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Purpose: Outbreak of COVID-19 caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has become a global 
pandemic, leading to over 6 million deaths worldwide. Pregnant women suffer from a higher risk facing the pandemic COVID-19, 
while their related clinical information is limited.
Methods: The clinical information of SARS-CoV-2 positive (n = 30) and negative pregnant women (n = 134) in Tianjin First Central 
Hospital (from November 30, 2022, to January 20, 2023) were collected. All statistical analyses were conducted in R language, 
employing t test or Chi-square test methods.
Results: Significantly higher heart rate, temperature, and intrapartum hemorrhage were observed in positive pregnant women, besides 
fetal placentation grading, umbilical cord around the neck, cardiac B-scan ultrasound, and ultrasonic examination of lower limb vessels 
were significantly differential between positive and negative individuals. As for coagulation test, significantly higher activated partial 
thromboplastin time (APTT), Thrombin Time (TT), and D-dimer (DD2) were found in SARS-CoV-2 positive patients. Liver function 
test results indicated that six indicators were significantly differential between positive and negative individuals.
Conclusion: Compared to negative pregnant women, significantly abnormal liver function and coagulopathy were observed in 
positive patients. As the unique vulnerable population, SARS-CoV-2 infected pregnant women should be payed more attention in 
clinical practice.
Keywords: COVID-19, pregnant women, clinical feature, coagulopathy

Background
At the end of 2019, the outbreak of corona virus disease 2019 (COVID-19) caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) has become a global pandemic and has greatly affected the life around the world.1 SARS- 
CoV-2 infection has caused more than 6 million deaths and 600 million infected patients globally (data obtained from 
Center for Systems Science and Engineering [CSSE] at Johns Hopkins University [JHU], Baltimore, USA, 2021).2 More 
recently, it has been increasingly reported that there are novel variants and immune escape of SARS-CoV, bringing great 
new challenges.3,4 Of which, Delta variant (B.1.617.2 lineage) and the Omicron variant (B.1.1.529 lineage) have been 
widely known as novel threats.5 The rapid spread of COVID-19 brings heavy health and economic burdens, especially 
for the high-risk population like pregnant women.

SARS-CoV-2 belongs to the Coronavirus family, and multiple Coronavirus pathogens could result in viral infections, 
such as Severe Acute Respiratory Syndrome (SARS).6 The main transmission way of SARS-CoV-2 comprises respira-
tory droplets and direct contact.1 The clinical manifestations of SARS-CoV-2 infected patients are broadly different. In 
China, the severity of clinical manifestation is categorized as mild, severe, or critical by Chinese Center for Disease 
Control and Prevention.7 The subsequent studies have indicated that COVID-19 is not a respiratory disease alone; rather, 
it affects multi-systems, manifesting with pulmonary and extrapulmonary characteristics,8 hyper-stimulating the immune 
system,9 etc. Based on which, the mortality of vulnerable populations has remained elevated.10 It has been suggested that 
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compared with non-pregnant individuals, pregnant women with viral/respiratory diseases have exhibited more serious 
symptoms.11

Pregnant women have been a vulnerable population when facing the pandemic COVID-19, as pregnancy is under 
a special immunological status, and complicated and precise adaptations occur in the maternal immune system.12 Due to 
the impacts of COVID-19 on respiratory organs, possible negative maternal outcomes could occur in pregnant indivi-
duals, including admitting to the intensive care unit admission, intubation, and even maternal death.13 Although pregnant 
women with SARS-CoV-2 infection exhibit from no symptoms to severe diseases, it has been demonstrated that they are 
facing higher risks for mechanical ventilation and preterm birth.14–17 Moreover, Smith et al have documented their 
findings in pregnant women with COVID-19 that HIV infection, prepregnancy underweight, and anemia are less 
commonly known risk factors for the adverse birth outcomes.18 The physiologic changes in pregnant women cannot 
be neglected for instance, decreased lung capacity and elevated metabolic and cardiovascular demands,19,20 which is 
critical to better understand the potential risk of pregnant women with COVID-19. Meanwhile, despite great development 
in understanding SARS-CoV-2 infection, there is scarce knowledge of COVID-19 symptoms in some special popula-
tions, like pregnant population. Furthermore, deeper insights are undoubtedly the bases of developing better management 
strategies and specialized cares for pregnant women with COVID-19, especially involving vaccination and medication.

Accordingly, it is still imperative to investigate the clinical maternal and neonatal features between pregnant women 
with and without SARS-CoV-2 infection. Herein, we have collected the clinical information of pregnant women in 
Tianjin, China, to further clarify the distinct clinical features. Meanwhile, this present study aims to provide more clinical 
insights to enhance the management of pregnant women with SARS-CoV-2 infections in a global pandemic context.

Materials and Methods
Patients and Ethic Approval
The clinical information of all subjects were collected from November 30th, 2022, to January 20th, 2023. All participants 
provided informed consents voluntarily. Our work was approved by the ethic committee of Tianjin First Central Hospital 
(2024SYDWLL-000465), in accordance with Declaration of Helsinki.

Inclusion and Exclusion Criterion
The following inclusion criterion was adopted: 1) the pregnant women admitted in Tianjin First Central Hospital from 
November 30, 2022, to January 20, 2023; 2) the subjects volunteered to participate in our study; 3) the Chinese pregnant 
women; 4) the pregnant women aged 18–44 years.

The following samples were excluded: 1) the pregnant women with severe complications (such as hematological, 
metabolic, organic, systemic, neurological disorders, and traumatic injuries); 2) the pregnant women with additional 
medications that might affect the results of this study; 3) the pregnant women with missing data involving any key 
variables.

Study Design
This study was a retrospective observational study, and the participants were recruited according to the convenience 
sampling method. From November 30, 2022, to January 20, 2023, a total of 164 Chinese pregnant women hospitalized in 
Tianjin First Central Hospital were included in our study. Among which, 30 pregnant women were diagnosed with 
COVID-19 infection (SARS-CoV-2 positive), and the remaining 134 pregnant women had no SARS-CoV-2 infection 
(SARS-CoV-2 negative). The detailed clinical feature difference between SARS-CoV-2 positive pregnant women and 
SARS-CoV-2 negative pregnant women was mainly explored in this work. The workflow was displayed in Figure 1.

Data Collection
Detailed clinical information of all pregnant women were collected during the hospitalization, comprising the age, 
delivery mode, fetal position, vaccinum status, gestational age at delivery, volume of intrapartum hemorrhage, tempera-
ture, heart rate, blood pressure information of pregnant women, newborn weight, gender, Apgar score, biparietal 
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diameter, head circumference, abdominal circumference, femur length, amniotic fluid, grading of placentation, SD 
(systolic blood pressure (SBP), diastolic blood pressure (DBP)), umbilical cord around the neck, cardiac B-scan 
ultrasound, ultrasonic examination of lower limb vessels information of the infants, routine blood test, urinalysis, 
conventional bacterial culture (Gram-positive aerobic bacteria culture), coagulation test, the liver and kidney function 
test, and so on. Of which, the Apgar score has been established as a rapid method to assess the neonate’s immediate 
response to resuscitation. There were 5 elements in this score, including color, heart rate, reflexes, muscle tone, and 
respiration, which was performed to evaluate the signs of hemodynamic compromise.21 Moreover, there were no more 
than 2 points in each element, and 8–10 points referred to normal neonate, 4–7 points referred to presenting mild 
asphyxia, and 0–3 points referred to presenting severe asphyxia. For both SARS-CoV-2 positive and negative groups, all 
tests were performed uniformly. Moreover, there was no self-reported data in this work.

Diagnosis of COVID-19 Infection
The SARS-CoV-2 positive pregnant women and SARS-CoV-2 negative pregnant women were confirmed with SARS- 
CoV-2 infection and no SARS-CoV-2 infection, respectively, via nasopharyngeal swab test for SARS-CoV-2 employing 
quantitative RT-PCR (qRT-PCR). The SARS-CoV-2 positive pregnant women were diagnosed with positive nasophar-
yngeal swab test with fever symptoms.

Data Analysis and Statistical Analyses
All clinical data of the subjects were enrolled into R language software (version 4.0.3) for our subsequent statistical 
analyses. There was no missing data in all samples included in our present work. The differences of various clinical 
features between SARS-CoV-2 positive and SARS-CoV-2 negative pregnant women were compared and analyzed. The 
categorical variables were analyzed using chi-square test, which were presented in number (percentage). As for the 
continuous variables, the normal distribution of data was tested using Kolmogorov Smirnov method. The difference 
between continuous variables in normal distribution was determined by t test, which were presented as mean ± standard 

Figure 1 The flowchart of our work.
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deviation (SD). Regarding the non-normal distribution data, log transformation was applied. The principal component 
analysis (PCA) in multivariate analysis was conducted to confirm potential factors. The p value <0.05 was considered 
statistically significant.

Results
The Maternal Basic Information Between SARS-CoV-2 Positive and SARS-CoV-2 
Negative Pregnant Women
First, we have summarized and analyzed the basic information between SARS-CoV-2 positive and SARS-CoV-2 
negative pregnant women. During the clinical information collection period, a total of 164 pregnant women with 
complete clinical information were finally included in our present study. The basic information of all 164 pregnant 
women were summarized in Table 1. All subjects’ SARS-CoV-2 infection status were confirmed with nasopharyngeal 
swab test using qRT-PCR.

Between SARS-CoV-2 positive and SARS-CoV-2 negative pregnant women, the age, delivery mode, fetal position, 
vaccinum, gestational age, and blood pressure showed no significant difference (p > 0.05). Notably, SARS-CoV-2 
positive patients had significantly higher heart rate (84.90 bpm) than that of SARS-CoV-2 negative individuals (81.31 
bpm). Moreover, significantly higher mean temperature (37.06°C) was also observed in SARS-CoV-2 positive patients, 
compared to SARS-CoV-2 negative pregnant women (36.34°C). We found that there was significantly more intrapartum 
hemorrhage (288 mL) in SARS-CoV-2 positive patients, compared to SARS-CoV-2 negative pregnant women 
(223.56 mL), which was a probable potential risk for both pregnant women and their babies.

The Neonatal Basic Information Between SARS-CoV-2 Positive and SARS-CoV-2 
Negative Pregnant Women
Additionally, in order to obtain more fetal information, the basic information of infants born to SARS-CoV-2 positive and 
SARS-CoV-2 negative pregnant women were also analyzed. The weight, gender, Apgar score, biparietal diameter, head 

Table 1 Basic Information Between SARS-CoV-2 Positive and SARS-CoV-2 Negative Pregnant Individuals

Characteristics SARS-CoV-2  
negative

SARS-CoV-2  
positive

P value 95% CI

n 134 30

Age (years) (mean±SD) 30.58±4.50 29.30 ±6.96 0.209a 29.570–31.124

Delivery mode (n, %) 0.246a

Caesarean delivery 71 (53.0) 20 (66.7)

Vaginal delivery 63 (47.0) 10 (33.3)

Fetal position (n, %) 0.99b

Left occipito-anterior (LOA) 125 (93.3) 28 (93.3)

Lumbosacral angle (LSA) 5 (3.7) 1 (3.3)

Unknown 4 (3.0) 1 (3.3)
Vaccinum (n, %) 0.219b

No 10 (7.5) 5 (16.7)

Yes 124 (92.5) 25 (83.3)
Gestational age at delivery (week) (mean±SD) 38.11±4.15 38.50 ±4.77 0.655a 37.525–38.837

Volume of intrapartum hemorrhage (mL) (mean±SD) 223.56±85.24 288.00±92.86 <0.001a 221.533–249.454

Temperature (°C) (mean±SD) 36.34 ±0.24 37.06±0.96 <0.001a 36.379–36.618
Heart rate (beat-per-minute (bpm)) (mean±SD) 81.31 ±4.77 84.90 ±11.48 0.041a 80.659–83.562

Blood pressure (BP) (mmHg) (mean±SD)

Systolic blood pressure (SBP) 118.10 ±7.57 118.93 ±8.61 0.597a 117.047–119.461
Diastolic blood pressure (DBP) 74.82 ±5.31 75.83 ±7.86 0.392a 74.095–75.916

Notes: The categorical variables were presented in number (percentage); continuous variables were presented as mean±standard deviation 
(SD), with 95% confidence interval (CI). at-test; bChi-square test.

https://doi.org/10.2147/IJGM.S488808                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2024:17 6078

Liu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


circumference, abdominal circumference, femur length, amniotic fluid, and SD of newborns born to SARS-CoV-2 
positive and SARS-CoV-2 negative pregnant women exhibited no significant difference (p > 0.05, Table 2). Whereas, 
the grading of placentation (p < 0.001), umbilical cord around the neck (p < 0.001), cardiac B-scan ultrasound (p < 0.05), 

Table 2 The Basic Information of Infants Born to SARS-CoV-2 Positive and SARS-CoV-2 Negative Pregnant Women

Characteristics SARS-CoV-2 
negative

SARS-CoV-2 
positive

P value 95% CI

n 134 30

Newborn weight (g) (mean±SD) 3123.86 ±637.55 3124.67 ±699.20 0.995a 3023.927–3224.097

Newborn gender (n, %) 0.454b

Male 63 (47.0) 17 (56.7)

Female 69 (51.5) 12 (40.0)

Unknown 2 (1.5) 1 (3.3)

Apgar score in liveborn infants (mean±SD)

Apgar score at 1 min 9.62 ±1.54 9.53 ±1.89 0.781a 9.359–9.855

Apgar score at 5 min 9.74 ±1.50 9.60 ±1.85 0.649a 9.476–9.959

Apgar score at 10 min 9.74 ±1.50 9.67 ±1.83 0.806a 9.489–9.970

Biparietal diameter (BPD) (mm) (mean±SD) 91.33 ±6.46 93.05 ±2.89 0.232a 90.585–92.538

Head circumference (mm) (mean±SD) 326.46 ±21.47 330.52 ±9.46 0.395a 323.782–330.257

Abdomen circumference (mm) (mean±SD) 324.99 ±38.13 332.71 ±12.31 0.36a 320.338–331.766

Femur length (mm) (mean±SD) 70.96 ±5.19 71.52 ±2.80 0.629a 70.252–71.825

Amniotic fluid (AF) (mean±SD) 49.42 ±11.18 50.05 ±10.28 0.811a 47.747–51.271

Grading of placentation (n, %) <0.001b

Grade 0-I 1 (0.7) 0 (0.0)

Grade I 6 (4.5) 0 (0.0)

Grade 1-II 12 (9.0) 1 (3.3)

Grade II 87 (64.9) 16 (53.3)

Grade II–III 19 (14.2) 2 (6.7)

Grade III 7 (5.2) 2 (6.7)

Unknown 2 (1.5) 9 (30.0)

SD (Systolic blood pressure (SBP)/ Diastolic blood pressure (DBP)) (mean 
±SD)

2.18±0.26 2.27 ±0.23 0.156a 2.152–2.234

Umbilical cord around the neck (n, %) <0.001b

No umbilical cord around the neck 87 (64.9) 9 (30.0)

One loop of umbilical cord around fetal neck 39 (29.1) 9 (30.0)

Two loops of umbilical cord around fetal neck 5 (3.7) 2 (6.7)

Unknown 3 (2.2) 10 (33.3)

Cardiac B-scan ultrasound (n, %) 0.036b

Normal 47 (35.1) 11 (36.7)

Mild mitral regurgitation 16 (11.9) 0 (0.0)

Mild mitral regurgitation, Mild tricuspid regurgitation 12 (9.0) 4 (13.3)

Mild mitral regurgitation, Mild tricuspid regurgitation, and Mild aortic 
regurgitation

3 (2.2) 0 (0.0)

Mild mitral regurgitation, Mild aortic regurgitation 2 (1.5) 0 (0.0)

Mild mitral regurgitation, Reduced left ventricular diastolic function 2 (1.5) 0 (0.0)

Mild mitral regurgitation, Mild pulmonary valve regurgitation 1 (0.7) 0 (0.0)

Mild tricuspid regurgitation 16 (11.9) 0 (0.0)

Mild tricuspid regurgitation, Reduced left ventricular diastolic function, and 
Pericardial effusion

1 (0.7) 0 (0.0)

Mild tricuspid regurgitation, Mild pulmonary valve regurgitation 1 (0.7) 0 (0.0)

Mild aortic regurgitation 1 (0.7) 0 (0.0)

Reduced left ventricular diastolic function, 6 (4.5) 0 (0.0)

Mild pulmonary valve regurgitation 3 (2.2) 0 (0.0)

Unknown 23 (17.2) 15 (50.0)

(Continued)
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and ultrasonic examination of lower limb vessels (p < 0.01) were significantly different in newborns between SARS-CoV 
-2 positive and SARS-CoV-2 negative pregnant women (Table 2).

Routine Blood Test and Urinalysis results of SARS-CoV-2 Positive and SARS-CoV-2 
Negative Pregnant Women
Subsequently, we have analyzed the blood and urine difference between SARS-CoV-2 positive and SARS-CoV-2 
negative pregnant women. Blood and urine routine tests are common tests to effectively obtain the fundamental 
information of the patients.22 Thus, the results of blood and urine routine tests were also analyzed between SARS- 
CoV-2 positive and SARS-CoV-2 negative pregnant individuals (Table 3). The results indicated that most of the 

Table 2 (Continued). 

Characteristics SARS-CoV-2 
negative

SARS-CoV-2 
positive

P value 95% CI

Ultrasonic examination of lower limb vessels (n, %) 0.005b

Normal 98 (73.1) 14 (46.7)

Bilateral common femoral venous stasis, 2 (1.5) 0 (0.0)

Bilateral common femoral venous stasis, bilateral superficial femoral venous 
stasis, and bilateral great saphenous venous stasis

5 (3.7) 0 (0.0)

Bilateral common femoral venous stasis, bilateral superficial femoral venous 
stasis, bilateral great saphenous venous stasis, and bilateral popliteal venous 
stasis

2 (1.5) 0 (0.0)

Bilateral common femoral venous stasis, and bilateral great saphenous 
venous stasis

1 (0.7) 0 (0.0)

Bilateral great saphenous venous stasis 0 (0.0) 1 (3.3)

Great saphenous vein dilatation 3 (2.2) 0 (0.0)

Bilateral deep venous stasis of the lower extremities 1 (0.7) 0 (0.0)

Bilateral venous stasis of the lower extremities 1 (0.7) 0 (0.0)

Unknown 21 (15.7) 15 (50.0)

Notes: The categorical variables were presented in number (percentage); continuous variables were presented as mean±standard deviation (SD), with 95% confidence 
interval (CI). at-test; bChi-square test.

Table 3 Routine Blood and Urine Tests’ Results of SARS-CoV-2 Positive and SARS-CoV-2 Negative Pregnant Women

Characteristics SARS-CoV-2 negative SARS-CoV-2 positive P value 95% CI

n 134 30

Blood routine (mean±SD)

White Blood Cells (WBC) (×109/L) 8.87 ±2.42 8.02 ±2.55 0.087a 8.336–9.093

Red Blood Cells (RBC) (×1012/L) 6.71 ±31.80 3.87 ±0.35 0.626a 1.761–10.625

Hemoglobin (HGB) (g/L) 115.77 ±14.90 115.23 ±11.70 0.854a 113.460–117.881

Hematocrit (HCT) (%) 35.95 ±3.23 35.35 ±3.02 0.351a 35.351–36.335

Mean Corpuscular Volume (MCV) (fL) 91.16 ±6.57 91.26 ±5.78 0.936a 90.186–92.163

Mean Corpuscular Hemoglobin (MCH) (pg) 29.15 ±3.54 29.78 ±2.59 0.358a 28.738–29.783

Mean Corpuscular Hemoglobin Concentration (MCHC) (g/L) 321.78 ±27.15 325.93 ±12.33 0.414a 318.662–326.410

Red Blood Cell Distribution Width-Standard Deviation (RDW-SD) (fL) 46.66 ±5.88 48.19 ±4.36 0.18a 46.068–47.812

Red Blood Cell Distribution Width-Coefficient of Variation (RDW-CV)(%) 14.12 ±1.78 14.51 ±1.57 0.274a 13.925–14.463

Platelet Count (PLT) (×109/L) 216.74 ±60.37 200.23 ±67.82 0.188a 204.178–223.270

Neutrophils (×109/L) 7.62 ±11.39 5.91 ±2.46 0.415a 5.710–8.905

Lymphocytes (×109/L) 2.33 ±8.95 3.40 ±8.37 0.551a 1.163–3.887

Monocytes (×109/L) 0.92 ±3.50 0.55 ±0.19 0.565a 0.359–1.335

Eosinophils (×109/L) 0.07 ±0.09 0.04 ±0.04 0.158a 0.049–0.076

Urinalysis

Specific Gravity (SG) (mean±SD) 1.02±0.01 1.01±0.01 0.36a 1.013–1.016

(Continued)
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indicators showed no significant difference between SARS-CoV-2 positive and SARS-CoV-2 negative pregnant indivi-
duals. There were significant urine nitrite (p < 0.05) and urobilinogen (p < 0.05) difference between SARS-CoV-2 
positive and SARS-CoV-2 negative pregnant individuals (Table 3).

Table 3 (Continued). 

Characteristics SARS-CoV-2 negative SARS-CoV-2 positive P value 95% CI

pH (n, %) 0.117b

<5 8 (6.0) 0 (0.0)

5–5.5 0 (0.0) 1 (3.3)

5.5–6 39 (29.1) 8 (26.7)

6–6.5 18 (13.4) 2 (6.7)

6.5–7 38 (28.4) 7 (23.3)

7–8 2 (1.5) 1 (3.3)

Unknown 29 (21.6) 11 (36.7)

Urine Nitrite (NIT) (n, %) 0.013b

+ 0 (0.0) 1 (3.3)

- 107 (79.9) 18 (60.0)

Unknown 27 (20.1) 11 (36.7)

Proteinuria (%) 0.056b

+ 3 (2.2) 1 (3.3)

+++ 0 (0.0) 1 (3.3)

++++ 2 (1.5) 0 (0.0)

- 102 (76.1) 17 (56.7)

Unknown 27 (20.1) 11 (36.7)

Urine Glucose (GLU) (n, %) 0.409b

+ 5 (3.7) 1 (3.3)

++ 5 (3.7) 0 (0.0)

+++ 1 (0.7) 0 (0.0)

++++ 2 (1.5) 0 (0.0)

- 94 (70.1) 18 (60.0)

Unknown 27 (20.1) 11 (36.7)

Urine Ketones (KET) (n, %) 0.268b

+ 8 (6.0) 1 (3.3)

++ 10 (7.5) 1 (3.3)

+++ 4 (3.0) 2 (6.7)

++++ 6 (4.5) 0 (0.0)

- 79 (59.0) 15 (50.0)

Unknown 27 (20.1) 11 (36.7)

Urine Urobilinogen (UBG) (n, %) 0.016b

++ 0 (0.0) 1 (3.3)

++++++++ 1 (0.7) 1 (3.3)

- 106 (79.1) 17 (56.7)

Unknown 27 (20.1) 11 (36.7)

Urine Bilirubin (BIL) (n, %) 0.142b

+ 1 (0.7) 0 (0.0)

- 106 (79.1) 19 (63.3)

Unknown 27 (20.1) 11 (36.7)

Urine Blood (BLD) (n, %) 0.271b

+ 8 (6.0) 1 (3.3)

++ 4 (3.0) 0 (0.0)

+++ 5 (3.7) 0 (0.0)

++++ 13 (9.7) 1 (3.3)

- 77 (57.5) 17 (56.7)

Unknown 27 (20.1) 11 (36.7)

Notes: The categorical variables were presented in number (percentage); continuous variables were presented as mean±standard deviation (SD), with 95% confidence 
interval (CI). at-test; bChi-square test.

International Journal of General Medicine 2024:17                                                                             https://doi.org/10.2147/IJGM.S488808                                                                                                                                                                                                                       

DovePress                                                                                                                       
6081

Dovepress                                                                                                                                                               Liu et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Laboratory Findings of SARS-CoV-2 Positive and SARS-CoV-2 Negative Pregnant 
Women
Next, we found that there were significantly differential laboratory indexes between SARS-CoV-2 positive and SARS- 
CoV-2 negative pregnant women. Among all laboratory findings in SARS-CoV-2 positive and SARS-CoV-2 negative 
pregnant women, conventional bacterial culture results indicated that there was no significant difference between two 
groups (p > 0.05, Table 4). However, differential coagulation test results as well as liver and kidney function indicators 
were observed between SARS-CoV-2 positive and SARS-CoV-2 negative pregnant individuals. Regarding coagulation 
test, significantly higher activated partial thromboplastin time (APTT), Thrombin Time (TT), and D-dimer (DD2) were 

Table 4 Laboratory Findings of SARS-CoV-2 Positive and SARS-CoV-2 Negative Pregnant Women

Laboratory parameter(s) SARS-CoV-2  
negative

SARS-CoV-2  
positive

P value 95% CI

n 134 30

Conventional bacterial culture (n, %) 0.433b

No abnormality detected 68 (50.7) 12 (40.0)
Escherichia coli 7 (5.2) 1 (3.3)

Candida albicans 5 (3.7) 0 (0.0)
Klebsiella pneumoniae 2 (1.5) 0 (0.0)

Streptococcus agalactiae 2 (1.5) 0 (0.0)

Enterococcus faecium 2 (1.5) 0 (0.0)
Unknown 48 (35.8) 17 (56.7)

Coagulation test (mean±SD)

Prothrombin Time (PT) (s) 11.13 ±8.10 10.88 ±1.06 0.869a 9.954–12.214
International Normalized Ratio (INR) 3.86 ±33.96 0.94 ±0.06 0.639a −1.403–8.062

Percentage of Prothrombin Activity (%) 107.75 ±7.19 106.57 ±9.52 0.453a 106.356–108.725

Activated partial thromboplastin time (APTT) (s) 26.82 ±2.50 31.01 ±5.51 <0.001a 27.025–28.143
Thrombin Time (TT) (s) 13.28 ±0.91 14.55 ±1.84 <0.001a 13.320–13.700

Fibrinogen (FIB) (g/L) 4.34 ±0.74 4.07 ±0.62 0.062a 4.182–4.406

D-dimer (DD2) (μg/L) 1792.82 ±1111.72 2800.03 ±2349.53 0.001a 1742.458–2191.356
Liver and Kidney Function (mean±SD)

Sodium (Na) (mmol/L) 137.32 ±1.44 137.56 ±1.76 0.445a 137.130–137.593

Potassium (K) (mmol/L) 3.99 ±0.28 4.13 ±0.29 0.018a 3.968–4.057
Chloride (Cl) (mmol/L) 104.02 ±2.42 104.45 ±2.19 0.383a 103.732–104.469

Carbon Dioxide (CO2) (mmol/L) 21.99 ±1.94 21.24 ±2.43 0.074a 21.535–22.168

Urea (mmol/L) 3.20 ±0.93 3.22 ±1.04 0.935a 3.060–3.353
Creatinine (μmol/L) 50.66 ±8.92 51.68 ±9.32 0.579a 49.454–52.230

Uric Acid (UA) (μmol/L) 274.79 ±77.51 294.83 ±72.13 0.204a 266.466–290.282

Total Protein (TP) (g/L) 64.11 ±49.03 59.63 ±5.88 0.625a 56.401–70.210
Albumin (ALB) (g/L) 35.65 ±3.67 34.47 ±3.26 0.113a 34.881–36.001

Globulin (GLO) (g/L) 24.05 ±4.10 24.96 ±3.45 0.272a 23.581–24.829

Alanine Aminotransferase (ALT) (U/L) 10.04 ±16.00 16.85 ±17.97 0.044a 8.698–13.809
Aspartate Aminotransferase (AST) (U/L) 14.75 ±6.23 24.52 ±19.07 <0.001a 14.874–18.099

Alkaline Phosphatase (ALP) (U/L) 139.87 ±57.43 173.93 ±96.78 0.013a 135.553–156.379

Gamma-glutamyl Transferase (GGT) (U/L) 10.37 ±6.91 24.68 ±53.30 0.003a 9.248–16.613
Total Bilirubin (TBIL) (μmol/L) 4.88 ±2.29 6.63 ±2.79 <0.001a 4.808–5.572

Direct Bilirubin (DBIL) (μmol/L) 2.55 ±0.84 3.81 ±2.04 <0.001a 2.531–2.899

Indirect Bilirubin (IBIL) (μmol/L) 2.30 ±1.49 2.72 ±1.58 0.244a 2.109–2.590
Glucose (mmol/L) 4.66 ±1.00 4.77 ±0.93 0.608a 4.528–4.836

Anion Gap (AG) (mmol/L) 11.35 ±2.21 12.53 ±3.94 0.03a 11.149–11.967

Notes: The categorical variables were presented in number (percentage); continuous variables were presented as mean±standard deviation (SD), with 
95% confidence interval (CI). at-test; bChi-square test.
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found in SARS-CoV-2 positive patients (p < 0.001, Table 4). Moreover, compared with SARS-CoV-2 negative pregnant 
women, SARS-CoV-2 positive individuals had significantly higher Alanine Aminotransferase (ALT) (p < 0.05), 
Aspartate Aminotransferase (AST) (p < 0.001), Alkaline Phosphatase (ALP) (p < 0.05), Gamma-glutamyl Transferase 
(GGT) (p < 0.01), Total Bilirubin (TBIL) (p < 0.001), and Direct Bilirubin (DBIL) (p < 0.001) levels (Table 4).

Finally, we found that a total of 14 continuous variables showed significant difference between SARS-CoV-2 positive 
and negative pregnant women (Figure 2A). The PCA results indicated that SARS-CoV-2 positive and negative pregnant 
women could be divided as two separate groups basing on these variables (Figure 2B), implying that these 14 continuous 
variables were of great potential to distinguish various samples.

Discussion
As a critical question in COVID-19 field, more details have been increasingly revealed in SARS-CoV-2 infected pregnant 
women, especially involving the maternal and fetal clinical outcomes.23,24 A recent multi-country cohort study has 
demonstrated that elevated maternal morbidity, mortality as well as neonatal complications were correlated with the 
COVID-19 diagnosis.25 However, more available clinical characteristics of the SARS-CoV-2 infected pregnant women 
are still scarce. Therefore, we herein compared the clinical data between SARS-CoV-2 positive and negative pregnant 
women, collected in Tianjin, China. Our findings indicated that SARS-CoV-2 infected pregnant women tended to exhibit 
precursors of coagulopathy, which was a dangerous signal for pregnant individuals.

The Distinct Basic Status Between SARS-CoV-2 Positive and Negative Pregnant 
Women
Firstly, regarding the basic information of pregnant women, most indicators showed no significant difference between 
positive and negative pregnant women. Whereas, positive women’s temperature and heart rate were significantly higher 
than that of normal pregnant individuals. It has been widely known that the most typical symptoms of COVID-19 
included fever and cough, as the manifestations of viral pneumonia.26 Thus, the symptom in positive pregnant women 
herein was reasonable. Moreover, despite various manifestations in different patients, Nalbandian et al have documented 
that shortness of breath, fatigue, and high heart rate occurred in about 10%–15% of COVID-19 patients, as post-COVID 

Figure 2 The results of principal component analysis (PCA) in multivariate analysis. (A) All 14 variables included. (B) The SARS-CoV-2 positive and SARS-CoV-2 negative 
pregnant women could be separated.
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-19 conditions.27 On the other hand, fever during pregnancy has been established to make adverse influence on offspring 
health, such as increasing the risk of neural tube defects, congenital heart defects, and oral clefts.28 Meanwhile, the 
timing of fever exposure was also an important factor in the unfavorable impacts on neonates.28 Accordingly, this basic 
aspect of SARS-CoV-2 positive pregnant women deserved to be paid special attention, in order to reduce the negative 
impacts both on mothers and neonates.

The Implications of SARS-CoV-2 Positive Mothers on Neonates
As for the fetal basic information, only three clinical features, comprising grading of placentation, umbilical cord around 
the neck, and cardiac B-scan ultrasound, were significantly abnormal. Based on the above data, SARS-CoV-2 positive 
mothers were probably able to affect the infants. Balkawade et al have suggested that the umbilical cord around the neck 
would increase the incidence of operative interference, intrapartum complications, fetal heart rate abnormalities, and 
higher probability of birth asphyxia.29 Whereas, currently, no consensus has been reached in the definition of placental 
infection of SARS-CoV-2, and extremely a few newborns (1%–3%) were exposed to the vertical maternal-fetal 
transmission.30

Abnormal Liver Functions in SARS-CoV-2 Positive Pregnant Women
Additionally, in our study, in SARS-CoV-2 positive pregnant women, we found that the ALT, AST, ALP, GGT, TBIL, 
and DBIL were significantly increased compared to normal pregnant individuals, implying the liver injury in SARS-CoV 
-2 positive patients. Previously, Xu et al have indicated that in some other highly pathogenic coronavirus infected 
patients, like Middle East respiratory syndrome coronavirus, liver injury was one of the most common symptoms, 
correlating with the severity of the disease.31 Hence, liver function-related results in COVID-19 patients raised our 
concern. In non-pregnant SARS-CoV-2 positive population, the liver injury has also been documented, among which 
approximately 10%–60% cases exhibited abnormal ALT and AST levels.32 Moreover, different proportions of severe 
patients and non-severe patients showed increased ALT and AST levels.32 Thus, liver injury was a prevalent manifesta-
tion in COVID-19 patients.

A recent study in Selcuk University Medical Faculty Hospital has indicated that among SARS-CoV-2 positive 
pregnant women, there was worse inflammatory response in pregnant patients with liver damage than those without 
liver damage, while obstetric and perinatal outcomes were similar in with or without liver dysfunction.33 However, there 
was still a lack of the related clinical information in SARS-CoV-2 positive pregnant women, which could be partly 
achieved in our present work. Although some liver function test indicators of positive pregnant women were still in 
a normal range, the distinction actually indicated a potential tendency of liver functional change. Whether these potential 
alterations would finally affect the pregnant outcomes should be further investigated in a larger sample size. Although 
there was no consensus in this field, we recommended more frequent monitors on liver dysfunction in SARS-CoV-2 
positive pregnant women, and timely necessary treatments should be adopted based on the dynamic monitoring.

Coagulation Related Abnormality in SARS-CoV-2 Positive Pregnant Women
As pregnancy is actually a type of physiological prothrombotic state, the pregnant women had to suffer from an elevated 
risk of coagulopathy and/or thromboembolic complications, especially facing COVID-19 threat.34 Among all basic 
information of pregnant women, significantly more intrapartum hemorrhage in positive patients came to our attention. 
This feature can be reasonably connected with the coagulation-related indexes. In fact, we indeed found that multiple 
coagulation-related indexes were significantly different between positive and negative pregnant women, including APTT, 
TT, and D-dimer. Significantly longer APTT, TT, and higher D-dimer levels were observed in positive individuals, in line 
with some previous reports.35 Of which, higher D-dimer level has been indicated to associate with postpartum 
hemorrhage,36 which could further increase the risk of adverse outcomes of both mothers and neonates.

Recently, Januszewski et al have focused on the postpartum blood loss in SARS-CoV-2 infected pregnant women, and 
they found that positive patients were characterized by a longer APTT, and COVID-19 deliveries were related to an 
increased postpartum hemorrhage frequency.37 D-dimer measurement has been widely used to exclude the diagnosis of 
venous thromboembolism.38 It has been indicated that a few severe COVID-19 conditions could trigger the disseminated 
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intravascular coagulation, which was a consumptive coagulopathy manifested with reduced fibrinogen, prolonged 
clotting times, and increased D-dimers.39 More recently, Choudhary et al have demonstrated that SARS-CoV-2 positive 
pregnant women complicated by liver dysfunction manifested with higher disease severity, meanwhile suffering a higher 
risk of complications like postpartum hemorrhage.40 Their findings coincided with our data. Thus, the similar conditions 
should be paid special attention in SARS-CoV-2 infected pregnant women, to avoid unexpected hemorrhage or death. 
Based on which, the delivery of SARS-CoV-2 positive pregnant women should be accelerated in a proper way in future 
clinical practice, to avoid prolonged physical exertion and postpartum hemorrhage. Meanwhile, it is also recommended 
that neonatologists should prepare for neonatal resuscitation in advance in the delivery room.

Strengths and Limitations of This Work
In summary, our present study has demonstrated the potential difference and association between SARS-CoV-2 positive 
and negative pregnant women in Tianjin, China, for the first time. Our data were of great significance in the global 
context of the pandemic, especially involving the vulnerable pregnant population. Nevertheless, we have to acknowledge 
that there are several limitations in this study. First, our findings would be more powerful when a larger sample size was 
employed. Meanwhile, our data were obtained from a single-center analysis, which should be validated in multiple-center 
cohorts in future studies.

Conclusions
In conclusion, we have revealed the specific difference in the SARS-CoV-2 infected pregnant women in Tianjin, China, 
for the first time. Compared to negative pregnant women, significantly abnormal liver function and coagulopathy were 
observed in positive patients. Our findings contributed to the deeper understanding of the obviously distinct liver function 
in SARS-CoV-2 infected pregnant women. In further clinical research and practice, it is important to focus on these 
indexes in SARS-CoV-2 infected pregnant women. Meanwhile, more frequent detection of liver function and coagulo-
pathy-related markers are beneficial for monitoring the health status of pregnant individuals as well as to prevent 
potential adverse outcomes.
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