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Abstract: Background:  Severe acute respiratory syndrome coronavirus 2 (COVID-19) can result in systemic 

inflammatory reactions that could disrupt endocrine and placental physiology in the course of pregnancy. The presence 

of the key pregnancy-supportive hormones, which are critical to keep the gestation and placental activity, includes 

progesterone, estradiol, and 2-human chorionic gonadotropin (2-hCG), whereas cortisol and thyroid-stimulating 

hormone (TSH) indicates the maternal stress and thyroid-regulatory pathways. Although the evidence of COVID-19-

induced changes in physiological changes is accumulating, the impact of severe infection on maternal hormonal profiles 

during pregnancy is not defined well enough. Aim  :This research was meant to assess the effect of severe COVID-19 

on chosen maternal hormonal parameters in second-trimester pregnant women. Methods  :The study was a hospital-

based case-control study carried out at Al -Nasiriyah Teaching Hospital in Dhi Qar Province in the year 2020. It involved 

200 pregnant women between the ages of 25 and 40 years with a gestation period of 1620 weeks. The sample was split 

into two groups of which 100 women were confirmed to have severe COVID-19 that needed oxygen therapy and 100 

healthy pregnant controls. Each of the participants was a singleton, with comparable body weight (73 75 kg), and chronic 

disease or thyroid disorders were excluded. Blood samples were taken to the venous blood used to measure serum 

progesterone, estradiol (E2), 8-hcg, cortisol and TSH concentrations in the serum by the use of enzyme linked 

immunosorbent assay (Elisa) kit. The levels of hormones in the infected group were measured about one month after 

infection and statistical comparisons with the appropriate parametric or non-parametric tests were conducted on the 

levels. Results :  The women with the worst cases of COVID-19 had much lower progesterone, estradiol and 2-hCG 

levels than the controls. On the other hand, the levels of cortisol were dramatically increased in the infected group, 

whereas the levels of TSH have decreased slightly but significantly. Conclusions :  Major endocrine changes in severe 

COVID-19 in the second trimester comprise low placental hormones, high cortisol, and low TSH. These results indicate 

possible effects of a serious case of viral infection on placental endocrine functions and maternal stress mechanisms, 

and hormonal surveillance of such pregnancies is critical. 

Keywords: SARS-CoV-2; COVID-19; pregnancy; second trimester; progesterone; estradiol; β-hCG; cortisol; TSH; 

maternal hormones. 
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1. INTRODUCTION 
The worldwide manifestation of COVID-19 

which was caused by Severe-acute respiratory syndrome 

coronavirus 2 has been met with immense health issues 

all over the world and has brought up issues concerning 

the vulnerable groups especially pregnant women. 

Pregnancy is associated with an intricate system of 

physiological, immunologic, and hormonal changes that 

could contribute to the predisposition to viral infections 

and the severity of the disease. A number of clinical 

reports have suggested that pregnant women infected 

with SARS-CoV-2 can develop more adverse outcomes 

than their non-pregnant counterparts, such as respiratory 

complications, higher rates of hospitalization, and 

negative obstetric outcomes such as preterm birth and 

preeclampsia [1-2]. The process of pregnancy is set with 

a complex endocrine control that promotes fetal 

development and maternal-fetal homeostasis. The 
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placenta mainly secretes hormones that include 

progesterone, estradiol and 2-human chorionic 

gonadotropin (2-hCG) and these are vital in pregnancy 

sustainment. The roles of progesterone, estradiol, and 2 -

hCG in uterine quiescence, maternal immune tolerance, 

uterine blood flow, placental development, and corpus 

luteum functioning, respectively. The disruptions in such 

hormonal pathways can hinder the functioning of the 

placenta and worsen pregnancy complications. There is 

growing evidence that viral infections may cause 

endocrine pathway dysregulation by systemic 

inflammation, immune dysfunction, and potential direct 

endocrine gland or placental tissue actions [3-4]. The 

placenta is an important endocrine gland besides a 

physical barrier that separates maternal and fetal blood. 

Recent research studies have revealed SARS-CoV-2 

infection in pregnancy could cause structural and 

functional changes in placental tissue. Defects of the 

vascularity, thrombosis, and villous edema as well as 

evidence of disrupted maternal-fetal circulation in the 

placenta of the infected mothers have been reported 

using histopathology. Pathological observations of this 

nature imply that the process of placental perfusion and 

endocrine functions could be impaired by the presence of 

viral infection, which can have an impact on the 

production and maintenance of pregnancy-related 

hormones [5-6]. Systemic endocrine pathways can also 

be impaired in response to SARS-CoV-2 infection in 

addition to placental hormones. The Hypothalamic-

pituitary-adrenal axis (HPA) axis aids the secretion of 

cortisol that is important in physiological response to 

stress and infection. The state of severe illness and 

systemic inflammation is often related to an elevated 

level of cortisol which is the adaptive stress response of 

the body. It has been commonly noted that high cortisol 

levels are associated with patients having severe 

COVID-19 and can affect immune and metabolic 

functions. Viral infection may also affect thyroid 

functioning. During pregnancy, thyroid hormones are 

necessary in metabolism and neurodevelopment of the 

fetus. A number of the researches have documented 

changes in the thyroid parameters such as thyroid-

stimulating hormone (TSH) among patients with 

COVID-19. Such changes can be caused by the activity 

of inflammatory cytokines, the systemic stress reaction, 

or the direct virus impact on the endocrine tissues [7-8]. 

The other critical process involved in SARS-CoV-2 

pathophysiology is its connection with host cellular 

receptors, including angiotensin-converting enzyme-2 

(ACE2). The ACE2 receptors are abundant in different 

tissues such as the placenta, ovaries and endometrium. 

Reproductive and endocrine functions can be affected by 

viral entry by these receptors. Recent literature has 

proposed that SARS-CoV-2 infection can impact the 

reproductive health of women by disruptions in 

hormonal control, ovarian activity, and menstrual cycles 

(915). Although the studies on obstetric outcome among 

pregnant women with COVID-19 are growing, the 

implications of SARS-CoV-2 infection on maternal 

hormonal patterns during pregnancy have not been 

thoroughly studied. The second trimester is a crucial 

phase of placental growth and hormonal level 

stabilization and any alteration of endocrine balance 

during this time may impact maternal well-being and 

fetal development. Thus, the current study experiment 

sought to examine how severe COVID-19 affects the 

subsequent maternal hormonal profiles such as 

progesterone, estradiol (E2), 9-hCG, cortisol, and TSH 

in second-trimester pregnant women who attended Al-

Nasiriyah Teaching Hospital in Dhi Qar Province to help 

explain possible endocrine changes in response to severe 

infection during pregnancy. 

 

2. MATERIALS AND METHODS  
Study design, setting, and period 

The study is a case-control case study based in 

a hospital, Al-Nasiriyah Teaching Hospital, Dhi Qar 

Province, Iraq, in the year 2020. 

 

Participants: 200 pregnant women (2540 years) 

in the second trimester (1620 weeks of gestation) were 

recruited and randomly assigned to : 

Severe COVID-19 group (cases): n = 100 

Healthy control group (controls): n = 100 . 

 

The participants were similar in terms of the 

range of maternal weight (7375 kg), singleton 

pregnancies, and no chronic disease or thyroid disorders 

history . 

 

Case and control: Cases were pregnant women with 

laboratory-confirmed SARS-CoV-2 infection (RT-PCR 

positive) during the index pregnancy and severe disease 

necessitating supplemental oxygen (all cases needed 

oxygen therapy). After the samples were collected, 

hormonal measurements were done at approximately 16 

weeks of gestation, at a time when participants were of 

16 20 weeks of gestation. The treatment protocol 

followed in all of the cases was identical as per the 

hospital guidelines . 

 

The controls were healthy pregnant women who 

were getting routine antenatal care in the same hospital 

and time. Cases and control group were treated equally 

by means of laboratory tests. 

 

Laboratory tests and blood samples: The blood 

samples were taken through venous blood samples, and 

the serum was centrifuged based on the standard 

procedures. ELISA determined serum levels of 

progesterone (ng/mL), estradiol (E2; pg/mL), 2-hCG 

(mIU/mL), cortisol (250 ug/dL), and TSH (mIU/mL) by 

the manufacturer guidelines along with in house quality-

control . 

 

Statistical analysis: Normality tests were done on 

continuous variables and shown as mean SD (or median 

IQR where non-normal). The independent samples t-test 

was used or the Mann Whitney U-test in case of between-

group comparisons. Stratification of analyses was further 
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done using gestational age (1618 vs 1920 weeks old). A 

p less than 0.05 on either side was taken to be statistically 

significant. 

 

Ethics: The institutional committee that was used made 

an ethical approval and the informed consent was written 

and signed by all participants. 

 

3. RESULTS 
The analysis was based on 200 pregnant women 

in the second trimester (1620 gestation weeks) who 

includes 100 pregnant women with severe SARS-CoV-2 

infection and 100 healthy pregnant controls. The two 

groups were similar in terms of maternal age and weight 

and had a history of neither chronic nor thyroid disorders. 

 

Table 1 has demonstrated that there were 

notable differences in a number of the hormonal 

parameters between the two groups. Pregnant women 

who had a severe case of COVID-19 had pronouncedly 

low levels of progesterone (36.5 ± 9.8 ng/mL) as 

compared to the healthy controls (44.7 ± 10.7 ng/mL) 

with a mean difference of -8.2 ng/mL (p < 0.001). On the 

same note, estradiol E2 (E2) was largely lower in the 

severe Covid-19 (4,876 ± 1,321 pg/mL) compared to the 

controls (5,726 ± 1,440 pg/mL; p < 0.001) . 

 

Furthermore, the concentration of β-human 

chorionic gonadotropin (2-hCG) was also significantly 

lower in the groups of the infected individuals (18,052 

6,451 mIU/mL) than in healthy pregnant women (22,351 

6,900 mIU/mL; p < 0.001). The decreases of placental-

related hormones are represented in Figures 1 to 3 . 

 

On the other hand, the mean cortisol level of 

serum of pregnant women with severe COVID-19 (32.3 

± 8.1 µg/dL) was significantly higher than the control 

(24.8 ± 6.5 µg/dL), and the difference between the means 

is significant (7.6 µg/dl) as shown in Figure 4 . 

 

In terms of thyroid activity, TSH levels differed 

in the severe COVID-19 group (0.93 ± 0.47 mIU/L) and 

the control group (1.29 ± 0.62 mIU/L) with a slight 

significant difference of p = 0.002 as depicted in Figure 

5. 

 

Altogether, these results suggest that serious 

SARS-CoV-2 infection in the second trimester is 

accompanied by a substantial change in maternal 

hormonal profiles, with a lower level of placental 

hormones (progesterone, estradiol, and 5 -hCG) and an 

increase in the level of stress-related cortisol, but a slight 

drop in TSH. These differences are graphically 

demonstrated in Figures 1-5 which clearly prove the 

statistically significant hormonal changes as summarized 

in Table 1. 

 

Table 1: Hormonal comparison in pregnancies with severe COVID-19 infection in comparison to healthy controls 

during the second trimester 

Hormone Severe COVID-19 group 

(n=100) Mean ± SD 

Healthy control group 

(n=100) Mean ± SD 

Mean difference P value 

Progesterone(ng/mL) 36.5 ± 9.8 44.7 ± 10.7 −8.2 <0.001 

Estradiol(E2) (pg/mL) 4,876 ± 1,321 5,726 ± 1,440 −850 <0.001 

β-hCG (mIU/mL) 18,052 ± 6,451 22,351 ± 6,900 −4,300 <0.001 

Cortisol (µg/dL) 32.3 ± 8.1 24.8 ± 6.5 +7.6 <0.001 

TSH (mIU/L) 0.93 ± 0.47 1.29± 0.62 −0.36 0.002 

 

 
Figure 1: Serum progesterone levels in severe COVID-19 and healthy pregnant women 
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Figure 2: Serum estradiol (E2) levels in severe COVID-19 and healthy pregnant women 

 

 
Figure 3: Serum β-hCG levels in severe COVID-19 and healthy pregnant women 

 

 
Figure 4: Serum cortisol levels in severe COVID-19 and healthy pregnant women 
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Figure 5: Serum TSH levels in severe COVID-19 and healthy pregnant women 

 

4. DISCUSSION  
The current case-control research problem was 

the effect of severe COVID-19 due to Severe-acute 

respiratory syndrome coronavirus 2 on maternal 

hormonal profiles during the second trimester of 

pregnancy. The results indicated evident endocrine 

changes in the pregnant women who had recovered 

following severe infection, with a total of reduced 

concentrations of progesterone, estradiol, and 8 -human 

chorionic gonadotropin (8 -hCG) and an increase of 

cortisol concentrations and a moderate decrease in 

thyroid-stimulating hormone (TSH) relative to healthy 

pregnant controls. These findings suggest that serious 

cases of SARS-CoV-2 infection can affect placental 

endocrine function and maternal systemic hormone 

control, which is a reflection of the interplay between the 

effects of viral infection, inflammatory responses, and 

endocrine physiology. One of the most important 

findings in this research was that the level of 

progesterone decreased significantly in pregnant women 

who had severe COVID-19. Of utmost importance is the 

role that progesterone has in sustaining pregnancy by 

ensuring uterine quiescence, immune tolerance to the 

fetus and also developing the placenta. The low levels of 

progesterone could thus indicate placental stress or a 

defect in the trophoblastic activity. Past research has also 

shown that inflammatory cytokines and viral infections 

have the ability to interfere with steroidogenic pathways 

in placental tissues, which may limit the production of 

progesterone [15]. Besides, progesterone has 

characterized anti-inflammatory and immunomodulatory 

effects, which could potentially affect how hosts respond 

to viral infections, including SARS-CoV-2 [16]. 

Therefore, the low progesterone level could indicate the 

dysfunction of the placenta and disregulation of 

immunity in the case of serious infection . 

 

On the same note, the concentrations of 

estradiol (E2) were much lower in the pregnant women 

who were infected. Estradiol is an imperative controller 

of uteroplacental circulation, angiogenesis of the 

placenta, and fetal growth. The low level of estradiol can 

diagnose as such low levels may refer to dysfunctional 

placental endocrine functions. The problem of placental 

abnormalities during COVID-19-complicated 

pregnancies has been stated in a few studies, where 

vascular lesions, inflammatory alterations, and maternal 

vascular malperfusion [17] are identified. Such 

pathological changes can disrupt hormone production in 

placenta tissues. Moreover, the molecular research on the 

placentas of infected women revealed that the genes of 

the estrogen signaling pathways are being altered, 

implying that the endocrine control, at the placental 

level, might be broken by the SARS-CoV-2 infection 

[18]. These results are aligned with the low estradiol 

levels that were found in the current study . 

 

The fact that the levels of β-hCG decreased is 

another indication of a potential placental dysfunction as 

2 -hCG is created by syncytiotrophoblast cells and is one 

of the major forms of placental activity and pregnancy 

containment. A decrease in β-hCG levels can be a sign 

of the dysfunction of trophoblasts or the decreased 

secretion of placental hormones after the acute viral 

infection. Past studies have postulated that COVID-19 

has the potential to impact placenta physiology and 

biomarkers of placenta functioning [19]. Inflammatory 

lesions and thrombotic alterations have also been 

described in placentas of infected mothers by 

histopathological studies that may impair trophoblastic 

integrity and endocrine functions [20]. The resulting 

reduction in progesterone, estradiol, and 2-hCG 

indicated by the current study consequently leads to the 

conclusion that there is a regular pattern of placental 

endocrine dysregulation in the case of severe SARS-

CoV-2 infection. Unlike placental hormones, the levels 

of cortisol were very high in the case of severe COVID-

19 pregnant women. The main glucocorticoid hormone 

that is released by the stimulation of hypothalamic-

pituitary-adrenal (HPA) axis is cortisol, a hormone that 

reacts to physiological stress and inflammation on a 

systemic level. Viral infections that cause severe 

responses have been known to trigger intense 

neuroendocrine mechanisms, which elevate cortisol 
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release. High levels of cortisol recorded in this paper are 

probably the physiological stress reaction linked to 

serious infection. Past clinical studies have also reported 

the elevation of cortisol in hospitalized COVID-19 

patients especially in patients with severe disease that 

needed respiratory assistance [21]. High levels of cortisol 

can also affect immune response and metabolism in case 

of infection and also underscores the interrelation 

between metabolism and immune response. The other 

interesting observation was a slight decrease in the level 

of TSH in pregnant women who were infected. During 

systemic infections and inflammatory states, thyroid 

dysfunction is frequent in case of systemic factors. 

Lower levels of the TSH can happen as a non-thyroidal 

illness syndrome which is a temporary change in the 

regulation of the thyroid hormones in case of severe 

illnesses. Various reports have reported some disorders 

in thyroid in patients with COVID-19, such as lowering 

the TSH level and a change in the thyroid hormone 

metabolism [22]. Moreover, SARS-CoV-2 infection has 

been linked with more widespread endocrine 

dysfunctions that included thyroid, adrenal, and pituitary 

gland dysfunctions [23. Thus, the decrease in TSH that 

was found in this study could be attributed to infection-

related endocrine disregulation and the physiological 

changes of pregnancy  .On the whole, the results of the 

hormonal profile indicate two key endocrine effects of 

acute SARS-CoV-2 infection in pregnant women. First, 

the reduction in placental hormones suggests the possible 

endocrine dysfunction of the placenta caused by 

inflammatory damage, vascular defects, or trophoblastic 

dysfunction. Second, the higher level of cortisol and the 

lower level of TSH indicate that the systemic 

neuroendocrine responses to acute infection and 

inflammatory stress. These conclusions are consistent 

with the recent evidence, which stated that COVID-19 

can impact not only placental physiology but also 

maternal endocrine pathways, which can have an impact 

on the health of pregnancy [24]. 

 

Such hormonal changes can be of clinical 

significance. The hormones such as progesterone, 

estradiol and 2hCG are vital in the retention of pregnancy 

in the body and in promoting the growth of the fetus. The 

disturbances of these pathways could be the cause of 

placenta disturbance and pregnancy problems. Recent 

systematic reviews have found evidence of higher risks 

of adverse outcomes, including preterm birth and an 

admission to neonatal intensive care among women with 

severe COVID-19 [25]. Though the effects of pregnancy 

were not directly evaluated in the current study, the 

identified hormonal disruptions serve as additional 

confirmation of the idea that dire cases of SARS-CoV-2 

infection can affect maternal endocrine balance during 

pregnancy. 

 

5. CONCLUSIONS  
The results of the research suggest that serious 

COVID-19 in the second trimester of pregnancy is linked 

with the major changes in maternal hormonal profiles. 

The placental hormones, progesterone, estradiol, and b-

human chorionic gonadotropin, and plasma cortisol 

concentrations and slight decreases in thyroid 

stimulating hormone (TSH) were lower in the women 

who were pregnant and recovered after severe infection, 

than in healthy pregnant controls  .These endocrine 

alterations indicate that the extreme infection of SARS-

CoV-2 can influence placental endocrine and global 

maternal hormonal equilibrium. These decreased 

placental hormones can be signs of subclinical placental 

dysfunction or trophoblastic stress associated with 

inflammatory and vascular changes, whereas elevated 

cortisol concentrations probably demonstrate the 

activation of the hypothalamic-pituitary-adrenal stress 

response  .In general, these results indicate the need to 

observe the endocrine and placental activity in pregnant 

women who experienced severe COVID-19 to follow up. 

More extensive longitudinal studies combining 

hormonal, inflammatory and placental measurements are 

required to explain the clinical importance of these 

endocrine changes. 

 

REFERENCES 
1. Fichera, A., Biancareddu, E., Bozzo, M., Ezenwa, 

M., Ongarini, E. P., Ferrari, F. G., ... & Odicino, F. 

E. (2026). Long COVID following SARS‐CoV‐2 

infection during pregnancy: An observational study 

in a large Italian hospital during the COVID‐19 

pandemic. Acta Obstetricia et Gynecologica 

Scandinavica. 

2. McClymont, E., Blitz, S., Forward, L., Cole, S., 

Alton, G. D., Boucoiran, I., ... & Money, D. (2026). 

The role of vaccination in maternal and perinatal 

outcomes associated with COVID-19 in 

pregnancy. JAMA, 335(2), 154-162. 

3. Hommos, L., Gohil, H., Rob, M., Manyama, J., 

Ramy, H., Naseem, N., ... & Zakaria, D. (2026). 

Long-Term Thyroid Complications Post-COVID-

19: A Systematic Review. Microorganisms, 14(3), 

543. 

4. Zerouak, N., Hentabli, S., Zitouni, A., Lehassani, 

M., Hentabli, H., Haroun, M. A., ... & Oumouna, M. 

(2026). Vitamin D Modulates Humoral Responses 

to SARS-CoV-2 Vaccination in Autoimmune 

Thyroiditis: An Endocrine–Immune Perspective 

Supported by Network Pharmacology, Molecular 

Docking, and Molecular Dynamics 

Simulations. International Journal of Molecular 

Sciences, 27(5), 2208. 

5. Luo, J., Liu, P., Chen, P., Zhou, X., Ma, Y., Lin, W., 

... & Wu, L. (2026). The association between early 

pregnancy infection with SARS-CoV-2 and fetal 

birth defects: a prospective study. Scientific Reports. 

6. Unnikrishnan, L. P., Thomas, S., Subramaniam, L., 

Sivadarshan, K., Supriya, N. K., & Pulloor, N. K. 

(2026). Placental pathology in COVID-19 infected 

mothers and its impact on pregnancy and fetal 

outcome. Indian Journal of Obstetrics and 

Gynecology Research, 13(1), 44-50. 



 

Kawther Hussein Dikain; SAR J Pathol Microbiol; Vol-7, Iss- 2 (Mar-Apr, 2026): 115-121 

© 2026 | South Asian Research Publication                                                                                                                                 121 

 

7. Sajnani, J., Siavoshi, M., Kwan, L., & Han, C. S. 

(2026). Association of prior COVID-19 infection 

with gestational diabetes mellitus. Diabetes 

Research and Clinical Practice, 113144. 

8. Furdui-Lința, A. V., Lolescu, B. M., Sturza, A., 

Sima, L. V., Muntean, D. M., & Crețu, O. M. (2026). 

The Evolving Landscape of Vitamin D and 

Endocrine Disruptors: Something Old and 

Something New. In Functional Biochemistry of 

Micronutrients (pp. 261-296). Cham: Springer 

Nature Switzerland. 

9. Talamini, L., Verdot, C., Shoenfeld, Y., & Muller, 

S. (2026). Pathophysiological effects of long 

COVID-19 (auto) antibodies on fertility. Journal of 

Autoimmunity, 158, 103518. 

10. Falanga, C. M., Kilembe, J. T., Matondo, A., 

Ngbolua, K. T. N., Mpiana, P. T., & Mudogo, V. 

(2026). Natural Products from Congolese Plant 

Biodiversity as Potential Inhibitors of COVID-19 

Main Protease (3CLpro/Mpro) and Angiotensin-

Converting Enzyme-2 (ACE-2): Insights from 

Molecular Docking and Molecular Dynamics 

Simulations. Pharmacological Research-Natural 

Products, 100571. 

11. Matsumoto, F., Nagai, S., Ikeda, N., Ishimaru, K., 

Sakao, K., Miyata, T., ... & Mitsutake, S. (2026). 

Pyrogallol B-ring enhances catechin binding to the 

SARS-CoV-2 spike receptor-binding domain to 

inhibit interaction with ACE2. Scientific Reports. 

12. Amssayef, A., Abdessadak, O., Soulaimani, B., 

Bouchaane, H., Amrani, L., Ajebli, M., ... & Ajana, 

M. A. (2026). Targeting angiotensin-converting 

enzyme 2 (ACE2) with bioactive compounds from 

Achillea ageratum essential oil: Chemical 

composition and first computational study for 

enhanced anti-SARS-CoV-2 therapy. Journal of 

Essential Oil Bearing Plants, 1-9. 

13. Sharma, L., Maheshwari, N., Maheshwari, N., Teli, 

G., & Chelvam, V. (2026). Therapeutic Approaches 

to Treat SARS‐CoV‐2. ChemMedChem, 21(4), 

e202500387. 

14. Muntean, S. T., Cozac-Szoke, A. R., Tinca, A. C., 

Kosovski, I. B., Vultur, S., Vultur, M., ... & Sin, A. 

I. (2026). Molecular Aspects of Viral Pathogenesis 

in Emerging SARS-CoV-2 Variants: Evolving 

Mechanisms of Infection and Host 

Response. International Journal of Molecular 

Sciences, 27(2), 891. 

15. Dağdeviren, İ., Uygur, M. M., & Keleş, E. Ç. 

(2026). The impact of thyroid dysfunction on 

COVID-19 severity and mortality: A systematic 

review and Meta-Analysis. Clinica Chimica Acta, 

120851. 

16. Handy, A. B., Ren, B., Seidman, L. C., Granger, S. 

W., & Payne, L. A. (2026). Inflammatory 

mechanisms of menstrual cycle changes following 

COVID-19 vaccination in adolescents. Vaccine, 75, 

128226. 

17. Luo, J., Liu, P., Chen, P., Zhou, X., Ma, Y., Lin, W., 

... & Wu, L. (2026). The association between early 

pregnancy infection with SARS-CoV-2 and fetal 

birth defects: a prospective study. Scientific Reports. 

18. Tang, Y., Boggavarapu, N. R., Aronsson, A., 

Gemzell-Danielsson, K., & Lalitkumar, P. G. 

(2024). Global transcriptomic analysis of placentas 

from women with gestational SARS-CoV-2 

infection during the third trimester of 

pregnancy. International Journal of Molecular 

Sciences, 25(3), 1608. 

19. Stirland, I., Cavalcante, L. R. L., Kehdi, R. C., 

Viana, M., Furtado, C. L. M., Aston, K., ... & 

Macedo, D. S. (2026). DNA Methylation as a 

Biomarker of Gestational SARS-CoV-2 Exposure: 

Differential Methylation Patterns in Placental and 

Cord Blood Tissues Model Third Trimester 

COVID-19. 

20. Unnikrishnan, L. P., Thomas, S., Subramaniam, L., 

Sivadarshan, K., Supriya, N. K., & Pulloor, N. K. 

(2026). Placental pathology in COVID-19 infected 

mothers and its impact on pregnancy and fetal 

outcome. Indian Journal of Obstetrics and 

Gynecology Research, 13(1), 44-50. 

21. Dağdeviren, İ., Uygur, M. M., & Keleş, E. Ç. 

(2026). The impact of thyroid dysfunction on 

COVID-19 severity and mortality: A systematic 

review and Meta-Analysis. Clinica Chimica Acta, 

120851. 

22. Anbardar, N., Dixon, S. L., Munugoti, S., Gaddam, 

M., Kashfi, K., Kasulis, L., ... & Asadipooya, K. 

(2025). Thyroid disorders and COVID-19: a 

comprehensive review of literature. Frontiers in 

Endocrinology, 16, 1535169. 

23. Mourelatos, P., Vrettou, C. S., Diamantopoulos, A., 

Vassiliou, A. G., Jahaj, E., Angelousi, A., ... & 

Dimopoulou, I. (2024). A prospective study on 

endocrine function in patients with long-COVID 

symptoms. Hormones, 23(1), 59-67. 

24. Shoarishoar, S. S., Esmaeilpour, M., & Naderi, M. 

(2026). Reactivation of Human herpesviruses 

(HHVs) following SARS-CoV-2 infection and 

vaccination: a systematic review of clinical 

studies. Future Virology, 1-20. 

25. Afra, A., Khedmati, M., Bachari, S. S., & Kamyari, 

N. (2026). Investigating the Impact of Coronavirus 

Disease 2019 on Women's Inclination or 

Disinclination Toward Childbearing (No. In Press). 

Brieflands. 

 


