc. All rights reserved.
A R T I C L E I N F O
their associated complications.7 Drawing from the experience
Introduction

The 2019 novel coronavirus disease (COVID-19) was first

reported in the Hubei Province of Wuhan, China in December

2019.1 Epidemiologic studies in early cases confirmed that the

causative virus, severe acute respiratory syndrome coronavi-

rus 2 (SARS-CoV-2), is highly contagious and transmissible

between humans.2 Over the ensuing months, rapid increases

in case numbers were observed worldwide, prompting the

World Health Organization (WHO) to declare a pandemic on

March 11, 2020.3,4 With over 4 million cases confirmed and

nearly 280,000 deaths globally, the COVID-19 pandemic con-

tinues to pose unique challenges to the medical community.5

Importantly, because COVID-19 is an emerging infectious dis-

ease, the optimal treatment has not been determined and

management is often based on individual institutional

guidelines.6

Pregnancy is generally regarded as a high-risk state in the

context of infectious conditions, as the immunologic changes

of pregnancy may increase susceptibility to pathogens and
du (S. Syeda).

ved.
of prior disease entities involving respiratory illnesses, there

was an anticipation that pregnant womenmay not only expe-

rienced higher rates of complications but also could be at

increased risk of mortality.7�9 Although similar outcomes

have not been confirmed in COVID-19, these historical les-

sons call for an immediate understanding of this disease in

pregnancy, including clinical presentations, maternal and

neonatal outcomes, and possible therapeutic interventions.

Herein, we aim to review the published literature with a spe-

cific focus on clinical presentations among pregnant women

afflicted with COVID-19.
Screening and testing for COVID-19

Disease surveillance, inclusive of both screening and diag-

nostic testing of various pathologic entities, is a fundamental

public health tool required to mitigate disease dissemina-

tion.10 While screening tools may help identify those at risk

for a certain disease, diagnostic testing is often required for
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confirmation. Multiple strategies have been proposed for the

screening and testing of COVID-19, as the understanding of

the at-risk population evolved from recent travelers to

asymptomatic community spread. As a result, the American

College of Obstetricians and Gynecologists (ACOG) and Cen-

ters for Disease Control and Prevention (CDC) have developed

guidelines to assist in triaging patients with suspected

COVID-19. These statements encourage clinicians to priori-

tize testing in high risk populations while considering epide-

miologic factors that may increase a patient’s a priori risk for

the disease.11 Furthermore, ACOG recognizes the potential

for asymptomatic patients presenting to labor and delivery

units and implores clinicians to consider additional strategies

as appropriate.12

Consistent with the guidance put forth by the CDC and

ACOG, certain institutions based in geographic regions with

higher COVID-19 disease prevalence have opted for universal

testing of patients admitted to labor and delivery by via

SARS-CoV-2 nasopharyngeal PCR.13 At many New York City

institutions, which are considered to be within an epicenter

of the COVID-19 pandemic due to high case burden, imple-

mentation of universal testing via SARS-CoV-2 nasopharyn-

geal PCR has helped to provide a fuller understanding of the

variable COVID-19 patient presentations that are possible

among pregnant women.14,15
Clinical presentations and considerations

The various clinical characteristics of the COVID-19 infection

have been documented in the literature as information con-

tinues to emerge. In large retrospective studies, common

symptoms include the presence of fever, cough, myalgias,

fatigue, and dyspnea.16,17 Less frequently, gastrointestinal

symptoms such as nausea/vomiting and diarrhea may be

exhibited. Neurological manifestations including anosmia,

hypogeusia, and impaired consciousness have also been

described. While this COVID-19 symptomatology may be sim-

ilar in pregnant women, less is known about their clinical

presentations, particularly as dyspnea, fatigue, nausea and

vomiting are common pregnancy complaints. Therefore, we

will review what is known for COVID-19 in the context of

maternal adaptations to pregnancy and the physiologic

changes that occur, in order to describe both the pulmonary

and extrapulmonary manifestations of this disease entity.

Classifying severity of disease

Included in the initial assessment and management of preg-

nant women with suspected or confirmed COVID-19 is the

determination of illness severity.12 In the largest cohort of

over 44,000 confirmed adult cases of COVID-19 from China,

illness severity included mild, severe, and critical dis-

ease.18�20 Mild disease, characterized by mild symptoms and

stable vital signs, comprised 81% of the cohort. Severe dis-

ease, characterized by significant dyspnea, hypoxia, greater

than 50% lung involvement on imaging, comprised 14% of the

cohort. Lastly, critical disease, characterized by respiratory

failure, shock, or multiorgan system dysfunction, comprised

5% of the cohort. In a series of 43 confirmed COVID-positive
patients diagnosed over a two-week period in a New York

City hospital, pregnant patients experienced similar rates of

clinical severity categorization as non-pregnant adults.14

The Society for Maternal and Fetal Medicine (SMFM) has

additionally put forth a similar severity scale for the assess-

ment of pregnant patients with COVID-19 including 5 catego-

ries, asymptomatic, mild, moderate, severe, and critical

disease.21 Based on these classifications, patients can meet

criteria for outpatient or inpatient observation with specific

recommendations on their respective management goals.

Interestingly, in the summary of 44,000 confirmed COVID-19

cases from China including non-pregnant and pregnant

adults, only 889 (1%) patients were categorized as asymptom-

atic. This study recognizes the insufficient testing capacity

that may limit detection of asymptomatic carriers of COVID-

19. However, pregnancy may offer a unique opportunity to

estimate the true prevalence of asymptomatic carriers in the

population, given that certain institutions have opted for uni-

versal screening of all patients admitted to Labor and Deliv-

ery. In a recent study of 215 pregnant women admitted to a

New York hospital between March and April 2020, 211

patients were asymptomatic. Of these 211 patients, 29 (13.7%)

were positive for SARS-CoV-2, which may demonstrate that

the true prevalence of disease is underreported in the general

population, and underscores the true risk of infection in

obstetric patients.22
Pulmonary manifestations

Among pregnant patients with significant symptoms, ACOG

recommends prompt clinical evaluation for respiratory com-

promise with physical examination, blood gas analysis, pulse

oximetry, and radiologic assessment as indicated. However,

each of these objective measures may have varying results in

the pregnant versus non-pregnant state. Understanding

these differences is essential in order to identify patients at

risk for worsening disease.
Blood gas analyses and pulse oximetry

Perhaps the most striking change in respiratory physiology

during pregnancy is an increase in resting minute ventilation,

which is driven primarily by an increase in tidal volume while

maternal respiratory rate remains nearly unchanged.23 In

comparison to non-pregnant adults, this relative hyperventi-

lation causes arterial pCO2 to decline with a compensatory

decrease in serum bicarbonate. There is additionally a rise in

arterial pO2. This compensated respiratory alkalosis defines

the normal acid-base status of pregnancy and is integral in

the evaluation of critical patients.

In pregnant patients with COVID-19 infections, defining

indications for oxygen supplementation requires attention to

both maternal and fetal status. In addition to standard crite-

ria for oxygen supplementation, the WHO recommends a

higher oxygenation goal in pregnancy, for fetal benefit. In a

stable patient undergoing resuscitation, target SpO2 goal is

>90% in a non-pregnant adult, while this goal increases to

�92�95% in pregnant women.24 Furthermore, while permis-

sive hypercapnia in acute respiratory failure may allow for

protective ventilation, maternal hypercapnia may cause fetal
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respiratory acidosis and is thus may not be a desirable option

in the management of pregnant women.25

While identification of patients requiring supplemental

oxygenation is easily achievable in the inpatient setting, a

recent report of patients with ‘silent hypoxia’ has been

described, wherein patients without respiratory distress have

low SpO2 levels. Though clinically well appearing, these

patients have the propensity to deteriorate quickly.26,27 Given

that these patients are frequently deemed appropriate for

outpatient management, SMFM urges obstetrics clinicians to

continue close monitoring of COVID-19 patients in the outpa-

tient setting. For patients with remote monitoring available,

such as pulse oximetry, an SpO2 less than 95% should prompt

evaluation by a clinician.21

Radiologic findings

Chest imaging findings in the context of COVID-19 are vari-

able. In the non-pregnant adult population, chest CT images

typically demonstrate multifocal bilateral peripheral ground

glass opacities, which is a non-specific marker of COVID-19.

In a retrospective study of 59 patients with laboratory-con-

firmed or clinically-diagnosed COVID, pregnant women were

more likely to have mixed or complete consolidations on

chest imaging.28 Given these variable and non-specific find-

ings, the CDC and American College of Radiology (ACR) do not

recommend chest imaging for the diagnosis of COVID-19.

Instead, CT chest or chest x-ray may be used as an adjunct in

the diagnosis and treatment of other clinical entities, such as

bacterial pneumonia or pulmonary embolism.11,29

Hematologic and immunologic manifestations

Many studies have cited the role of laboratory investigations

in the identification of patients at risk for severe or critical

disease.17,30,31 Importantly, the pathophysiology of COVID-19

infection appears to involve a pro-inflammatory and pro-

thrombotic state.32 Interpretation of common markers of

inflammation and thrombosis, however, may be limited in

pregnancy given a known baseline elevation in serum reac-

tants during this time. An understanding of the normal

hematologic and immunologic parameters in pregnancy is

necessary in the interpretation of COVID-19 severity.

Immunologic response

A commonly cited laboratory finding among patients with

COVID-19 is a normal white blood cell count accompanied by

a depressed total lymphocyte count, or lymphopenia. Preg-

nancy, on the other hand, is characterized by a physiologic

mild leukocytosis with neutrophilia.33 In a retrospective

review of 55 pregnant women, a lower lymphocyte count was

noted in patients with confirmed COVID-19 in comparison to

controls, which may indicate that lymphopenia is a reliable

marker for disease progression in this population.34

In addition to lymphopenia, elevations in several acute

phase reactants have been cited in the literature as potential

markers of COVID-19 infection, including C-reactive protein

(CRP), erythrocyte sedimentation rate (ESR), lactate dehydro-

genase (LDH), and ferritin.11 Though large studies reviewing

these analytes in COVID-19 positive pregnant patients have

not been published, it is important to recognize the dynamic
changes in each of these markers in the normal progression

of pregnancy.35 Given the known elevation of these markers

during pregnancy, the absolute value of each of these indices

may be non-specific. However, further studies determining

their clinical utility when trended over time may provide

insight as to potential roles as markers for severe COVID-19

infection.

Coagulation pathways

The complex interplay between the immune response to

infection and the activation of coagulation pathways results

in a procoagulant state in patients afflicted by COVID-19.32

Patients are at risk for both arterial and venous thrombi, lead-

ing the WHO to release interim guidance for the use of pro-

phylactic heparin among these patients.11,36 Pregnancy also

poses an increased risk of hypercoagulability.37 As a result,

use of venous thromboembolism prophylaxis among preg-

nant and postpartum patients with COVID-19 is also

recommended.21

Cardiovascular manifestations

Increased maternal and fetal metabolic demands throughout

pregnancy give rise to hemodynamic changes during this

time.38 Knowledge of these physiologic responses, including

an increased cardiac output, expanded plasma volume, and

reduced vascular resistance, are required to interpret cardio-

vascular tests in pregnancy and guide treatment.39

With regards to COVID-19 in the general adult population,

the cardiovascular complications include direct myocardial

injury/myocarditis, cardiomyopathy, myocardial infarction,

and arrhythmia.40 Select case reports have documented car-

diovascular findings in the obstetric population, including

COVID-19 related cardiomyopathy.41 Additionally, several

studies in the non-pregnant population have shown that pre-

existing cardiovascular disease or development of cardiac

injury may predispose patients to significantly worse out-

come.40,42 Although no specific studies have assessed this

association in pregnancy, pregnant women with underlying

cardiovascular or metabolic disease may be at elevated risk

for complications related to COVID-19 and should therefore

be monitored closely for development of severe or critical dis-

ease.

Hepatic manifestations

Liver injury may be present among COVID-19 patients at

nearly all spectrums of the disease.43 Recent studies in non-

obstetric populations have documented the incidence of

hepatic involvement ranges from 14.8% to 53%, as demon-

strated by elevated aspartate aminotransferase (AST) and ala-

nine aminotransferase (ALT) levels.44 In a study assessing

non-ICU hospitalized adults, nearly one-third of patients had

serologic evidence of liver injury.43 Although the specific

cause for these abnormalities is unclear, elevations in serum

biochemistries may ultimately reflect direct virus-induced

cytotoxic effect or immune-mediated inflammation.45

Regardless of etiology, liver injury in mild COVID-19 cases is

usually transient and does not require specific treatment.46

However, the American Association for the Study of Liver
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Diseases (AASLD) advises clinicians to consider all potential

etiologies for hepatic injury, and pursue further work-up

should liver biochemistries worsen.47

In the obstetric population, SMFM encourages obstetricians

to consider laboratory findings among COVID-19 patients

that may overlap with other obstetric conditions, such as

HELLP syndrome and preeclampsia with severe features.48

While the diagnostic criteria for these illnesses remains

unchanged, it is reasonable to consider testing for SARS-CoV-

2 if a patient presents with transaminitis and has additional

risk factors for COVID-19. Moreover, a diagnosis of COVID-19

should not exclude the possibility of co-existing obstetric dis-

ease which should therefore always be considered. Manage-

ment should continue to be dictated by established

guidelines for both obstetric and non-obstetric etiologies of

hepatic injury.

Neurologic manifestations

The neurologic manifestations of COVID-19 have been

described in three different categories: central nervous sys-

tem manifestations, peripheral nervous system manifesta-

tions, and skeletal muscular injury manifestations.49 Central

nervous manifestations include dizziness, headache,

impaired consciousness, acute cerebrovascular disease,

ataxia, and seizures. Peripheral nervous system manifesta-

tions include taste impairment, smell impairment, vision

impairment, and nerve pain. Lastly, skeletal muscular injury

manifestations include skeletal muscle pain with an accom-

panying elevation in serum creatinine kinase level. In a study

of 214 non-obstetric patients with confirmed COVID-19 infec-

tion in China, 78 (36.4%) had neurologic manifestations.

With a large percentage of patients in the non-pregnant

population presenting with these neurologic symptoms, it is

not unreasonable to expect the obstetric population to experi-

ence similar manifestations. However, while some neurologic

symptoms may be fairly specific to COVID-19, such as taste

and smell impairments, other symptomatology may again

overlap with obstetric conditions. Headache, acute cerebro-

vascular disease, and seizures, for example, may prompt an

investigation for preeclampsia in the obstetric population.

Renal manifestations

Akin to the hepatic manifestations of this disease, the exact

etiology of acute kidney injury (AKI) among patients with

COVID-19 is unclear. While some studies have purported AKI

is secondary to multi-organ failure and shock, others have

suggested the possibility of direct virus-induced cytotoxic

effect.50,51

With the normal progression of pregnancy, both plasma

and interstitial oncotic pressure fall, with the latter decreas-

ing to a greater extent. Therefore, special precaution should

be taken with fluid resuscitation among pregnant patients.

There is additionally an increase in capillary hydrostatic pres-

sure.52 The combination of these two forces results in extrav-

asation of fluids into the interstitial space in pregnancy. As a

result, pregnant patients with AKI and pulmonary injury sec-

ondary to SARS-CoV-2 may be at particular risk for pulmo-

nary edema. Serial volume assessments in the context of the
specific clinical scenario must be undertaken to determine

the appropriate fluid resuscitation goals for each individual

patient.

Management of AKI typically begins with conservative

efforts, with close attention to potential electrolyte derange-

ments and fluid status of the patient as the disease pro-

gresses. Discontinuation or judicious use of nephrotoxic

medications are necessary management strategies in caring

for women with COVID-19 infection. Renal replacement ther-

apy is reserved for kidney injury not responsive to supportive

management. In the pregnant patient, similar principles are

applicable in the management of AKI; however, additional

obstetric etiologies of AKI such as severe preeclampsia must

be taken into consideration.
Conclusions/future directions

COVID-19 infection results in both pulmonary and extra-pul-

monary manifestations. While the multi-organ involvement

of this disease entity has been cited extensively in the litera-

ture, there is limited data confirming these findings in the

obstetric population. Herein, we reviewed the presentation of

this disease per organ system, as well as special considera-

tions that must be undertaken among pregnant patients.

Future studies assessing specific findings in the obstetric pop-

ulation will allow clinicians to gain a better understanding of

the progression of this disease and develop guidelines for sys-

tem-based treatment as this pandemic continues to unfold.
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