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COVID-19, the disease caused by SARS-CoV-2 has reached pandemic proportions worldwide, with considerable

consequences for both health and the economy. In pregnant women, COVID-19 can alter the metabolic

environment, iron metabolism, and oxygen supply of trophoblastic cells, and therefore have a negative influence on

pregnant women and mechanisms of fetal development, with implications in the postnatal life. The purpose of this

study was to investigate, for the first time, the effects of COVID-19 infection during pregnancy with regard to the

oxidative/antioxidant status in mothers’ serum and placenta, together with placental iron metabolism. Results

showed no differences in superoxide dismutase activity and placental antioxidant capacity. However, antioxidant

capacity decreased in the serum of infected mothers. Catalase activity decreased in the COVID-19 group, while an

increase in 8-hydroxy-2’-deoxyguanosine, hydroperoxides, 15-FT-isoprostanes, and carbonyl groups were

recorded in this group. Placental vitamin D, E, and Coenzyme-Q10 also showed to be increased in the COVID-19

group. As for iron-related proteins, an up-regulation of placental DMT1, ferroportin-1, and ferritin expression was

recorded in infected women. Due to the potential role of iron metabolism and oxidative stress in placental function

and complications, further research is needed to explain the pathogenic mechanism of COVID-19 that may affect

pregnancy, so as to assess the short-term and long-term outcomes in mothers’ and infants’ health.
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1. Introduction

Novel coronavirus infection (COVID-19) is caused by SARS-CoV-2. The first case was reported in December 2019,

and since then the disease has quickly spread worldwide reaching pandemic dimensions. The infection typically

occurs in most patients with manifestations that include fever, cough, fatigue, shortness of breath, and frequent

pneumonia. Estimates from the World Health Organization (WHO) indicate that global mortality rate ranges

between 3–4%, with a high proportion of patients requiring admission to intensive care units. This results in high

economic costs, related to increased investment in health care and restrictions that affect circulation and trade .

Pregnancy presents characteristics that make pregnant women more susceptible to respiratory diseases and the

pneumonia development, this being one of the most prevalent non-obstetric infections in pregnant women .

These characteristics are associated with some changes that include: increased oxygen consumption, elevated

diaphragm, and airway edema, which makes pregnant women much more intolerant to hypoxia. This elevated

susceptibility was observed during the H1N1 (Influenza A) outbreak in 2009, in which pregnant women were four
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times more likely to be admitted to hospital than the rest of the population . In the event that a pregnant woman

gets a serious respiratory infection, the most frequent complications are: premature rupture of membranes,

intrauterine growth restriction, premature delivery, and fetal death .

Due to the rapid expansion of the pandemic, its health and economic implications, and the increased susceptibility

for pregnant women to suffer its consequences, it is necessary to conduct deeper research on the effects of the

virus during pregnancy and the prediction of possible adverse outcomes in maternal and fetal health. To date,

although there have been several studies on COVID-19 during pregnancy, most of the clinical studies available

only include a few cases (due to the low cumulative incidence among this group of population), and all of them

report on routine parameters, which shows a lack of knowledge of the implications of infection during the

gestational process and its sequels in maternal-fetal health .

The placenta constitutes the active interface between the maternal and fetal blood circulations, regulating

physiological changes in mother and fetus, and playing a key role in the development of many pregnancy

complications. This organ maintains fetal homeostasis by performing a wide range of physiological functions, which

after birth, are carried out by the kidney, gastrointestinal tract, lungs, and endocrine glands of the newborn. In

pregnant women, COVID-19 can alter the oxygen supply of trophoblastic cells , thus affecting placental function.

Moreover, oxidative stress caused by this infection is able to induce direct tissue damage, including in placenta,

which would negatively affect the gestation process , especially in situations of great oxidative aggression such

as pregnancy and childbirth .

On the other hand, iron plays a crucial role in pregnancy and fetal development  and can be altered by the

hepcidin-like activity of SARS-CoV-2. This virus induces significant dysregulation on iron metabolism, with high

levels of ferritin and ferroptosis , which could compromise the oxygen transport to trophoblasts and induce

several cell impairments . In addition, hepcidin-induced hypoferremia induced by SARS-CoV-2 impairs primary

and memory responses to immunization, and the high levels of hepcidin inhibits adaptive immune responses to

pathogens, indicating that serum iron, regulated by hepcidin, is an important and potentially targetable control point

for immunity . The pro-inflammatory state associated to iron homeostasis dysregulation plays a key role in

pathogenesis of disease and the hyper-ferritinemia due to SARS-CoV-2 being associated with iron toxicity because

of ferritin leakage and free iron released by damaged tissues. Therefore, iron metabolism should be investigated in

COVID-19 patients to monitor the clinical course of the disease, to predict negative prognosis .

Nevertheless, in spite of the importance of oxidative stress and iron metabolism in fetal development, there are just

a few studies available in the scientific literature about COVID-19 in pregnant women, and they record just some

clinical manifestations generally near late preterm and delivery , without elucidating the crucial role of both

factors during pregnancy and its maternal-fetal implications. Taking into account all that mentioned above, the

purpose of this study was to investigate, for the first time, the effects of COVID-19 during pregnancy on the

oxidative/antioxidant status and iron metabolism, an unexplored scientific field with noteworthy clinical and social

implications.
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2. Results

Table 1 shows the clinical characteristics (including the haematological and biochemical parameters measured in

the hospital) of the mothers participating in this study. No statistically significant differences were observed

between groups for age, weight, height, BMI, parity, or delivery method. In the biochemical parameters shown,

differences were only found in serum Fe concentrations with lower values in the COVID-19 group compared to the

control group (p < 0.01).

Table 1. Clinical characteristics of healthy mothers (n = 61) and those who suffered COVID-19 (n = 63).

BMI: Body mass Index; T: Term; V: Vaginal; A: Assisted Vaginal Delivery; C: Cesarean. ** Significantly different

from the control group (p < 0.01, Student’s t test).

With regard to the antioxidant systems studied (Table 2), results showed no differences in SOD and antioxidant

capacity of placenta, while total antioxidant capacity decreased in serum of mothers suffering from COVID-19 (p <

0.05). On the other hand, CAT activity decreased in the COVID-19 group (p < 0.01 in placenta and p < 0.05 in

serum), while an increase in 8-hydroxy-2’-deoxyguanosine (8-OHdG) (p  < 0.01 for placenta and serum),

hydroperoxides (p  < 0.001 for placenta), 15-FT-isoprostanes (p  < 0.01 for placenta and serum), and carbonyl

groups (p < 0.001 for placenta and p < 0.05 for serum) were recorded in the COVID-19 group.

  Control COVID-19

Age (years) 31.58 ± 1.09 31.96 ± 0.78

Weight (kg) 73.69 ± 2.55 74.12 ± 2.67

Length (cm) 166.83 ± 1.03 163.97 ± 0.68

BMI (kg/m ) 26.31 ± 1 27.3 ± 0.8

Parity
Uni (%): 52.22 53.14

Multi (%): 47.28 46.86

Delivery method

V (%): 56.2 58.7

A (%): 21.8 19.9

C (%): 21.8 23.8

Hemoglobin
2nd T (g/L)

11.88 ± 0.23 11.53 ± 0.13

Hemoglobin
3rd T (g/L)

11.96 ± 0.23 11.72 ± 0.17

Hematocrit
2nd T (%)

35.32 ± 0.61 34.11 ± 0.37

Hematocrit
3rd T (%)

35.70 ± 0.63 34.82 ± 0.47

Serum Iron
3rd T (µg/dL)

97.05 ± 14.35 60.14 ± 9.87 **

2



COVID-19 during Gestation | Encyclopedia.pub

https://encyclopedia.pub/entry/18840 4/7

Table 2. Oxidative/antioxidant parameters in placenta and serum of healthy mothers (n = 61) and those who have

suffered COVID-19 (n = 63).

Data are shown as the mean values ± SEM. Significantly different from the control group (* p < 0.01, ** p < 0.01,

*** p < 0.001, Student’s t test).

Table 3 summarizes antioxidant vitamins in placenta and serum. In placenta, Vitamin D, E, and Coenzyme Q10

(CoQ10) showed to be increased in the COVID-19 group (p < 0.01 for vitamin D and E; p < 0.05 for CoQ10. In

serum, only vitamin E levels showed an increase (p < 0.05), but no differences were found for vitamin D, CoQ10,

and A.

Table 3. Antioxidant vitamins in placenta and serum of healthy mothers (n  = 61) and those who have suffered

COVID-19 (n = 63).

Data are shown as the mean values ± SEM. Significantly different from the control group (* p < 0.05, ** p < 0.01,

Student’s t test).

Mineral levels in placenta are shown in Table 4. Mn and Fe were increased in the COVID-19 group (p < 0.01),

while no differences between groups were found for Se, Ba, Cu, and Zn.

Table 4. Minerals in placenta of healthy mothers (n = 61) and those who have suffered COVID-19 (n = 63).

  Placenta Serum
  Control COVID-19 Control COVID-19

ABTS (mmol/L Trolox) 3.09 ± 0.15 3.11 ± 0.11 3.34 ± 0.175 2.78 ± 0.161 *

SOD (mU/mg protein) 440.02 ± 40.14 430.25 ± 30.69 4.45 ± 0.43 3.92 ± 0.29

CAT (mU/mg protein) 186.18 × 10  ± 9.28 168.72 × 10  ± 5.10 ** 77.01 ± 5.90 62.86 ± 2.86 *

8-OhdG (ng/mL) 283.70 ± 7.98 316.12 ± 6.95 ** 75.82 ± 2.85 82.38 ± 1.51 **

Hydroperoxides (µM) 40.73 ± 2.47 48.02 ± 1.90 *** 1.51± 0.27 1.12 ± 0.20

Isoprostanes (ng/mL) 35.30 ± 1.31 39.85 ± 0.57 ** 4.35 ± 0.87 8.85 ± 0.22 **

Carbonyl groups
(nmol/mg protein)

12.74 ± 0.67 16.37 ± 0.84 *** 1.385 ± 0.026 1.601 ± 0.054 *

3 3

    Control COVID-19

Placenta
(µg/mg protein)

Vitamin D 12.45 ± 0.58 14.06 ± 0.51 **

Vitamin E 64.80 ± 6.87 93.47 ± 7.27 **

Coenzyme Q10 82.09 ± 4.06 92.13 ± 2.84 *

Serum
(µmol/L)

Vitamin D 46.35 ± 2.59 53.22 ± 3.00

Vitamin E 23.10 ± 2.35 29.47 ± 1.59 *

Coenzyme Q10 0.44 ± 0.02 0.48 ± 0.03

Vitamin A 2.29 ± 0.20 2.72 ± 0.28

  Control COVID-19

Mn (µg/g DM) 3.93 ± 0.92 7.47 ± 1.07 **



COVID-19 during Gestation | Encyclopedia.pub

https://encyclopedia.pub/entry/18840 5/7

DM: dry matter; Data are shown as the mean values ± SEM. Significantly different from the control group (** p <

0.01, Student’s t test).

Expression of iron-regulatory proteins in placenta is shown in Figure 2 and Figure 3. An up-regulation of placental

DMT1, FPN1, and ferritin expression was recorded in placentas of women who suffered the infection compared to

healthy women (p < 0.01 for DMT1 and p < 0.001 for FPN1 and ferritin).

Figure 2. Inmunoblots representing placental protein expression of DMT1, FPN1, β-Actin y Ferritin in healthy and

COVID-19 groups of mothers.

Figure 3. Placental iron metabolism protein expression in healthy and COVID-19 group of mothers. (A) Divalent

Metal Transporter 1 (DMT1); (B): Ferroportin 1; (C): Ferritin. Values are expressed as % vs. β-actin. Significantly

different from the control group (** p < 0.01, *** p < 0.001, Student’s t test).

  Control COVID-19

Se (µg/g DM) 7.47 ± 0.63 7.40 ± 0.64

Ba (µg/g DM) 0.47 ± 0.07 0.36 ± 0.03

Cu (µg/g DM) 8.66 ± 0.57 8.72 ± 0.38

Zn (µg/g DM) 49.18 ± 2.18 49.62 ± 1.51

Fe (mg/g DM) 3.54 ± 0.40 5.39 ± 0.45 **
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