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Abstract

It is believed that the subtle equilibrium between tolerance and immunity during the

unique biological state of pregnancy, which is characterized by further physiological

and hormonal changes, rends pregnant women more vulnerable to coronavirus

disease 2019 (COVID‐19). In this retrospective study, confirmed COVID‐19‐positive

pregnant women (n = 15) during their third trimester, comprising asymptomatic

(n = 7) and mild symptomatic (n = 8), and healthy pregnant controls (n = 20), were

enrolled between June 1, 2020 and June 1, 2021 from the Hospital CHR Metz‐

Thionville in Metz, France. Vitamin D concentrations, C‐reactive protein (CRP), and

oxidative stress markers including superoxide dismutase (SOD), catalase (CAT), re-

duced (GSH) and oxidized (GSSG) glutathione levels, hydrogen peroxide (H2O2), and

the total antioxidant capacity, measured the ferric reducing ability of plasma (FRAP),

were evaluated in the serum of patients and controls. Results showed that all

pregnant women (patients and controls) enrolled in this study were vitamin D de-

ficient (<20 ng/ml). However, mild COVID‐19 pregnant women were severely vita-

min D deficient (<12 ng/ml), which may suggest a link between vitamin D deficiency

and the symptomatology of COVID‐19 illness in singleton pregnancy. No differences

between the levels of CRP and the majority of the studied oxidative stress markers

in COVID‐19‐positive pregnant women (asymptomatic and/or mildly symptomatic

patients) versus COVID‐19‐negative pregnant women were found, suggesting the

absence or a low magnitude of oxidative stress in pregnant women with COVID‐19.

This may also explain the absence of severe courses of COVID‐19 infection. More

studies are warranted to investigate the role of vitamin D supplementation and

antioxidant‐rich diets in the prevention against severe forms of COVID‐19 in

pregnant women.
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID‐19) caused by the severe acute

respiratory syndrome coronavirus 2 (SARS‐CoV‐2), a novel betacor-

onavirus, has been declared as a global pandemic by the World Health

Organization (WHO) on March 11, 2020.1 Until today, the ongoing

COVID‐19 pandemic has affected >346 million people and killed >5.5

million people worldwide. It is thought that pregnant women constitute

a vulnerable population to COVID‐19 infection, owing to a myriad of

adaptive physiological modifications accompanying pregnancy, including

a relative immune suppression, edema of respiratory tract mucosa,

diaphragm elevation, and increased oxygen consumption.2–4 Even if it is

believed that immunosuppression is fundamental to a successful preg-

nancy (e.g., to render the mother immunologically tolerant to the fetus),

evidence has shown that maternal immune response is rather highly

dynamic, as the immunological stages change following the trimesters,

for example, switching from an anti‐inflammatory status, a landmark of

the second trimester, to a proinflammatory status during the third tri-

mester that is necessary for labor and delivery (reviewed in Re-

ference[5]). Compared with nonpregnant women of reproductive age, a

systematic review has shown that pregnant women present a sig-

nificantly higher susceptibility to develop severe COVID‐19.6 Other

factors were also considered as playing a significant role in the severity

of COVID‐19. This included higher BMI, increased maternal age, less

access to health care, comorbidities such as preexisting diabetes and

chronic hypertension, vitamin D and nutritional deficiencies, oxidative

stress, hyperactive microglia, human genetic variation such as certain

mutations inTYK2 and the genomic segment on chromosome 3 that has

been inherited from Neanderthals.6–10 For instance, in a large cohort

retrospective study, it has been suggested that pregnant women with

clinical comorbidities were more susceptible to COVID‐19 infection.11 It

has been further suggested that fetal sex influences maternal immune

responses (e.g., maternal titers of IgG antibodies) to SARS‐CoV‐2 during

pregnancy.12 Recently, the capacity of SARS‐CoV‐2 to infect and pro-

pagate in the placenta, a fetal‐derived tissue,12 has been demon-

strated.13 However, no association was found between COVID‐19 and

miscarriage, spontaneous preterm delivery, intrauterine fetal SARS‐

CoV‐2 infection, and the birth weight of newborns.3,14–16 Nevertheless,

in a prospective cohort study, although no SARS‐CoV‐2 vertical trans-

mission to newborns occurred, authors have rather found a high asso-

ciation between COVID‐19 and preeclampsia, preterm delivery, and

cesarean section compared with non‐COVID‐19 pregnant women.4

Such adverse COVID‐19 outcomes including stillbirth were also high-

lighted in a large cohort study,17 and it is thought that up to 40% of

women with COVID‐19 are concerned by the above‐listed pregnancy

complications.13 Divergences in results between researchers on COVID‐

19 outcomes in pregnant women could be explained by several factors.

This included the trimester of pregnancy when infection occurred, the

numerous forms of COVID‐19, including asymptomatic and mildly to

critical illness, the presence of comorbidities such as obesity and dia-

betes, women's age, SARS‐CoV‐2 viral load, the differences in the

control group used in the studies (e.g., non‐COVID‐19 pregnant women

or non‐pregnant women), among others.

In this retrospective study, healthy control pregnant women and

confirmed COVID‐19 patients without comorbidities including mildly

symptomatic and asymptomatic patients were enrolled in their third

trimester. We retrospectively evaluated the serum oxidative stress

status of pregnant women with and without COVID‐19, their in-

flammatory status, and also their serum vitamin D levels. To the best

of our knowledge, this is the first study that aimed to examine

whether oxidative stress disturbances and vitamin D deficiency were

associated with confirmed mild COVID‐19 and asymptomatic forms

during the third trimester of singleton pregnancy.

2 | MATERIALS AND METHODS

2.1 | Study design

Twenty healthy women, seven asymptomatic and eight mild COVID‐

19‐confirmed positive patients with a single pregnancy from the third

trimester were retrospectively enrolled in this study. From June 1,

2020 to June 1, 2021, a total of 453 women have consulted or were

being hospitalized in a gynecological service from two maternities

(Maternity of Mercy—Metz and Maternity of Bel‐Air—Thionville) in

the CHR Metz‐Thionville hospital located in Metz, France. Among

this cohort, only 38 women were diagnosed with confirmed COVID‐

19 infection, by nasopharyngeal swab and a real‐time reverse

transcriptase‐polymerase chain reaction (RT‐PCR) test. Among them,

only COVID‐19‐positive pregnant women in the third trimester of

pregnancy (i.e., ≥28 weeks of amenorrhea [WA]) were selected.

Twelve COVID‐19‐positive pregnant women were excluded from

this study, as serum samples were not collected within 15 days after

RT‐PCR positivity. One patient was also excluded because of the

insufficient volume of serum. Approximately 1ml was necessary to

carry out the different biochemical tests mentioned below. Thus, only

15 pregnant SARS‐CoV‐2‐infected women from the third trimester

with a serum sample (~1ml) collected within 15 days after the

RT‐PCR positivity were included.

The average age of COVID‐19‐positive women (n = 15) included in

this retrospective study was 30 years (range: 22−39), with a median

gestational age of 37 WA. Among them, seven COVID‐19 pregnant

women were diagnosed asymptomatic. Eight COVID‐19 pregnant wo-

men were symptomatic, suffering frommild symptomatic form (Table 1).

As for controls used in this study, 20 COVID‐19‐negative pregnant

women were selected from the above cohort, with the following in-

clusion criteria: singleton pregnancy in the third trimester with a serum

sample (~1ml) collected within 15 days after the RT‐PCR negativity.

The average age of the controls was 31 years (range: 20−35),

with a median gestational age of 37.5 WA.

Except for one patient with allergies, all pregnant women con-

trols as well as patients were without any comorbidity.

In this retrospective study, analyzed serum samples were leftovers in

CHR Metz‐Thionville hospital laboratories. They were processed in ac-

cordance with existing regulations and guidelines of the French Com-

mission for Data Protection (Commission Nationale de l'Informatique et
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des Libertés). They were completely anonymous, and it was not possible

to return to individual patient files. According to the French law, no

informed consent is required for processing leftover samples.

2.2 | Vitamin D concentrations

Serum 25‐hydroxyvitamin D (25(OH)D) concentrations (ng/ml) were

analyzed by a chemiluminescent immunoenzymatic method (two‐

step competitive binding), using an Automate UniCel DxI (Beckman

Coulter A98856).

2.3 | C‐reactive protein levels

C‐reactive protein (CRP) was used as a marker of inflammation. CRP

concentrations (mg/L) were evaluated in serums by immunoturbidimetry

using an Automate AU (Beckman Coulter A98856).

2.4 | Measurement of oxidative stress markers

In this study, all oxidative stress markers were assessed in the serum

of pregnant women (controls and patients) by colorimetric assays,

using kits purchased from ThermoFisher Scientific according to the

manufacturer's instructions. Concentrations were determined using a

standard curve provided with each kit. Thus, the activity (U/ml) of

superoxide dismutase (SOD) and catalase (CAT), two enzymatic an-

tioxidants, was evaluated at 450 and 560 nm, using a Colorimetric

Activity Kit (Reference EIASODC) and a Catalase Colorimetric Ac-

tivity Kit (Reference EIACATC), respectively. In addition, glutathione

levels (μM), including reduced (GSH) and oxidized (GSSG) forms, were

evaluated using the Glutathione Colorimetric Detection Kit (Re-

ference EIAGSHC) at 405 nm. The level (μM) of hydrogen peroxide

(H2O2), a component of reactive oxygen species (ROS), was assessed

at 620 nm, using the Pierce™ Quantitative Peroxide Assay Kit (aqu-

eous) (Reference 23280). Moreover, the total antioxidant capacity

(μM) was measured by the mean of the ferric reducing ability of

plasma (FRAP) test, at 560 nm, using the Ferric Antioxidant Status

Detection kit (Reference EIAFECL2). Colorimetric (OD) measure-

ments were done by a BioRad PR41000 microplate reader.

2.5 | Statistical analyses

All data were analyzed based on non‐parametric statistical tests. The

Kruskal–Wallis test was used to compare between‐group variables,

followed by the Wilcoxon−Mann−Whitney test that was used to

compare patients (asymptomatics and/or symptomatics) to the con-

trols. The data were reported as the median (interquartile range

[IQR]). Significance was set at p ≤ 0.05. All of the statistical analyses

were performed using R statistical software.

TABLE 1 SARS‐CoV‐2‐infected pregnant women included in the study: age, date of positive RT‐PCR test, comorbidities, and type of
COVID‐19

Patient Age (years) RT‐PCR positivity date Comorbidities COVID‐19 illness Symptoms

1 38 34 WA No Asymptomatic /

2 33 41 WA No Asymptomatic /

3 30 39 WA No Asymptomatic /

4 26 36 WA No Asymptomatic /

5 31 37 WA No Asymptomatic /

6 29 38 WA No Asymptomatic /

7 28 39 WA No Asymptomatic /

8 27 36 WA No Mild Anosmia + ageusia

9 31 40 WA No Mild Anosmia + ageusia

10 25 40 WA No Mild Cough + dyspnea

11 34 35 WA No Mild Dyspnea

12 30 34 WA No Mild Coughing

13 28 41 WA No Mild Anosmia + ageusia

14 22 34 WA Allergies Mild Headache

15 39 34 WA No Mild Oxygen requirement + dyspnea

Note: Asymptomatic (n = 7); mild‐COVID‐19 patient (n = 8).

Abbreviations: RT‐PCR, reverse transcriptase‐polymerase chain reaction; WA, weeks of amenorrhea.
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3 | RESULTS

Serum vitamin D concentrations were significantly lower in mild

COVID‐19 pregnant women (10.35 [8.27] ng/ml) compared with

healthy pregnant controls (19.02 [8.35] ng/ml) (p < 0.05). However,

no significant differences were found between asymptomatic

COVID‐19 pregnant women (13.04 [10.74] ng/ml) and healthy

pregnant controls (19.02 [8.35] ng/ml) (p > 0.05). Nevertheless, the

difference between mild COVID‐19 patients and asymptomatic pa-

tients was found significant (p = 0.05). When all COVID‐19‐positive

pregnant women (asymptomatic and symptomatic patients) (10.34

[12.30] ng/ml) were considered together, pooled results showed a

significantly decreased concentration in COVID‐19‐positive patients

compared with controls (p = 0.05) (Figure 1).

As for CRP concentrations, no significant differences were found

between asymptomatic and/or symptomatic pregnant women and

healthy pregnant controls (all p > 0.05) (Figure 2).

Concerning all oxidative stress markers assessed in this study, no

significant differences were found between either asymptomatic or

symptomatic pregnant women and healthy pregnant controls (all

p > 0.05). GSH level was found significantly higher in symptomatic pa-

tients compared with asymptomatic (p < 0.05). When all COVID‐19‐

positive pregnant women (asymptomatic and symptomatic patients)

were considered together, pooled results showed a significantly higher

level of GSH and H2O2 in COVID‐19‐positive pregnant women com-

pared with healthy pregnant women (both p < 0.05) (Figure 3).

4 | DISCUSSION

Pregnancy is regarded as a unique biological or immunological state

that favors increased vulnerability to infections, including more se-

vere COVID‐19.12,18 Vitamin D plays an important role in the

immune system and many physiological functions, acting as an anti‐

inflammatory, antiviral, and antioxidant agent, among others.10,18

Vitamin D deficiency constitutes a widespread health issue among

pregnant women that may aggravate pregnancy outcomes, for ex-

ample, by increasing the risk of gestational diabetes, pre‐eclampsia,

and preterm birth.19–21 Interestingly, a strong relationship was ob-

served between vitamin D deficiency and both COVID‐19 positivity

and COVID‐19 severity.10,22 For example, in a retrospective cohort

study enrolling 227 COVID‐19 patients, it was found that 94% had

vitamin D deficiency, and it was estimated that severe vitamin D

deficiency was 30% higher in COVID‐19 patients than in the general

population.10 In the present study, we have found a significantly

lower level of vitamin D in mild COVID‐19 pregnant women com-

pared with pregnant women without COVID‐19. Vitamin D in-

sufficiency, deficiency, and severe deficiency are generally

established when the serum 25(OH)D level is below 30 ng/ml, 20 ng/

ml, and 12 ng/ml, respectively.23 This suggests that mild COVID‐19

pregnant women (10.35 ng/ml) had a more severe deficiency com-

pared with asymptomatic COVID‐19 pregnant women (13.04 ng/ml)

and non‐COVID‐19 pregnant women (19.02 ng/ml) (Figure 1). When

we consider all COVID‐19‐positive pregnant women together,

pooled results further showed that SARS‐CoV‐2‐infected pregnant

women were severely vitamin D‐deficient compared with uninfected

pregnant women (10.34 vs. 19.02 ng/ml) (Figure 1). Our results are in

keeping with previous data showing vitamin D deficiency in both

pregnant women with and without COVID‐19 (12.46 ng/ml vs.

18.76 ng/ml, respectively).19 Additionally, pregnant women with

moderate/severe COVID‐19 presented severe vitamin D deficiency

(9.06 ng/ml) in comparison with pregnant women with mild COVID‐

19 (13.69 ng/ml).19 In contrast, in another study, vitamin D levels

were not associated with the severity of COVID‐19 during preg-

nancy, as similar levels of vitamin D deficiency were found in COVID‐

19‐negative‐ and COVID‐19‐positive pregnant women.24

CRP, an acute‐phase plasma protein synthesized in response to

proinflammatory cytokines, constitutes a commonly used clinical

biomarker to detect systemic inflammation,25,26 and was found

F IGURE 1 Serum vitamin D (25(OH)D) concentrations (ng/ml) in
COVID‐19 pregnant women (n = 15) and non‐COVID pregnant
women (n = 19) during the third trimester. *p ≤ 0.05 significantly
different from the controls. #p ≤ 0.05 significantly different from
asymptomatic COVID‐19 pregnant women. All COVID‐19 patients
were constituted by asymptomatic (n = 7) and mild symptomatic
(n = 8) patients. Data are shown as box plots, indicating the median
and the 25th and 75th percentiles

F IGURE 2 C‐reactive protein (CRP) levels (mg/L) in COVID‐19
pregnant women (n = 14) and non‐COVID pregnant women (n = 12).
All COVID‐19 patients were constituted by asymptomatic (n = 6) and
mild symptomatic (n = 8) patients. Data are shown as box plots,
indicating the median and the 25th and 75th percentiles
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elevated in certain forms of COVID‐19 illness.27,28 It has been argued

that in SARS‐CoV‐2‐infected individuals, the hyper‐inflammatory

state concerns only patients with moderate/severe to critical COVID‐

19 infection but not asymptomatic ones and patients with mild

COVID‐19.27,28 In line with this, our results revealed no significant

differences between COVID‐19‐positive pregnant women (asymp-

tomatic and/or symptomatic patients) versus healthy pregnant wo-

men with regard to CRP values (Figure 2). Despite this observation,

our results however showed that 92.8% of SARS‐CoV‐2‐infected

pregnant women were diagnosed with inflammation (CRP ≥ 5mg/L)

in contrast to only 75% of control pregnant women. The magnitude

of systemic proinflammatory responses to SARS‐CoV‐2 infection is

strongly associated with sickness symptoms, and thus with the se-

verity of COVID‐19.27,28

It has been further postulated that oxidative stress,29 which re-

presents an imbalance of the oxidant/antioxidant equilibrium in favor of

the harmful pro‐oxidant state, may play an important role in the cascade

of inflammatory reactions during COVID‐19 infection, and in turn, in the

severity of the illness.30–34 Oxidative stress and inflammation have a

bidirectional relationship, as each of these two harmful conditions can

induce the other one, leading to a negative vicious circle.35–37

To the best of our knowledge, our work constitutes the first

study evaluating serum oxidative status of pregnant women with

COVID‐19 infection versus healthy control pregnant women during

the third trimester of pregnancy. Previously, placental oxidative

stress in mothers with COVID‐19 illness has been found.35 In the

present study, we have evaluated oxidative stress markers including

GSH, GSSG, CAT, SOD, H2O2, and total antioxidant capacity (FRAP

measure) in pregnant women with or without SARS‐CoV‐2 infection

(Figure 3). No significant differences were found between either mild

COVID‐19 pregnant women or asymptomatic SARS‐CoV‐2‐infected

pregnant women compared with healthy pregnant women, suggest-

ing the absence of oxidative stress disturbances in COVID‐19 pa-

tients. However, when we consider all COVID‐19‐positive pregnant

women together, among all oxidative stress markers, pooled results

showed only significant increases of H2O2 production and GSH levels

in SARS‐CoV‐2‐infected pregnant women compared with uninfected

pregnant women, suggesting the absence or even a low magnitude of

oxidative stress in asymptomatic to mild symptomatic COVID‐19

patients. It is important to highlight that our results showed no sig-

nificant differences among pregnant women with regard to the ac-

tivity levels of antioxidant‐related enzymes including SOD, which is

involved in the detoxification of superoxide radicals (O2
.−), and CAT,

which is implicated in the detoxification of H2O2, the major compo-

nent of intracellular ROS in vivo.29 The level of GSH, the most pre-

valent endogenous nonenzymatic antioxidant that is functioning as

an important cellular redox buffer antioxidant,29 even upregulated, it

was not depleted, which suggests the absence of oxidative stress

disturbances in asymptomatic and symptomatic COVID‐19 pregnant

women. This assumption was also highlighted by nonsignificant dif-

ferences with regard to the oxidized form of GSH (GSSG) among

pregnant women groups (Figure 3). In addition, the total antioxidant

capacity of serum nonenzymatic antioxidants, measured by FRAP

test, showed no difference between pregnant women groups

(Figure 3). FRAP measures reflect the contribution of both en-

dogenous nonenzymatic antioxidants such as GSH and uric acid as

well as exogenous antioxidants.38 Among nutrients and non‐nutrients

that may contribute to the ferric reducing ability (FRAP) of plasma/

serum, we can list, vitamin C, vitamin E, polyphenols, and so forth.

Overall, our results were in favor of the absence or even a low level

of oxidative stress in COVID‐19‐positive pregnant women compared

with healthy pregnant women.

F IGURE 3 Oxidative stress markers in COVID‐19 pregnant women (n = 15) and non‐COVID pregnant women (n = 19−20) during the third
trimester. (A) Superoxide dismutase (SOD) activity expressed in (U/ml). (B) Catalase (CAT) activity expressed in (U/ml). (C) Reduced glutathione
levels (GSH) expressed in μM. (D) Oxidized glutathione levels (GSSG) expressed in μM. (E) Hydrogen peroxide (H2O2) concentrations expressed
in μM. (F) FRAP values reflecting the total antioxidant capacity (μM) were expressed in μM. *p < 0.05 significantly different from the controls.
#p < 0.05 significantly different from asymptomatic COVID‐19 pregnant women. All COVID‐19 patients were constituted by asymptomatic
(n = 7) and mild symptomatic (n = 8) patients. Data are shown as box plots, indicating the median and the 25th and 75th percentiles. FRAP, ferric
reducing ability of plasma
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5 | STRENGTHS AND LIMITATIONS

The main strengths of the present study were its novelty, its focus on

the third trimester of singleton pregnancy, and its design enrolling

COVID‐19 patients without comorbidities and controls constituted

by healthy pregnant women. However, the main limitation of this

retrospective study is the small sample size. In addition, this study did

not follow the course of COVID‐19 infection in pregnant patients.

6 | CONCLUSION

This study highlighted vitamin D deficiency during the third trimester

of pregnancy in both COVID‐19‐negative and COVID‐19‐positive

pregnant women. It is important to note that Metz is a city located in

the north‐east of France, and it is a less sunny region, which may

explain, at least partially, vitamin D deficiency in pregnant women

enrolled in this study. However, the deficiency was more severe in

mild COVID‐19, which suggests, at least to some extent, a link be-

tween vitamin D deficiency and the symptomatology of COVID‐19

illness in pregnancy. Our study has further highlighted the absence or

a low magnitude of oxidative stress in COVID‐19‐positive (asymp-

tomatic and symptomatic) pregnant women compared with healthy

pregnant controls. This could explain the absence of severe cases of

COVID‐19 symptoms in the present study. More studies are neces-

sary to investigate the role of vitamin D supplementation and

antioxidant‐rich diet in the prevention against severe forms of

COVID‐19 in pregnant women.
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