
                    

SEMMELWEIS EGYETEM 

DOKTORI ISKOLA 

 

Ph.D. értekezések 

 

 

3122. 

 

 

SUPÁK DORINA 

 

 

Patobiokémia 

című program 

 

 

 

 

 

Programvezető: Dr. Csala Miklós, egyetemi tanár 

Témavezető: Dr. Valent Sándor, egyetemi docens

https://semmelweis.hu/phd/doktori-tagozatok/gyogyszertudomanyok-es-egeszsegugyi-technologiak-tagozat/


   

COVID-19 and pregnancy 

 

PhD thesis 

 

Dorina Supák MD 

 
Division of Moleculare medicine 

Semmelweis University  

 

 

Supervisor:    Sándor Valent MD, PhD 

 

Official reviewers:  Csaba Demendi MD, PhD 

                                         Márton Vezér MD, PhD 

 

 

Head of the Complex Examination Committee:  

Gábor Sobel MD, PhD     

 

Members of the Complex Examination Committee:  

Márton Keszthelyi MD, PhD 

Márton Vezér MD, PhD 

   

 

Budapest 

 2024 



1 

TABLE OF CONTENTS 

LIST OF ABBREVIATIONS ........................................................................................... 2 

1.INTRODUCTION .......................................................................................................... 3 

1.1 COVID-19 – the virus and symptoms ............................................................. 5 

1.2 COVID-19 - the waves .................................................................................... 6 

1.3 SARS-CoV2 and pregnant women .................................................................. 7 

1.4 Covid-19 treatment for pregnant women ......................................................... 8 

1.5. Covid-19 treatment for pregnant women in Semmelweis University - 

Protocols ....................................................................................................... 8 

1.6 The case of a Covid-19 pregnant woman at Semmelweis University ........... 10 

2. OBJECTIVES .............................................................................................................. 18 

3. METHODS .................................................................................................................. 19 

3.1 Study design and patient selection ................................................................. 19 

3.2 Data collection ............................................................................................... 20 

3.3 Statistical methods ......................................................................................... 21 

4. RESULTS .................................................................................................................... 22 

4.1. First study ..................................................................................................... 22 

4.2. Second study ................................................................................................. 30 

5. DISCUSSION .............................................................................................................. 32 

6. CONCLUSIONS ......................................................................................................... 39 

7. SUMMARY ................................................................................................................ 40 

8. REFERENCES ............................................................................................................ 41 

9. BIBLIOGRAPHY OF PUBLICATIONS ............................................................... 5454 

10. ACKNOWLEDGEMENTS .................................................................................. 5656 

 

 

  



2 

LIST OF ABBREVIATIONS 

 

ACE-2 - angiotensin-converting enzyme 2 

ARDS - acute respiratory distress syndrome 

COVID-19 - Coronavirus disease 2019 

CRP - C reactive protein 

DHA - Docosahexaenoic acid 

HELLP - H: hemolysis (the breakdown of red blood cells)  

EL: elevated liver enzymes.  

LP: low platelet  

H1N1- swine flu, is a type of influenza A virus. 

IL-1β - interleukin-1β 

IL-6 – interleukin-6 

IUGR - Intrauterine Growth Restriction 

LMWH-prophylaxis - Low-molecular-weight heparins prophylaxis 

MERS - Middle East Respiratory Syndrome 

nCPAP - Nasal continuous positive airway pressure 

NICU - neonatal intensive care unit 

NLR – Neutrophil-Lymphocyte ratio 

PCR - Polymerase chain reaction  

ROC - receiver operating characteristic 

ROP - Retinopathy of prematurity 

RNA - ribonucleic acid 

RT-q-PCR - real-time quantitative polymerase chain reaction 

SARS - Severe acute respiratory syndrome  

SARS-CoV-2 - Severe acute respiratory syndrome coronavirus 2 

TMPRSS2 - transmembrane serine protease 2 

TNF-α - Tumor necrosis factor alpha 

WHO - The World Health Organization 
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1. INTRODUCTION 

 In my work, I would like to provide a comprehensive picture of the COVID-19 

epidemic that is shaking the health sector and the entire world, as well as its implications 

for pregnancy. 

The global outbreak of COVID-19, caused by the new coronavirus SARS-CoV-2, has 

emerged as one of the most significant public health challenges of the twenty-first century 

(1, 2). The virus originated in late 2019 and has spread quickly worldwide, picking up 

thousands of more lives and contaminating millions (3, 4). The pandemic had a massive 

impact, leading to a huge increase in research on COVID-19. Scientists focused on 

understanding the virus, how it spreads, and the diseases it causes. This research brought 

about significant changes in public health policies worldwide (5). COVID-19 has 

received significant attention owing, in part, to its effect on pregnant women and other 

high-risk populations by the medical and scientific community (6). A woman's immune 

system, cardiovascular system, and respiratory system can all change during pregnancy, 

making it a unique physiological state that may affect how susceptible she is to infections, 

particularly viral diseases [2, 7, 8]. Pregnant women have historically been recognized as 

a high-risk population for unfavorable outcomes during pandemics, as the SARS outbreak 

in 2002–2003 and the H1N1 influenza pandemic of 2009 [9]. In order to guarantee the 

best possible outcomes for both the mother and the fetus, it is crucial to comprehend how 

COVID-19 affects pregnancy. Given the intricate interactions between the mother's 

immune system, placental function, and fetal development, COVID-19 poses unique 

complications during pregnancy. A higher risk of serious illness, such as respiratory 

issues, premature birth, and other obstetric difficulties, may exist for pregnant women 

with COVID-19 (7, 8). The clinical management of pregnant patients is made more 

difficult by the existence of comorbidities, which include conditions like diabetes, 

hypertension, and obesity that are known to worsen the severity of COVID-19 (9-11). 

Numerous studies have examined the transmission of SARS-CoV-2 from mother to 

fetus, and found diverse results. Although preliminary findings indicated restricted 

indications of vertical transmission, further inquiries have recorded instances when the 

virus has been found in placental tissue, amniotic fluid, and even in the blood of newborns 

(12, 13). Concerns regarding the possibility of congenital infection and its effects on the 
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health of newborns have been raised by these findings. The long-term effects for neonates 

exposed to SARS-CoV-2 in gestation are still mostly unclear, and the overall rate of 

vertical transmission is still quite low (14-17). 

Pregnancy-related immune response regulation strikes a delicate balance between 

preventing fetal rejection and the requirement to protect the mother. During the second 

and third trimesters in particular, this immune adaptation entails a change towards an anti-

inflammatory state that may impact the mother's response to SARS-CoV-2 infection (18). 

According to certain research, this immunomodulation may lessen the mother's immune 

system's ability to fight infection, raising the possibility of serious illness. On the other 

hand, some studies suggest that expectant mothers might develop a strong immunological 

response, which could result in hyperinflammatory conditions that have negative 

consequences (19). 

Furthermore, managing COVID-19 in expectant mothers presents particular clinical 

difficulties. Pregnancy-related safety and effectiveness concerns with 

immunomodulatory drugs, vaccinations, and antiviral treatments must be carefully 

considered (20, 21). Pregnant women were not included in the COVID-19 clinical trials, 

which caused some initial reluctance to administer the vaccine (22). Subsequent research, 

however, has produced encouraging information on the immunogenicity and safety of 

COVID-19 vaccinations in expectant mothers, prompting broad vaccination 

recommendations for this population (23). It has been demonstrated that vaccination 

lowers the risk of hospitalization, serious illness, and unfavorable pregnancy outcomes 

(24). 

The effect of COVID-19 on mental health during pregnancy is an important field of 

study. Pregnant women may have increased anxiety and sadness as a result of the 

pandemic's major stresses, which include social isolation, economic uncertainty, and fear 

of infection (25-27). During the pandemic, integrated care strategies that address both 

physical and psychological health are necessary since these mental health issues can have 

a significant impact on both maternal and fetal well-being (28). 

In summary, the relationship between COVID-19 and pregnancy is a complicated and 

multidimensional field of study with important consequences for the health of expectant 

mothers and newborns. Comprehending the pathogenesis, therapeutic therapy, and long-

term consequences of COVID-19 in expectant mothers is imperative in order to steer 
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evidence-based practices and guarantee the security and welfare of this susceptible 

demographic. This thesis aims to contribute to the growing body of knowledge about 

COVID-19 in pregnancy, offering insights that can help anticipate the intensity of 

COVID-19 infection among pregnant individuals.  

1.1 COVID-19 – the virus and symptoms  

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) belongs to the 

Coronaviridae family, characterized by a positive-sense single-stranded RNA genome, 

and shares significant genetic similarity with the coronaviruses responsible for the SARS 

outbreak in 2003 and the Middle East Respiratory Syndrome (MERS) in 2012 (29). 

COVID-19 spreads primarily through respiratory droplets and aerosols produced when 

an infected person coughs, sneezes or speaks; however, it can also spread through contact 

with contaminated surfaces, followed by touching the face, particularly the mouth, nose, 

or eyes (3). The virus binds to host cells via the angiotensin-converting enzyme 2 (ACE-

2) receptor, which is highly expressed in the lungs, heart, and gastrointestinal tract, among 

other tissues (30). 

COVID-19 can cause symptoms that vary from moderate to severe, with some cases 

resulting in death or serious illness (31). Usually occurring between two to fourteen days 

after exposure, the incubation phase is when most symptoms start to show up on the fifth 

day (32). Fever, dry cough, and weariness are common symptoms that characterize most 

symptomatic cases. Additional symptoms include headaches, sore throats, nasal 

congestion, pain in the muscles or joints, and anosmia, or loss of taste or smell. In more 

severe situations, some people may have gastrointestinal symptoms like vomiting and 

diarrhea (7, 30, 33). COVID-19 presents a wide range of symptoms and varying degrees 

of severity, which are affected by multiple factors including age, pre-existing medical 

conditions, and the amount of virus present in the body. Older adults and individuals with 

ongoing health issues face a greater risk of experiencing severe outcomes, potentially 

leading to fatality. Gaining a comprehensive understanding of the diverse manifestations 

of COVID-19 symptoms and the disease's progression is essential for providing effective 

patient care and creating new treatment strategies (19, 34). 

  



6 

1.2 COVID-19 - the waves 

The COVID-19 outbreak has exhibited multiple distinct phases, each with unique 

epidemiological characteristics and consequences for public health. The initial phase of 

COVID-19 emerged in late 2019 and early 2020, following the first reported cases in 

Wuhan, China. This phase was characterized by swift global transmission due to the 

highly contagious nature of the SARS-CoV-2 virus, resulting in extensive shutdowns and 

the enactment of public health protocols worldwide. During this initial phase, most 

infections were linked to the original variant of the virus, later termed the "wild type" 

strain(35). 

The ongoing circulation of the virus resulted in the accumulation of genetic changes, 

giving rise to new variants. Towards the conclusion of 2020, numerous countries 

experienced a second wave, primarily fueled by the Alpha variant (B.1.1.7), which was 

first detected in the UK. This particular strain exhibited enhanced transmissibility and, 

according to some research, increased disease severity, leading to a surge in cases and 

heightened strain on healthcare facilities. Concurrently, this wave coincided with the 

initiation of vaccination campaigns, introducing a novel element to the pandemic 

dynamics as populations began developing partial immunity to the virus (36, 37). 

The mid-2021 COVID-19 resurgence, primarily fueled by the highly contagious Delta 

variant (B.1.617.2) first detected in India, marked the pandemic's third wave. This 

variant's enhanced transmissibility led to new outbreaks, even in regions with moderate 

vaccination coverage (38). The rise in COVID-19 cases due to virus mutations showed 

the challenges of the virus adapting to people with partial immunity. This sparked 

discussions about the need for booster shots and changes in public health plans (39). The 

subsequent wave, beginning in late 2021 and continuing into 2022, was driven by the 

Omicron variant (B.1.1.529), initially identified in South Africa. Omicron was notable 

for its numerous mutations, especially in the spike protein, allowing it to partially evade 

immunity gained through vaccination or previous infection (40). Although Omicron 

spread more rapidly, it generally caused less severe illness compared to Delta, leading to 

a disparity between case numbers and hospitalizations in some regions (41). The 

emergence of Omicron prompted rapid development and deployment of variant-specific 

vaccines and treatments (42). In conclusion, the COVID-19 waves have been shaped by 

the interplay of viral evolution, population immunity, and public health measures. Each 
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wave has presented unique challenges, necessitating ongoing adaptation of strategies to 

control the pandemic and protect public health. 

1.3 SARS-CoV2 and pregnant women 

As we previously mentioned the COVID-19 pandemic, caused by the SARS-CoV-2 

virus, has raised significant concerns regarding its effects on pregnant individuals, 

altering both maternal and fetal health. Pregnant individuals have a bigger risk of severe 

illness from COVID-19 than their non-pregnant patients, because of physiological 

changes such as altered immune systems and increased metabolic and respiratory 

demands. Allotey et al. (2020) highlight that pregnant women with COVID-19 often 

experience more severe complications, thus necessitating heightened clinical vigilance 

(7). Several cardiovascular adaptations occur during pregnancy, including changes in 

blood volume and cardiac output that could complicate the course of COVID-19. 

According to a meta-analysis, pregnant women with COVID-19 are also much more 

likely to develop acute respiratory distress syndrome (ARDS), meaning that accurate 

evaluation as well as administration in this group is important (43). Besides, COVID-19 

can result in a disturbed placental function causing serious complications such as placenta 

abruption and fetal growth restriction (44). 

According to some studies, higher levels of stress cause bad physiological adaptations 

that can compromise maternal health and impair fetal life (22). These findings highlight 

the necessity of holistic care including emotional and psychological needs both in 

addition to extent as well as concurrently assessing physical health during the pregnancy 

pandemic. 

During pregnancy the immunological mechanism is a very complex system which we 

can translate as ‘immuno-tolerance’, so the fetus develops without attacking. 

Nonetheless, a hyperimmune response in COVID-19 can result in a cytokine storm and 

worsen the condition of pregnant (12). An excessive inflammatory response in this 

population could therefore contribute to further maternal health issues and impact fetal 

viability; as such, care for pregnant women with COVID-19 may be unique. 

Concerns about the vertical spread of COVID-19 were also present in everyday life 

for a long time. Current evidence indicates that vertical transmission is relatively rare. 
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However, ongoing research is crucial to monitor possible long-term effects on infants 

born to mothers infected with SARS-CoV-2 (30). 

In summary, COVID-19 is a complex disease in pregnant women with physiological, 

psychological, and immunological effects that pose a risk to fetal health. The increased 

risk of serious diseases, in addition to the physiological changes associated with 

pregnancy, necessitates vigilant supervision. More research is needed to ensure that this 

vulnerable group can receive appropriate care and support during a pandemic.  

1.4 Covid-19 treatment for pregnant women 

A therapeutic recommendation for pregnant women afflicted with COVID-19 remains 

accessible on the website of the Royal College of Obstetricians and Gynecologists. 

Currently, the 16th version is available, which demonstrates the rapidity with which 

therapeutic recommendations evolved and were refined during the initial years of the 

pandemic (45). 

The most recent recommendations are no longer accessible on the websites of numerous 

other organizations. 

In the subsequent chapter, this study aims to demonstrate how the care protocol was 

developed at Semmelweis University. 

1.5. Covid-19 treatment for pregnant women in Semmelweis University - Protocols 

Shortly after the beginning of the epidemic, we published a summary overview of 

COVID-19 and pregnancy (46). We were still groping in the dark on the subject. There 

was very little information on this topic in the literature. 

Here is a brief summary of our very first recommendations for the start of the 

pandemic. 

• At the time of writing this publication, we were aware of only one case in Hungary. 

However, based on the genetic characteristics of SARS-CoV-2 and its similarity to other 

viruses, it was clear that the virus could have a significant impact on pregnant women and 

their fetuses. 

• Recommendations for infection prevention were the same for pregnant and non-

pregnant women. 
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• According to the available data, neither pregnancy nor the postpartum period 

represents a particular risk, while advanced age and related co-morbidities are significant 

risk factors. 

• The most likely symptoms we expected were: fever (67%), cough (66%), shortness 

of breath, sore throat, fatigue (7% each) and muscle pain (6%). Laboratory abnormalities 

known at that time included lymphocytopenia, elevated liver enzymes, and 

thrombocytopenia. 

•  Reducing the fever is extremely important. 

•  We recommended thromboembolic prophylaxis right from the beginning. 

Due to the immunosuppressive effect of the steroid, the recommendation was not 

uniform at first, but we nevertheless recommended its use as steroid prophylaxis. 

Nifedipine, indomethacin and non-steroidal anti-inflammatory drugs can be used if 

they are needed from the point of view of pregnancy. 

However, the administration of magnesium sulfate should be considered due to its 

respiratory depressant effect. 

 

In 2020, when the above notice was published, we did not yet know what awaited us. 

We saw our first pregnant patient at our clinic in June 2020. 

Based on foreign data and experience, we have also continuously developed our 

treatment protocol. 

Our precise house guideline, published on October 1, 2021, recommended the 

following specific therapy: 

- Vitamin C 1 x 1000 mg oral administration 

- Vitamin D3 1 x 3000 IU oral administration 

- Zinc 1 x 25 mg oral administration 

- Dexamethasone from 24+0 week to 34+6 week as steroid prophylaxis: 6 mg 

dexamethasone every 12 hours for the first two days, then 1x6 mg daily 

- Antibiotics if procalcitonin is greater than 0.2 

• Azithromycin 1x500 mg oral administration for 3 days 

• Ceftriaxone 1x2g intravenously for 5 days 

- Quamatel 1 x 40 mg oral administration 

- LMWH-prophylaxis (0.01 ml/kg subcutaneous administration) 
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- O2 therapy: the goal is to reach 95% saturation (nasal tube up to 5l/min, mask 50 

above 5l/min, reservoir mask above 10l/min) 

- Antipyretic therapy (Paracetamol) 

- In case of symptoms appearing within 5 days 

• Convalescent fresh frozen plasma intravenously 

• Remdesivir intravenously: day 1: 1 x 200 mg, days 2-5: 1 x 100 mg (increased liver 

function is contraindicated) 

- In case of increased liver function, Legalon 2x1 per os 

- In case of productive cough, Fluimucil 2 x 200 mg per os 

- In case of dry cough, Libexin 2x1 per os and Berodual inhalation 2x a day (1 ml 

diluted in a 20 ml syringe, half of which is in a nebulizer mask) 

- Routine laboratory test: blood count, liver function, kidney function, urine, CRP, 

procalcitonin, Na+, K+, D-dimer 

- Daily ultrasound examination 

- Cardiotocography: from the 32nd week twice a day, but continuously if necessary 

1.6 The case of a Covid-19 pregnant woman at Semmelweis University 

This case of our kidney transplant patient illustrates the potential association between 

COVID-19 and the development of preeclampsia, leading to the necessity for premature 

delivery (47). 

A 33-year-old white woman who was seven months pregnant whom was made 

pregnant for the first time with a pre-pregnancy body mass index of 19.3 which was 24.2 

at the time of the test. She tested positive for the COVID-19 virus by the year 2021. At 

the time of admission to the hospital, the symptoms were unremarkable. From the past 

medical record, she had two episodes of acute pyelonephritis and one of acute necrotizing 

pancreatitis in the year 2008, which caused sepsis and acute renal failure. The prolonged 

septic illness with severe consequences ended in chronic kidney failure and required a 

deceased donor kidney transplantation in 2009. She was diagnosed as suffering from 

Crohn’s disease in 2011. Before being infected by the SARS-CoV-2 virus, the patient 

was on medicaments containing 4.5 mg/day tacrolimus and 7.5 mg/day prednisolone. 

Furthermore, she consumed a food supplement containing folic acid, metafolin, DHA, 

iodine, vitamins B1, B2, B6, B12, C, D3, E, biotin, niacin, pantothenic acid and DHA 
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every day during pregnancy. After sustaining a disease of COVID-19, the patient was 

prescribed an additional 100 mg of aspirin and 0.6 ml subcutaneously enoxaparin-sodium 

once a day. She tested positive for COVID-19 and four days later she was admitted to 

the hospital because high blood pressure was coming into play owing to inability to 

adhere to steroidprophylaxis for the development of the lungs of the fetus. This was 

referred to as day 1 of admission in the hospital. Basic laboratory tests confirmed 

the presence of quantitative proteinuria; and, in order to mature the lungs, she had a total 

of four doses of 6 mg of dexamethasone injected intramuscularly. All the laboratory data 

are shown in Figures 1 and 2. On the sixth day, on peek of the lung X-ray there was no 

gross impact but it could not exclude the presence of a slight right bronchopneumonitis 

(Figure 3). Due to depressed oxygen saturation, non-invasive ventilation was performed 

with a flow of 2-3 L/min from 5 to 10 days. Anti-SARS-Cov-2 convalescent plasma 

therapy may be beneficial and safe in immunosuppressed patients and it was done once 

as suggested by Rodionov et al. (48) However, upon the improvement in respiratory 

difficulties, biochemical parameters remained indicative of presence of preeclampsia 

superimposed type. The platelet count was below 150000 platelets/µL in the first 9 days; 

the lowest level was 104000 platelets/µL. Hemolysis, elevated liver enzymes, and low 

platelet levels (HELLP) syndrome were absent. 

Thirty-five days before her hospital admission, she had been diagnosed with 

gestational hypertensive disorder. At that time urine didn't contain protein. 

 

There were no signs of the preeclampsia process yet. Methyldopa 3x250 mg was used 

for hypertension, though it was advised to be taken four times per day. 7 days prior to 

hospital admission, she received an addition of 40 mg of verapamil to her therapy. In the 

hospital she was given 2 x 40 mg of verapamil, the dosage of methyldopa was increased 

to 4 x 250 mg, and additional 25 mg of metoprolol. On the fourth day, she received 

nifedipine 2 x 20 mg instead of verapamil, metoprolol 2 x 25 mg was given on the 8th 

day, metoprolol 3 x 25 mg was given on 5th day and then methyldopa treatment was 

continued on the same 4 x 250 mg dosage. After giving birth and leaving the COVID-

ward, she continued to take 4 × 250 mg of methyldopa and 2 × 25 mg of metoprolol (see 

Figure 4). While she was pregnant her blood pressure was elevated reaching a peak of 

176/119 mmHg which highlighted the preeclampsia diagnosis. 
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FIGURE 1  

Highest blood pressure. NLR. (A) Higher blood pressure (mmHg). Systolic (•) and 

diastolic (o) blood pressure. (B) Neutrophil-Lymphocyte Ratio (NLR). (47) 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=9468219_fmed-09-948025-g001.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=9468219_fmed-09-948025-g001.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=9468219_fmed-09-948025-g001.jpg


13 

 

FIGURE 2  

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=9468219_fmed-09-948025-g002.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=9468219_fmed-09-948025-g002.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=9468219_fmed-09-948025-g002.jpg
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Concentration of PCT and IL-6. (A) PCT (which was measured for the first time on the 

day of the hospital admission–marked with Δ) during the infection, in μg/L. The last data 

before the birth was marked with □. (B) interleukin-6 (IL-6) concentration. (47) 

 

 

FIGURE 3  

Pulmonary X-ray on the 6th day. (47) 

 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=9468219_fmed-09-948025-g003.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=9468219_fmed-09-948025-g003.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=9468219_fmed-09-948025-g004.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=9468219_fmed-09-948025-g003.jpg
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FIGURE 4  

Medications. (47) 

 

Fever was recorded on the fifth and sixth. The highest body temperature, 38.4◦C was 

measured, on the sixth day's morning. Because of the deterioration of the patient"s 

condition, the cesarean section was performed on day 15th. 

Apparently, an obstetric ultrasound examination was carried out daily during her 

examination, which revealed IUGR and increasing vascular resistance. The first time 

circulation centralization could be detected was on day 12 which was 3 days before the 

birth. After we consulted with the neonatologists on the 15th day which is in the 29th 

gestational week. A cesarean section was done due to the following reasons: 

preeclampsia, IUGR, and increased vascular resistance. On the day of the cesarean 

section, the umbilical artery's flowmetry showed the sign of the total diastolic stop. As 

the previous ultrasonography predicted the birth weight was in the 2.5th percentile (990 

g), which confirmed the IUGR diagnosis. 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=9468219_fmed-09-948025-g004.jpg
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On the day of the birth, the mother presented her first negative PCR test for SARS-

CoV-2, two days later she also presented a negative PCR test. The newborn also presented 

two negative tests on the same day. After the two negative tests, the mother was relocated 

from the COVID care unit to the standard postnatal unit.  

After the operation, the newborn was transferred to the NICU unit of our hospital 

because he required nCPAP respiration support. This therapy lasted 16 days. In the 

newborn's first five days, the highest FiO2 was 30%, from the sixth day he mostly 

received air with 21% 

FiO2. We consulted with the ophthalmologists, who found the progression of retinopathy 

(ROP 3 (+) zona 2 stages on the right eye, ROP 2 (+) stage on the left eye), They advised 

the laser therapy. We performed a cranial ultrasound examination and 2nd stage 

intraventricular hemorrhage was found, fortunately, it was not progrediating. The neonate 

was growing well; 9 days later, his feeding was built up with breast milk. He was released 

from the hospital with a weight of 1,830 g. The mother would be able to go home on the 

49th day but she stayed with his neonate until her son was in the NICU. They were 

released on the 63rd day from the Semmelweis Univeristy. 

This case turned our attention to more detailed research on the relationship between 

COVID-19 and other pregnancy pathologies. It can be said that preeclampsia is more 

common among kidney transplant recipients, and pregnancies end in premature birth 

more often (49). Based on some research, the disease COVID-19 also plays a prominent 

role in the appearance of preeclampsia-like symptoms (50). In the present patient, the 

condition was present simultaneously, and this may have contributed to the symptoms of 

superimposed preeclampsia, which necessitated the termination of the pregnancy. 

Based on the INTERCOVID study (which involved 43 institutions in 18 countries), it 

can be said that among women affected by COVID-19, premature birth and cesarean 

sections are more common (50). 

The disease caused by the pandemic SARS-CoV is characterized by endothelial 

dysfunction and microvascular damage, which can affect both the maternal organs and 

the fetus (51, 52). This may explain the deteriorating flow values diagnosed in our patient. 

In our case report article, we examined the literature on the liver-damaging effect of 

SARS-CoV-2, as we also measured severely elevated liver enzymes in our patient. We 

reviewed the relationship between inflammatory parameters (C-reactive protein and 
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Interleukin-6) and preeclampsia (53). Based on this, we attribute the significant increase 

in CRP and IL-6 to both preeclampsia and COVID-19 infection. According to some 

studies, the cytokine storm and elevated IL-6 characteristic of COVID-19 can effectively 

predict the severity and predictable course of the disease (54). Our case also confirmed 

this theory, as we found an elevated IL-6 level in our patient, which normalized after 

recovery. That's when we thought about how to predict the severity of the disease and the 

expected outcome in pregnant women who are the focus of attention. 
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2. OBJECTIVES 

 

Our research aimed to identify the parameters that could be utilized to predict the 

severity of the disease course in pregnant women. 

(1) Our research aimed to identify the parameters that could be utilized to predict the 

severity of the disease course in pregnant women. The maternal age, elevated 

inflammatory parameters, and characteristic deviations detected during imaging 

processes are well known from the literature, is there any other useful predictor? 

 

(2) Can the NLR predict in which case we can expect a fatal outcome? 

 

(3) Can the Neutrophil-to-Lymphocyte Ratio (NLR) provide early insights during 

hospitalization for identifying pregnant women who may require special attention 

due to a potentially more severe disease course? 

  



19 

3. METHODS 

3.1 Study design and patient selection 

Our patients received treatment at Semmelweis University clinics in Budapest, 

Hungary. Semmelweis University is a Hungarian COVID-19 center that specializes in the 

treatment of severe COVID-19 cases in pregnant patients. As a result, the university 

encountered a higher number of such cases, and nearly all fatal cases involving pregnant 

COVID-19 patients in Hungary were treated in our clinic. SARS-CoV-2 positivity was 

confirmed using real-time quantitative polymerase chain reaction (RT-q-PCR) 

technology. Sampling was completed using nasopharyngeal COVID-19 swabs from the 

upper respiratory tract. 

The data was collected by two independent researchers from the hospital information 

system (e-MedSolution; Egészséginformatikai Szolgáltató és Fejlesztési Központ, 

Budapest, Hungary) of Semmelweis University.  

Our first study is a case-control study, 45 patients were involved (55). Ten pregnant 

patients with fatal COVID-19 infections were identified and enrolled, and an additional 

15 and 20 patients who survived the disease were enrolled into two control groups. The 

control groups were defined as follows: (1) pregnant patients who experienced severe 

symptoms and required respiratory support (invasive or non-invasive) but survived 

COVID-19 (n = 15); (2) COVID-19 patients who were hospitalized but did not require 

respiratory support, only closer medical surveillance (n = 20). All available NLR values 

and comorbidities were collected from the patients enrolled in the study. 

 

The second article is a retrospective cohort study (56). In this study, we compared the 

NLR values of 123 COVID-19 patients. In the study population, 96 patients had 

mild/moderate disease, while the remaining 27 patients required mechanical respiratory 

support. Among the NLR values, we compared the NLR value on the first day after 

hospital admission with the highest NLR value measured during the hospital stay. 

In our study, the predictive value of the first-day NLR values  that remained within the 

normal range was highlighted. 
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3.2 Data collection 

In the initial investigation, data were acquired from 2021 and 2022, which represented 

the 3rd and 4th waves of the COVID-19 pandemic in Hungary. First, the study comprised 

all pregnant patients who died at Semmelweis University during the period covering 2021 

and 2022. To form the first control group (15 pregnant women), comprising patients in 

need of respiratory support, individuals were selected from February 2021 to April 2021. 

For the second control group, we selected 20 pregnant patients who did not require 

respiratory support during their SARS-CoV-2 infection and had at least three laboratory 

results from their peripheral blood. These patients were randomly chosen from an online 

medical database. The percentage of patients from the third wave of the Hungarian 

COVID-19 pandemic in each selected group was over 70%, implying a probable infection 

with the beta variant of SARS-CoV-2. This is because the beta variant was the most 

prevalent during the third wave, while the remaining cases may have been related to the 

delta variant. 

 

The patients selected for our second study were also treated at Semmelweis University 

in 2021 and 2022. We divided the patients into two groups: we examined separately the 

NLR value of the patients who did not require mechanical respiratory support (group 1) 

and those who required mechanical respiratory support (group 2). Special attention was 

paid to the number of patients with NLR values in the normal range (NLR<3.5) on the 

day of hospital admission. We also compared the maternal age between the two groups. 
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3.3 Statistical methods 

After obtaining the neutrophil and lymphocyte values, the quotient was measured 

between groups using IBM SPSS Statistics 29. The measured variables are presented in 

tables as mean ± standard deviation (SD). The Kolmogorov–Smirnov test was used to 

determine if the numerical data matched the normality distribution. Variables were 

compared using the Wilcoxon rank-sum test and Fisher exact test. Differences were 

considered statistically significant at p < 0.05, in both the Kolmogorov–Smirnov test for 

the determination of probability and later in other statistical methods. All p values were 

adjusted using the Holm method. (57)   

Receiver operating characteristic (ROC) analyses were also performed to test the 

sensitivity and specificity of NLR. The ROC analyses were performed in the R for 

Windows environment (version 4.2.3; R Foundation for Statistical Computing, Vienna, 

Austria) using the pROC R-library (v1.18.0). The coordinates for the best threshold were 

identified using Youden’s J statistic. Moreover, the effects of various clinical 

characteristics on NLR values were investigated. The latter analysis was performed using 

ANCOVA and mixed-effects (R library nlme, version 3.1-163) models. 

In the second study, we collected the neutrophil and lymphocyte values (%) from all 

the laboratory findings of the patients included in our databases and then obtained the 

NLR by determining their ratio. For each patient, the NLR measured on the day of 

hospitalization and the NLR measured during the hospital stay were examined. 

After collecting the statistical data in a table and then calculating the median and average, 

the distribution of the data series was checked based on the Kolmogorov–Smirnov test. 

Mann–Whitney U-test, chi-square test, and Fisher's exact test were used to compare the 

datasets. Null hypotheses were accepted when p-values were less than 0.05; the null 

hypothesis of p≥0.05 was rejected. 
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4. RESULTS 

4.1. First study 

As previously mentioned, the 45 patients were split up into three groups. Table 1 

displays the study participants’ age, weeks of gestational age at when the infection began, 

first-day and peak NLR values. The NLR data for day one and the peak NLR are shown 

in a box plot, which is another way to view the data for easier comprehension (Figure 5).  

 

Table 1 The patients’ neutrophil-to-lymphocyte ratio (NLR) values and ages. Groups 1, 

2, and 3 consist of fatal COVID-19 cases, patients who needed mechanical ventilation 

(either invasive or non-invasive), and patients who were hospitalized but did not need 

mechanical ventilation, respectively. The data are presented in the table in the format of 

mean ± SD; after that, in the brackets, the minimums, maximums, and medians are 

presented. As the presented data show, the ages of the pregnant women in all 3 groups do 

not differ from each other significantly (55). 

 

Clinical Characteristic 
Group 1 

(n = 10) 

Group 2 

(n = 15) 

Group 3 

(n = 20) 

Age (years) 
34.60 ± 

5.04 

31.87 ± 

4.90 

33.20 ± 

7.05 

First-day NLR value 
14.56 ± 

11.34 
7.66 ± 4.62 5.97 ± 2.23 

Peak NLR during the infection 
33.77 ± 

14.03 

13.35 ± 

11.43 
7.54 ± 2.86 

Gestational age when the infection started 

(weeks) 

31.30 ± 

3.09 

30.27 ± 

5.46 

31.05 ± 

4.74 
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FIGURE 5  

The neutrophil-to-lymphocyte ratios (NLRs) are presented for three groups, including the 

values on the first day of hospital admission (A) and the highest measured value (B). 

Hollow circles represent outliers (greater/lower 1.5 times the interquartile range 

above/below the upper/lower quartile) (55). 
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In order to compare the different groups, we utilized the Wilcoxon rank-sum test. 

Initial results indicated that there were no significant disparities in age or gestational age 

at the time of contracting COVID-19. However, upon further analysis, it was observed 

that the NLR values on the first day of hospitalization were higher in patients who later 

passed away (14.56 ± 11.34). Nevertheless, no significant differences were noted when 

comparing this group to those who required ventilation support and recovered (7.66 ± 

4.62; p = 0.3926) or to patients with moderate COVID-19 cases (5.97 ± 2.23; p = 0.1288). 

The values of NLR for fatal COVID-19 cases were notably higher than those of both 

control groups. Specifically, the peak NLR value for fatal COVID-19 cases was 33.77 ± 

14.03, while the ventilated but surviving group had an NLR value of 13.35 ± 11.43 (p = 

0.0006). Additionally, the same pattern was observed when comparing the fatal and non-

ventilated groups, with a significant difference in peak NLR values (p < 0.0001; Table 

2). It is important to mention that no significant difference could be found between the 

first-day NLR values of the two control groups, but the peak values were significantly 

higher in the ventilated group (p = 0.0143; Tables 1 and 2). 

 

Table 2 The comparisons’ adjusted p-values of the groups presented in Table 1; p < 0.05 

was accepted as a significant difference (55). 

Clinical Characteristic 
Groups 1 vs. 

2 

Groups 1 vs. 

3 

Groups 2 vs. 

3 

age (years) p = 0.5447 p = 1.0000 p = 1.0000 

first-day NLR value p = 0.3926 p = 0.1288 p = 0.3926 

peak NLR during the infection p = 0.0006 p < 0.0001 p = 0.0143 

gestational age when the infection 

started (weeks) 
p = 1.0000 p = 1.0000 p = 1.0000 

 

 

To acquire additional data, we also obtained information on the number of 

comorbidities in the patients, which is depicted in Table 3. The table indicates that 50% 

of the patients who eventually passed away due to the disease had no comorbidities. In 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10649139/table/jcm-12-06896-t001/
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the ventilated group, this percentage was 53%; however, in the group that did not need 

ventilation support during their hospital stay, this ratio was even higher at 75%. It is worth 

noting that none of the patients in the latter group had more than one comorbidity. 

 

Table 3 This table provides a breakdown of the number of comorbidities for patient 

groups, allowing easy comparison and analysis (55). 

 

Groups 

Patients with 0 

Comorbidity in 

Medical History 

Patients with 1 

Comorbidity in 

Medical History 

Patients with 2 

Comorbidities in 

Medical History 

Group 1 

(n = 10) 
5 4 1 

Group 2 

(n = 15) 
8 5 2 

Group 3 

(n = 20) 
15 5 0 

 

 

The aim was to determine whether the NLR values could be utilized to predict fatal 

COVID-19 cases. To achieve this, ROC analyses were carried out for patients who fell 

into two groups: those who passed away (Group 1) and those who required ventilation 

support therapy (Group 2). The results revealed that for first-day NLR values, a cutoff of 

15.22 had a sensitivity of 50% and a specificity of 93.33%, with an AUC value of 66.0% 

(Figure 6). For peak NLR values, a cutoff of 18.05 was found to have 100% sensitivity 

and 86.67% specificity, with an AUC value of 94.0% (Figure 7). 
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FIGURE 6 

The predictive capability of first-day NLR values in patients who lost their life to COVID-

19 infection, compared to those patients who needed mechanical ventilation (55). 

 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=10649139_jcm-12-06896-g003.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=10649139_jcm-12-06896-g002.jpg
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FIGURE 7 

The predictive capability of the highest NLR values in patients who lost their life to 

COVID-19 infection, compared to those patients who needed mechanical ventilation. (55) 

  

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=10649139_jcm-12-06896-g003.jpg
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Furthermore, the study examined whether any clinical parameters affected NLR 

values. To achieve this, two different models were constructed for both first-day and peak 

NLRs. First, an ANCOVA model was used to investigate the effects of age, the 

gestational week when COVID-19 occurred, and the number of comorbidities. The 

analysis revealed that none of these factors had a significant impact on NLR values, and 

the explanatory power of these models was weak, accounting for less than 5% of the 

variance in both first-day and peak NLR values (Table 4). 

 

Table 4 p-values of the ANCOVA models investigating the effect of a few clinical 

parameters over neutrophil-to-lymphocyte ratio (NLR) (55) 

Clinical 

Characteristic 

Model Investigating D1 

NLR 

Model Investigating Peak 

NLR 

Age (years) 0.5198 0.8520 

Gestational week 0.9482 0.4850 

Number of 

comorbidities 
  

0 vs. 1 0.0776 0.5020 

0 vs. 2 0.4077 0.6700 

0 vs. 3 0.9138 0.4760 

 

Second, mixed-effect models were constructed to determine if the number of 

comorbidities added any additional variance to the NLR values. The results showed that 

no additional variance was introduced for either the first-day or peak NLR values (Table 

5). 
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Table 5 p-values and random effects of the mixed-effect models investigating the effect 

of a few clinical parameters over neutrophil-to-lymphocyte ratio (NLR) (55) 

Clinical Characteristic 
Model Investigating D1 

NLR 

Model Investigating Peak 

NLR 

p-Values 

Age (years) 0.6681 0.3448 

Gestational week 0.9742 0.2054 

Number of 

comorbidities 
  

0 vs. 1 0.1864 0.8583 

0 vs. 2 0.6462 0.1610 

0 vs. 3 0.7542 0.1649 

Random effect 

Random effect of NLR 

values 
0.0006 0.0006 
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4.2. Second study 

The 123 patients were divided into two groups: light/medium severe patients (group 

1), who did not require mechanical respiratory support during COVID-19 (n = 96), and 

seriously ill patients (group 2), who required mechanical ventilation support at some point 

during their illness. The data collected from the two groups, including age at the time of 

infection, NLR on the first day, highest NLR value during the illness, and the number of 

patients whose NLR remained in the normal range, are summarized in Table 6. We 

compared the values of the 123 patients using appropriate statistical methods. The p-

values were accepted at a significance level of 0.05, so the null hypothesis was accepted 

at p<0.05 and rejected at p≥0.05. The obtained values are shown in Table 6. It is evident 

from our values that the two studied patient populations can be considered homogeneous 

with respect to age (p = 0.91). However, apart from age, the other values differ 

significantly between the two patient groups, both on the first day and also the NLR 

values measured during illness and hospital stay (p<0.05). he analysis revealed a 

significant difference in Neutrophil-to-Lymphocyte Ratio (NLR) values between the 

patient groups. On the first day of hospitalization, only 1 patient (3.7%) in the severe 

(2nd) patient group had NLR values within the normal range, whereas 29 patients (30.2%) 

in the mild/moderate (1st) group maintained NLR values within the normal range. This 

disparity becomes more pronounced when considering the peak NLR values: 20 patients 

(20.8%) in the mild/moderate group exhibited peak NLR values within the normal range, 

while no patients in the severe group had peak NLR values within physiological limits. 

These differences are statistically significant. In conclusion, all examined variables, 

except for age, showed significant differences between the two patient groups, which 

were otherwise homogeneous concerning age. 
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Table 6 The patients clinical and laboratory values Group 1 (mild and mediumsevere 

cases) and Group 2 (severe cases) comparison on p=0.05 significancy level (56) 

Clinical Characteristic 
Group 1 

(n = 96) 

Group 2 

(n = 27) 

p-

values 

Age (years) 33.2 ± 3.7 
33.3 ± 

5.09 
0.91 

First-day NLR value 
5.85 ± 

3.75 

9.11 ± 

5.43 
˂0.05 

Number of patients who had the first day NLR 

value in the normal range  

29 

(30.2⁒) 
1 (3,7 ⁒) ˂0.05 

Peak NLR-value during the illness 6,7±4.02  22.3±16.3 ˂0.05 

Number of patients who had the highest NLR 

value still in the normal range  

20 

(20.8⁒) 
0 (0.0 ⁒) ˂0.05 
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5. DISCUSSION 

 

The SARS-CoV-2 was detected in Wuhan, China at the end of 2019. It caused a 

pandemic that quickly swept across the world. Since the end of 2019, we know of more 

than 776 million infected people, while at least 7 million people have died. It’s reasonable 

to conclude that the virus arrived unexpectedly, the healthcare system was unprepared, 

and the doctors and epidemiologists were also inexperienced due to the lack of prior 

practice in this type of situation. Pregnant women were treated as a privileged group, as 

in many other aspects of our lives. The special attention is understandable because there 

were no clear recommendations regarding the therapy and in these cases, we had to decide 

on the lives of two or more people. The Semmelweis University Obstetrics and 

Gynecologist Clinic, especially the staff of the Department of Üllői Street, was under a 

huge burden, as almost all pregnant women infected with COVID-19 in Hungary were 

cared for there. We found that healthy pregnant women do not necessarily have to expect 

a more severe course. On the other hand, the course of some pregnancy pathologies can 

be aggravated by COVID-19. We can also expect a more severe COVID-19 infection in 

pregnant women associated with other comorbidities. Every time, we had to face the 

decision that, with appropriate treatment, the termination of the possible pregnancy 

should be as late as possible from the fetal point of view, and taking into account both 

maternal and fetal aspects, the termination of the pregnancy should not take place too late. 

Our research was therefore directed towards an easy-to-implement, affordable method 

that has already been used successfully in other diseases, which can predict the severity 

of the course of COVID-19 in pregnant women, and possibly help to reduce the number 

of fatal outcomes. The Neutrophil-Lymphocyte ratio proved to be a suitable predictive 

factor. Due to the retrospective nature of our studies and the sensitivity of the topic, our 

database could not be expanded afterward, so although we thought it would be 

informative to also assess the vaccination for our study subjects, we ultimately did not 

have the opportunity to do so. 

 

SARS-CoV-2 is a newly observed betacoronavirus which was first detected in late 

2019 in China. This virus is responsible for the COVID-19 pandemic and caused 

widespread morbidity and mortality. Structurally, SARS-CoV-2 is an enveloped, 
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positive-sense single-stranded RNA virus with a 29.9 kilobases long genome. It contains 

4 main structural proteins: spike S, envelope E, membrane M, and nucleocapsid N 

proteins. (58)  

The virus can enter the host cell with the help of the spike protein, by binding to the 

angiotensin-converting enzyme 2 (ACE-2) receptor, which is the key step in infection(3).  

 The virus uses a really efficient mechanism to enter into the host cell. The host 

proteases such as transmembrane serine protease 2 (TMPRSS2) can help the spike 

protein, to create membrane fusion (59). 

SARS-CoV-2 belongs to the Coronaviridae family, and the also well-known human 

pathogen SARS-CoV and MERS-CoV are also included in this family (22). 

 

According to genomic studies the SARS-CoV-2 has about 79% sequence similarity 

with SARS-CoV and 96% with the bat coronaviruses. Zoonotic origin should be 

considered, and the intermediate hosts could be pangolins (7).  

SARS-CoV-2, similar to other coronaviruses, has also been shown to have acquired 

immunological escape strategies, so it can inhibit the release and activity of the important 

anti-viral response, interferon production (36).  

This evasion can permit unchecked replication of viruses at the onset of the infection, 

which may result in elevated disease severity in the targeted populations, particularly 

those with pre-existing comorbid conditions like cardiovascular diseases, diabetes, 

etc.(60). 

The COVID-19 disease mainly affects the respiratory system. The appearance can vary 

from asymptomatic to severe, and can even lead to critical illness or death (7). Symptoms 

of COVID-19 usually appear within 2-14 days of infection. Fever, cough, and shortness 

of breath may appear, which are among the most common manifestations (30). Some 

patients often report fatigue, muscle pain, and loss of taste and smell, although these do 

not occur in all patients (61). In more severe cases, pneumonia, acute respiratory distress 

syndrome (ARDS), multiple organ failure, or even sepsis or septic shock may develop 

(7). The elderly and patients with medical conditions such as cardiovascular disease, 

diabetes, or obesity are at increased risk of severe consequences from the virus (62). Over 

time, we have recognized that COVID-19 can cause long-term effects, such as “long 

COVID”. In such cases, symptoms persist for weeks or months after acute infection (63). 
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Infection caused by SARS-CoV-2 initiates an immunological response process. The 

functioning of interferons, and proinflammatory cytokines such as IL-6, TNF-α, and IL-

1β becomes unregulated, this is also referred to as a cytokine storm, which eventually 

leads to a hyperinflammatory state (64). The virus can also cause endothelial damage, 

and lead to coagulopathy and thrombosis in both small and large blood vessels. Finally, 

it can manifest in multiple organ failure (65). In the disease, inflammation and vascular 

permeability are increased by modifying the renin-angiotensin system and regulating 

ACE-2, and then ARDS develops (66). The virus also impairs the functioning of the 

immune system, the number of lymphocytes, CD4+, and CD8+ cells decreases, which 

reduces the chance of removing the virus from the body, but increases the chance of 

superinfection (30). This may be the explanation for the long-lasting viral shedding after 

the infection, as well as the appearance of chronic symptoms, which we also referred to 

as long-covid (67). 

The virus also affects the nervous system, where we attribute a major role to 

hematogenous spread. As a result, anosmia is common, but encephalopathy or even stroke 

may appear (68, 69). 

At the time of writing this dissertation, according to the WHO's continuously updated 

database, more than 776 million people have been infected with COVID-19. In total, more 

than 7 million people lost their lives due to the infection. In the last 7 days, more than 

50,000 cases were reported, the vast majority from Europe. 

Our university played a prominent role in the care of pregnant women with COVID-

19 in Hungary. 

Our first patient who was suffering from COVID-19 in June 2020 was admitted. 

We treated approximately in a total of 400 patients. Meanwhile, we lost 10 gravidae. 

In the first part of the pandemic, the systematic reviews suggest that the clinical 

characteristics and severity of COVID-19 disease in pregnant women are generally 

comparable to those in the general population, but it is really important to provide 

specialized care for this demographic. Pregnant women warrant particular attention due 

to their unique physiological state. Furthermore, it is crucial to consider potential 

pregnancy-related pathologies that may exacerbate the severity of COVID-19 in this 

population (15).  
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With the progress of the pandemic and the increase in the number of cases, studies 

have shown that SARS-CoV-2 infection during pregnancy increases the risk of 

pathological pregnancies. 

Another systematic review and meta-analysis where 438,548 pregnant persons were 

examined showed that COVID-19 had a connection with an increased risk for 

preeclampsia, preterm birth, and stillbirth, compared with no SARS-CoV-2 infection 

during pregnancy (70).  

Severe COVID-19 disease (defined as the presence of dyspnoea, respiratory rate of 

≥30 breaths per minute and oxygen saturation of 93% or less on room air, or findings 

consistent with pneumonia) was strongly associated with preeclampsia, gestational 

diabetes, cesarean delivery, preterm birth, low birth weight, and admission to the neonatal 

intensive care unit, compared with mild disease (49).  

 Another systematic review and meta-analysis showed SARS-CoV-2 infected pregnant 

women have an increased risk for preeclampsia; compared with those who haven’t 

suffered from this infection (71).  

Viral infections can cause alterations in the placenta. SARS-CoV-2 is linked to 

negative outcomes for infants and ongoing inflammatory conditions in the placenta. 

Recent investigations into SARS-CoV-2-infected pregnancies have identified numerous 

placental abnormalities, including vascular and inflammatory changes, placental 

infiltration, thromboembolism, tissue death, and reduced blood flow. These modifications 

also include indicators of maternal vascular malperfusion, such as heightened fibrin 

buildup, villous clumping, blood clots between villi, arterial wall thickening, increased 

syncytial knot formation, and structural changes in placentas (72, 73). 

Pregnancies affected by SARS-CoV-2 can result in placental injuries stemming from 

vascular events, which can be clearly observed using prenatal MRI. Research by Pacu et 

al. (74) indicated that microvasculopathy, primarily characterized by signs of maternal 

malperfusion, was commonly found in the placentas of SARS-CoV-2-positive patients. 

While many studies have reported on placental and Doppler ultrasound findings in 

COVID-19-complicated pregnancies (75, 76), the precise effects of SARS-CoV-2 

infection on placental observations and Doppler ultrasound measurements remained 

uncertain during the initial phase of the pandemic. 
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A meta-analysis published by Chen et al. in 2024 concludes that pregnant women 

infected with SARS-CoV-2 face a higher likelihood of abnormal Doppler ultrasound 

parameters and placental findings. These women exhibit increased placental thickness, 

more placental venous lakes, changes in fetoplacental blood flow, and an abnormal 

cerebroplacental ratio throughout all trimesters of pregnancy (77). 

At this time, we focused our attention on a 33-year-old Caucasian woman, who was 

26 weeks pregnant. To highlight from the patient's medical history, she had acute 

pyelonephritis in 2008, which was also followed by acute necrotizing pancreatitis in the 

same year. This led to sepsis and then acute renal failure. The prolonged septic condition 

caused chronic kidney failure, so a kidney transplantation was necessary in 2009. The 

patient was diagnosed with gestational hypertension one month before the infection was 

confirmed, and hospital admission became necessary on the 4th day after the positive 

COVID-19 test. Based on the laboratory and ultrasonography parameters, cesarean 

section was performed in the 29th week of pregnancy. According to the relevant literature, 

we can say that the kidney transplant condition predisposed our patient to the 

development of preeclampsia. The COVID-19 infection probably further accelerated the 

development of the process (47).  

 

So we came to the conclusion that although the course of COVID-19 disease is not 

necessarily more severe in healthy pregnant women. On the other hand, the condition of 

pregnant women complicated by other pregnancy pathologies can be aggravated by a 

SARS-CoV-2 infection. Also, the course of COVID-19 can be more severe in pregnant 

women with already known comorbidities. 

 

Then we inquire into the literature on how it is possible to predict the severity of 

COVID-19 in pregnant women. First to mention is the advanced maternal age, this (≥35 

years) is associated with more severe outcomes, e.g. increased risk for hospitalization 

(50). Additionally, pregnancies associated with other comorbidities like obesity, diabetes, 

and hypertension need special medical attention. In these COVID-19-associated 

pregnancies, the inflammatory response can be exacerbated, contributing to worse 

outcomes (78). 
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We also find lymphopenia and elevated inflammatory markers: C-reactive protein 

(CRP), D-dimer, and ferritin, as good laboratory predictive markers (64, 79).  Lower 

oxygen saturation levels can predict the need for respiratory support and ICU admission 

(80). 

Some imaging findings on chest X-rays or CT scans have been associated with more 

severe disease in pregnant women (81). The multi-organ dysfunction (elevated liver 

enzymes or the sign of kidney injury) can also predict severe outcomes, indicating a 

systemic inflammatory response (49). 

Earlier studies found NLR is an effective marker for predicting pneumonia in SARS-

CoV-2-infected patients (82). It was also described earlier that NLR values are 

significantly higher in patients who did not survive COVID-19 compared to those who 

did (83).  

The Neutrophil-Lymphocyte ratio can be elevated in COVID-19 and also in 

physiological, normal pregnancies (30).  

 

The elevated NLR values were diagnosed in preeclampsia and it can work as a 

predictive factor also and foretell the onset of preeclampsia (84, 85). 

Studies have demonstrated a positive correlation between NLR levels and the 

concentrations of interleukin-6 and interleukin-8 in both liver cirrhosis and ovarian cancer 

(86, 87). Multiple meta-analyses have indicated that elevated NLR is associated with 

poorer outcomes in various conditions, including pulmonary embolism, cardiovascular 

disease, and several types of cancer (88-93). Regarding metabolic disorders, research has 

shown that NLR serves as a predictive marker for both prediabetes and T2DM. 

Additionally, in T2DM patients, NLR has been linked to microalbuminuria, 

cerebrovascular disease, and kidney disease (94-96). 

In the previous years, numerous studies described the connection between elevated 

NLR values and gestational diabetes mellitus and gestational hypertonia (30, 97, 98).  

 

Our first publication shows pregnant women who had died as a result of COVID-19 

had higher, but not significantly higher Neutrophil-Lymphocyte values on the first day 

compared to those who no ventilation was required or mechanical ventilation was 

sufficient.  However, peak NLR values during hospital stay were significantly higher in 
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patients who had died result of the disease compared to the other two control groups. It is 

important to note that no significant difference was observed between the first-day NLR 

values of the two control groups, whereas the peak values were significantly higher in the 

ventilated group.  

Our second study, which uniquely examined the Neutrophil-to-Lymphocyte Ratio 

(NLR) values of 123 pregnant COVID-19 patients, concluded that the NLR values were 

significantly different both on the day of hospital admission and in terms of the highest 

measured value in those with a mild/moderate outcome. It is noteworthy that the number 

of patients whose NLR values were within the normal range (NLR<3.5) on the day of 

admission was also significantly lower in the group with severe outcomes. The number 

of patients in whom the NLR value higher than physiological was never detectable was 

also significantly different between the two groups. 

Finally, we can say the measuring the NLR values could be a useful, easily solved, and 

cheap method to highlight those pregnant women who specifically require close follow-

up. 

If we measure extremely high NLR values in pregnant COVID-19 patients at any point 

during their hospital admission, it is obligatory to monitor the patient so strictly. 

To detect the fatal outcome the NLR value is a useful marker. 
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6. CONCLUSIONS 

Findings 

1) In addition to the predictive factors known from the literature, such as advanced 

maternal age, elevated inflammatory parameters, and characteristic deviations 

detected during imaging processes, the NLR value can also be a useful factor in terms 

of pregnant women. It can help the physicians whose pregnant patient requires 

special attention. 

2) It is challenging to anticipate the exact timing of a patient's peak NLR value, it is 

important to maintain serious monitoring of pregnant COVID-19 patients who has 

exceptionally high NLR values (defined by our ROC analysis as exceeding 18.05) at 

any stage of their hospitalization. The extremely elevated NLR levels can be a 

potential indicator of severe disease progression, increased clinical attention and care 

can be expected from the physicians. 

3) In our other research, we examined the NLR values of 123 pregnant COVID-19 

patients. We concluded that cases with mild/moderate outcomes had significantly 

lower NLR values both on the day of hospital admission and in terms of the highest 

measured values.  
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7. SUMMARY 

The global outbreak of COVID-19, caused by the new coronavirus SARS-CoV-2, has 

emerged as one of the most significant public health challenges of the twenty-first 

century.  

Our research sought to answer the following questions: Can the NLR predict in which 

case we can expect a fatal outcome? Can the Neutrophil-to-Lymphocyte Ratio (NLR) 

provide early insights during hospitalization for identifying pregnant women who may 

require special attention due to a potentially more severe disease course? 

Our patients received treatment at Semmelweis University clinics in Budapest, 

Hungary. The data was collected by two independent researchers from the hospital 

information system. Our first study is a case-control study, the second one is a 

retrospective cohort study. 

In our initial investigation, we conducted a comparative analysis of three groups The 

first cohort comprised patients who succumbed to COVID-19. The second cohort 

consisted of individuals who experienced severe COVID-19 symptoms necessitating 

mechanical ventilation, while the third cohort included patients who exhibited mild 

manifestations of the disease. The NLR value of the fatal outcome group measured on the 

day of admission was elevated, albeit not significantly, compared to the values of the 

other two groups. However, the peak NLR value observed during hospitalization was 

significantly higher in the first group, compared to the values of the other two groups. 

The values of the severe course group were also significantly higher compared to the mild 

course group. In the second study, the 123 patients were divided into two groups: 

light/medium severe patients and seriously ill patients. The NLR value demonstrated a 

statistically significant difference between the two groups across all examined 

parameters. This difference was observed in the value measured on the day of hospital 

admission, the peak value measured during hospitalization, as well as in the number of 

patients whose NLR value remained within the normal range throughout the entire 

hospitalization period. 

We concluded that cases with mild/moderate outcomes had significantly lower NLR 

values both on the day of hospital admission and in terms of the highest measured values. 

The Neutrophil-Lymphocyte ratio emerged as a suitable predictive indicator.  



41 

8. REFERENCES 

 

1. Araf Y, Faruqui NA, Anwar S, Hosen MJ. SARS-CoV-2: a new dimension to our 

understanding of coronaviruses. International microbiology : the official journal of the 

Spanish Society for Microbiology. 2021;24(1):19-24. 

2. Khan M, Adil SF, Alkhathlan HZ, Tahir MN, Saif S, Khan M, Khan ST. COVID-

19: A Global Challenge with Old History, Epidemiology and Progress So Far. Molecules 

(Basel, Switzerland). 2020;26(1). 

3. Hu B, Guo H, Zhou P, Shi ZL. Characteristics of SARS-CoV-2 and COVID-19. 

Nature reviews Microbiology. 2021;19(3):141-54. 

4. Ravi V, Saxena S, Panda PS. Basic virology of SARS-CoV 2. Indian journal of 

medical microbiology. 2022;40(2):182-6. 

5. Jeewandara C, Guruge D, Jayathilaka D, Deshan Madhusanka PA, Pushpakumara 

PD, Tanussiya Ramu S, Sepali Aberathna I, Saubhagya Rasikangani Danasekara DR, 

Pathmanathan T, Gunatilaka B, Malavige S, Dias Y, Wijayamuni R, Ogg GS, Malavige 

GN. Transmission dynamics, clinical characteristics and sero-surveillance in the COVID-

19 outbreak in a population dense area of Colombo, Sri Lanka April- May 2020. PloS 

one. 2021;16(11):e0257548. 

6. Qeadan F, Mensah NA, Tingey B, Stanford JB. The risk of clinical complications 

and death among pregnant women with COVID-19 in the Cerner COVID-19 cohort: a 

retrospective analysis. BMC pregnancy and childbirth. 2021;21(1):305. 

7. Allotey J, Stallings E, Bonet M, Yap M, Chatterjee S, Kew T, Debenham L, 

Llavall AC, Dixit A, Zhou D, Balaji R, Lee SI, Qiu X, Yuan M, Coomar D, Sheikh J, 

Lawson H, Ansari K, van Wely M, van Leeuwen E, Kostova E, Kunst H, Khalil A, Tiberi 

S, Brizuela V, Broutet N, Kara E, Kim CR, Thorson A, Oladapo OT, Mofenson L, Zamora 

J, Thangaratinam S. Clinical manifestations, risk factors, and maternal and perinatal 

outcomes of coronavirus disease 2019 in pregnancy: living systematic review and meta-

analysis. BMJ (Clinical research ed). 2020;370:m3320. 

8. Wastnedge EAN, Reynolds RM, van Boeckel SR, Stock SJ, Denison FC, Maybin 

JA, Critchley HOD. Pregnancy and COVID-19. Physiological reviews. 2021;101(1):303-

18. 



42 

9. Huntley BJF, Huntley ES, Di Mascio D, Chen T, Berghella V, Chauhan SP. Rates 

of Maternal and Perinatal Mortality and Vertical Transmission in Pregnancies 

Complicated by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-Co-V-2) 

Infection: A Systematic Review. Obstetrics and gynecology. 2020;136(2):303-12. 

10. Smith ER, Oakley E, Grandner GW, Rukundo G, Farooq F, Ferguson K, Baumann 

S, Adams Waldorf KM, Afshar Y, Ahlberg M, Ahmadzia H, Akelo V, Aldrovandi G, 

Bevilacqua E, Bracero N, Brandt JS, Broutet N, Carrillo J, Conry J, Cosmi E, Crispi F, 

Crovetto F, Del Mar Gil M, Delgado-López C, Divakar H, Driscoll AJ, Favre G, 

Fernandez Buhigas I, Flaherman V, Gale C, Godwin CL, Gottlieb S, Gratacós E, He S, 

Hernandez O, Jones S, Joshi S, Kalafat E, Khagayi S, Knight M, Kotloff KL, Lanzone A, 

Laurita Longo V, Le Doare K, Lees C, Litman E, Lokken EM, Madhi SA, Magee LA, 

Martinez-Portilla RJ, Metz TD, Miller ES, Money D, Moungmaithong S, Mullins E, 

Nachega JB, Nunes MC, Onyango D, Panchaud A, Poon LC, Raiten D, Regan L, Sahota 

D, Sakowicz A, Sanin-Blair J, Stephansson O, Temmerman M, Thorson A, Thwin SS, 

Tippett Barr BA, Tolosa JE, Tug N, Valencia-Prado M, Visentin S, von Dadelszen P, 

Whitehead C, Wood M, Yang H, Zavala R, Tielsch JM. Clinical risk factors of adverse 

outcomes among women with COVID-19 in the pregnancy and postpartum period: a 

sequential, prospective meta-analysis. American journal of obstetrics and gynecology. 

2023;228(2):161-77. 

11. Nana M, Nelson-Piercy C. COVID-19 in pregnancy. Clinical medicine (London, 

England). 2021;21(5):e446-e50. 

12. Vivanti AJ, Vauloup-Fellous C, Prevot S, Zupan V, Suffee C, Do Cao J, Benachi 

A, De Luca D. Transplacental transmission of SARS-CoV-2 infection. Nature 

communications. 2020;11(1):3572. 

13. Shende P, Gaikwad P, Gandhewar M, Ukey P, Bhide A, Patel V, Bhagat S, Bhor 

V, Mahale S, Gajbhiye R, Modi D. Persistence of SARS-CoV-2 in the first trimester 

placenta leading to transplacental transmission and fetal demise from an asymptomatic 

mother. Human reproduction (Oxford, England). 2021;36(4):899-906. 

14. Patanè L, Morotti D, Giunta MR, Sigismondi C, Piccoli MG, Frigerio L, Mangili 

G, Arosio M, Cornolti G. Vertical transmission of coronavirus disease 2019: severe acute 

respiratory syndrome coronavirus 2 RNA on the fetal side of the placenta in pregnancies 



43 

with coronavirus disease 2019-positive mothers and neonates at birth. American journal 

of obstetrics & gynecology MFM. 2020;2(3):100145. 

15. Mirbeyk M, Saghazadeh A, Rezaei N. A systematic review of pregnant women 

with COVID-19 and their neonates. Archives of gynecology and obstetrics. 

2021;304(1):5-38. 

16. Simbar M, Nazarpour S, Sheidaei A. Evaluation of pregnancy outcomes in 

mothers with COVID-19 infection: a systematic review and meta-analysis. Journal of 

obstetrics and gynaecology : the journal of the Institute of Obstetrics and Gynaecology. 

2023;43(1):2162867. 

17. Salvador-Pinos CA, Martinez EZ, Dueñas-Matute SE, Aguinaga RR, Jácome JC, 

Michelena-Tupiza S, Cárdenas-Morales V. Health of the Newborn and Breastfeeding 

during the COVID-19 Pandemic: A Literature Review. Revista brasileira de ginecologia 

e obstetricia : revista da Federacao Brasileira das Sociedades de Ginecologia e 

Obstetricia. 2022;44(3):311-8. 

18. Mor G, Cardenas I. The immune system in pregnancy: a unique complexity. 

American journal of reproductive immunology (New York, NY : 1989). 2010;63(6):425-

33. 

19. Narang K, Enninga EAL, Gunaratne M, Ibirogba ER, Trad ATA, Elrefaei A, 

Theiler RN, Ruano R, Szymanski LM, Chakraborty R, Garovic VD. SARS-CoV-2 

Infection and COVID-19 During Pregnancy: A Multidisciplinary Review. Mayo Clinic 

proceedings. 2020;95(8):1750-65. 

20. Wiese MD, Berry MJ, Hissaria P, Darby JRT, Morrison JL. COVID-19: can we 

treat the mother without harming her baby? Journal of developmental origins of health 

and disease. 2022;13(1):9-19. 

21. Akinosoglou K, Schinas G, Rigopoulos EA, Polyzou E, Tzouvelekis A, Adonakis 

G, Gogos C. COVID-19 Pharmacotherapy in Pregnancy: A Literature Review of Current 

Therapeutic Choices. Viruses. 2023;15(3). 

22. Adhikari EH, Spong CY. COVID-19 Vaccination in Pregnant and Lactating 

Women. Jama. 2021;325(11):1039-40. 

23. Shimabukuro TT, Kim SY, Myers TR, Moro PL, Oduyebo T, Panagiotakopoulos 

L, Marquez PL, Olson CK, Liu R, Chang KT, Ellington SR, Burkel VK, Smoots AN, 

Green CJ, Licata C, Zhang BC, Alimchandani M, Mba-Jonas A, Martin SW, Gee JM, 



44 

Meaney-Delman DM. Preliminary Findings of mRNA Covid-19 Vaccine Safety in 

Pregnant Persons. The New England journal of medicine. 2021;384(24):2273-82. 

24. Collier AY, McMahan K, Yu J, Tostanoski LH, Aguayo R, Ansel J, 

Chandrashekar A, Patel S, Apraku Bondzie E, Sellers D, Barrett J, Sanborn O, Wan H, 

Chang A, Anioke T, Nkolola J, Bradshaw C, Jacob-Dolan C, Feldman J, Gebre M, 

Borducchi EN, Liu J, Schmidt AG, Suscovich T, Linde C, Alter G, Hacker MR, Barouch 

DH. Immunogenicity of COVID-19 mRNA Vaccines in Pregnant and Lactating Women. 

Jama. 2021;325(23):2370-80. 

25. Berthelot N, Lemieux R, Garon-Bissonnette J, Drouin-Maziade C, Martel É, 

Maziade M. Uptrend in distress and psychiatric symptomatology in pregnant women 

during the coronavirus disease 2019 pandemic. Acta obstetricia et gynecologica 

Scandinavica. 2020;99(7):848-55. 

26. The Lancet P. COVID-19 and mental health. The lancet Psychiatry. 2021;8(2):87. 

27. Vardi N, Zalsman G, Madjar N, Weizman A, Shoval G. COVID-19 pandemic: 

Impacts on mothers' and infants' mental health during pregnancy and shortly thereafter. 

Clinical child psychology and psychiatry. 2022;27(1):82-8. 

28. Thapa SB, Mainali A, Schwank SE, Acharya G. Maternal mental health in the 

time of the COVID-19 pandemic. Acta obstetricia et gynecologica Scandinavica. 

2020;99(7):817-8. 

29. The species Severe acute respiratory syndrome-related coronavirus: classifying 

2019-nCoV and naming it SARS-CoV-2. Nature microbiology. 2020;5(4):536-44. 

30. Bai YY, Xi Y, Yin BB, Zhang JH, Chen F, Zhu B. Reference intervals of systemic 

immune-inflammation index, neutrophil-to-lymphocyte ratio, lymphocyte-to-monocyte 

ratio, and platelet-to-lymphocyte ratio during normal pregnancy in China. European 

review for medical and pharmacological sciences. 2023;27(3):1033-44. 

31. Stasi C, Fallani S, Voller F, Silvestri C. Treatment for COVID-19: An overview. 

European journal of pharmacology. 2020;889:173644. 

32. Wu Y, Kang L, Guo Z, Liu J, Liu M, Liang W. Incubation Period of COVID-19 

Caused by Unique SARS-CoV-2 Strains: A Systematic Review and Meta-analysis. 

JAMA network open. 2022;5(8):e2228008. 

33. Lauer SA, Grantz KH, Bi Q, Jones FK, Zheng Q, Meredith HR, Azman AS, Reich 

NG, Lessler J. The Incubation Period of Coronavirus Disease 2019 (COVID-19) From 



45 

Publicly Reported Confirmed Cases: Estimation and Application. Annals of internal 

medicine. 2020;172(9):577-82. 

34. Petrilli CM, Jones SA, Yang J, Rajagopalan H, O'Donnell L, Chernyak Y, Tobin 

KA, Cerfolio RJ, Francois F, Horwitz LI. Factors associated with hospital admission and 

critical illness among 5279 people with coronavirus disease 2019 in New York City: 

prospective cohort study. BMJ (Clinical research ed). 2020;369:m1966. 

35. Korber B, Fischer WM, Gnanakaran S, Yoon H, Theiler J, Abfalterer W, 

Hengartner N, Giorgi EE, Bhattacharya T, Foley B, Hastie KM, Parker MD, Partridge 

DG, Evans CM, Freeman TM, de Silva TI, McDanal C, Perez LG, Tang H, Moon-Walker 

A, Whelan SP, LaBranche CC, Saphire EO, Montefiori DC. Tracking Changes in SARS-

CoV-2 Spike: Evidence that D614G Increases Infectivity of the COVID-19 Virus. Cell. 

2020;182(4):812-27.e19. 

36. Davies NG, Abbott S, Barnard RC, Jarvis CI, Kucharski AJ, Munday JD, Pearson 

CAB, Russell TW, Tully DC, Washburne AD, Wenseleers T, Gimma A, Waites W, Wong 

KLM, van Zandvoort K, Silverman JD, Diaz-Ordaz K, Keogh R, Eggo RM, Funk S, Jit 

M, Atkins KE, Edmunds WJ. Estimated transmissibility and impact of SARS-CoV-2 

lineage B.1.1.7 in England. Science (New York, NY). 2021;372(6538). 

37. Voysey M, Clemens SAC, Madhi SA, Weckx LY, Folegatti PM, Aley PK, Angus 

B, Baillie VL, Barnabas SL, Bhorat QE, Bibi S, Briner C, Cicconi P, Collins AM, Colin-

Jones R, Cutland CL, Darton TC, Dheda K, Duncan CJA, Emary KRW, Ewer KJ, Fairlie 

L, Faust SN, Feng S, Ferreira DM, Finn A, Goodman AL, Green CM, Green CA, Heath 

PT, Hill C, Hill H, Hirsch I, Hodgson SHC, Izu A, Jackson S, Jenkin D, Joe CCD, 

Kerridge S, Koen A, Kwatra G, Lazarus R, Lawrie AM, Lelliott A, Libri V, Lillie PJ, 

Mallory R, Mendes AVA, Milan EP, Minassian AM, McGregor A, Morrison H, Mujadidi 

YF, Nana A, O'Reilly PJ, Padayachee SD, Pittella A, Plested E, Pollock KM, Ramasamy 

MN, Rhead S, Schwarzbold AV, Singh N, Smith A, Song R, Snape MD, Sprinz E, 

Sutherland RK, Tarrant R, Thomson EC, Török ME, Toshner M, Turner DPJ, Vekemans 

J, Villafana TL, Watson MEE, Williams CJ, Douglas AD, Hill AVS, Lambe T, Gilbert 

SC, Pollard AJ. Safety and efficacy of the ChAdOx1 nCoV-19 vaccine (AZD1222) 

against SARS-CoV-2: an interim analysis of four randomised controlled trials in Brazil, 

South Africa, and the UK. Lancet (London, England). 2021;397(10269):99-111. 



46 

38. Lopez Bernal J, Andrews N, Gower C, Gallagher E, Simmons R, Thelwall S, 

Stowe J, Tessier E, Groves N, Dabrera G, Myers R, Campbell CNJ, Amirthalingam G, 

Edmunds M, Zambon M, Brown KE, Hopkins S, Chand M, Ramsay M. Effectiveness of 

Covid-19 Vaccines against the B.1.617.2 (Delta) Variant. The New England journal of 

medicine. 2021;385(7):585-94. 

39. Biswas B, Chattopadhyay S, Hazra S, Hansda AK, Goswami R. COVID-19 

pandemic: the delta variant, T-cell responses, and the efficacy of developing vaccines. 

Inflammation research : official journal of the European Histamine Research Society  [et 

al]. 2022;71(4):377-96. 

40. Cameroni E, Bowen JE, Rosen LE, Saliba C, Zepeda SK, Culap K, Pinto D, 

VanBlargan LA, De Marco A, di Iulio J, Zatta F, Kaiser H, Noack J, Farhat N, 

Czudnochowski N, Havenar-Daughton C, Sprouse KR, Dillen JR, Powell AE, Chen A, 

Maher C, Yin L, Sun D, Soriaga L, Bassi J, Silacci-Fregni C, Gustafsson C, Franko NM, 

Logue J, Iqbal NT, Mazzitelli I, Geffner J, Grifantini R, Chu H, Gori A, Riva A, Giannini 

O, Ceschi A, Ferrari P, Cippà PE, Franzetti-Pellanda A, Garzoni C, Halfmann PJ, 

Kawaoka Y, Hebner C, Purcell LA, Piccoli L, Pizzuto MS, Walls AC, Diamond MS, 

Telenti A, Virgin HW, Lanzavecchia A, Snell G, Veesler D, Corti D. Broadly neutralizing 

antibodies overcome SARS-CoV-2 Omicron antigenic shift. Nature. 

2022;602(7898):664-70. 

41. Wolter N, Jassat W, Walaza S, Welch R, Moultrie H, Groome M, Amoako DG, 

Everatt J, Bhiman JN, Scheepers C, Tebeila N, Chiwandire N, du Plessis M, Govender 

N, Ismail A, Glass A, Mlisana K, Stevens W, Treurnicht FK, Makatini Z, Hsiao NY, 

Parboosing R, Wadula J, Hussey H, Davies MA, Boulle A, von Gottberg A, Cohen C. 

Early assessment of the clinical severity of the SARS-CoV-2 omicron variant in South 

Africa: a data linkage study. Lancet (London, England). 2022;399(10323):437-46. 

42. Cele S, Jackson L, Khoury DS, Khan K, Moyo-Gwete T, Tegally H, San JE, 

Cromer D, Scheepers C, Amoako DG, Karim F, Bernstein M, Lustig G, Archary D, Smith 

M, Ganga Y, Jule Z, Reedoy K, Hwa SH, Giandhari J, Blackburn JM, Gosnell BI, Abdool 

Karim SS, Hanekom W, von Gottberg A, Bhiman JN, Lessells RJ, Moosa MS, Davenport 

MP, de Oliveira T, Moore PL, Sigal A. Omicron extensively but incompletely escapes 

Pfizer BNT162b2 neutralization. Nature. 2022;602(7898):654-6. 



47 

43. Yang Z, Wang M, Zhu Z, Liu Y. Coronavirus disease 2019 (COVID-19) and 

pregnancy: a systematic review. The journal of maternal-fetal & neonatal medicine : the 

official journal of the European Association of Perinatal Medicine, the Federation of Asia 

and Oceania Perinatal Societies, the International Society of Perinatal Obstet. 

2022;35(8):1619-22. 

44. Pirjani R, Hosseini R, Soori T, Rabiei M, Hosseini L, Abiri A, Moini A, 

Shizarpour A, Razani G, Sepidarkish M. Maternal and neonatal outcomes in COVID-19 

infected pregnancies: a prospective cohort study. Journal of travel medicine. 2020;27(7). 

45. Gynaecologists RCoOa. Coronavirus (COVID-19) Infection in Pregnancy 2022 

[Available from: https://www.rcog.org.uk/media/ftzilsfj/2022-12-15-coronavirus-covid-

19-infection-in-pregnancy-v16.pdf. 

46. Nandor Acs DS. A COVID-19-járvány szülészeti vonatkozásai. Orvosképzés. 

2020;XCI(3.):539-43. 

47. Supák D, Mészáros B, Nagy M, Gáspár D, Wagner LJ, Kukor Z, Valent S. Case 

report: COVID-19 infection in a pregnant 33-year-old kidney transplant recipient. 

Frontiers in medicine. 2022;9:948025. 

48. Rodionov RN, Biener A, Spieth P, Achleitner M, Hölig K, Aringer M, Mingrone 

G, Corman VM, Drosten C, Bornstein SR, Tonn T, Kolditz M. Potential benefit of 

convalescent plasma transfusions in immunocompromised patients with COVID-19. The 

Lancet Microbe. 2021;2(4):e138. 

49. Bellos I, Pergialiotis V. Risk of pregnancy complications in living kidney donors: 

A systematic review and meta-analysis. European journal of obstetrics, gynecology, and 

reproductive biology. 2022;270:35-41. 

50. Papageorghiou AT, Deruelle P, Gunier RB, Rauch S, García-May PK, Mhatre M, 

Usman MA, Abd-Elsalam S, Etuk S, Simmons LE, Napolitano R, Deantoni S, Liu B, 

Prefumo F, Savasi V, do Vale MS, Baafi E, Zainab G, Nieto R, Maiz N, Aminu MB, 

Cardona-Perez JA, Craik R, Winsey A, Tavchioska G, Bako B, Oros D, Rego A, Benski 

AC, Hassan-Hanga F, Savorani M, Giuliani F, Sentilhes L, Risso M, Takahashi K, 

Vecchiarelli C, Ikenoue S, Thiruvengadam R, Soto Conti CP, Ferrazzi E, Cetin I, 

Nachinab VB, Ernawati E, Duro EA, Kholin A, Firlit ML, Easter SR, Sichitiu J, Bowale 

A, Casale R, Cerbo RM, Cavoretto PI, Eskenazi B, Thornton JG, Bhutta ZA, Kennedy 

SH, Villar J. Preeclampsia and COVID-19: results from the INTERCOVID prospective 

https://www.rcog.org.uk/media/ftzilsfj/2022-12-15-coronavirus-covid-19-infection-in-pregnancy-v16.pdf
https://www.rcog.org.uk/media/ftzilsfj/2022-12-15-coronavirus-covid-19-infection-in-pregnancy-v16.pdf


48 

longitudinal study. American journal of obstetrics and gynecology. 2021;225(3):289.e1-

.e17. 

51. Ionescu M, Stoian AP, Rizzo M, Serban D, Nuzzo D, Mazilu L, Suceveanu AI, 

Dascalu AM, Parepa IR. The Role of Endothelium in COVID-19. International journal of 

molecular sciences. 2021;22(21). 

52. Bernard I, Limonta D, Mahal LK, Hobman TC. Endothelium Infection and 

Dysregulation by SARS-CoV-2: Evidence and Caveats in COVID-19. Viruses. 

2020;13(1). 

53. Nardo AD, Schneeweiss-Gleixner M, Bakail M, Dixon ED, Lax SF, Trauner M. 

Pathophysiological mechanisms of liver injury in COVID-19. Liver international : 

official journal of the International Association for the Study of the Liver. 2021;41(1):20-

32. 

54. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Qiu Y, Wang J, Liu Y, Wei Y, 

Xia J, Yu T, Zhang X, Zhang L. Epidemiological and clinical characteristics of 99 cases 

of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet 

(London, England). 2020;395(10223):507-13. 

55. Supák D, Mészáros B, Turi B, Herold Z, Kukor Z, Valent S. Predicting Potentially 

Fatal COVID-19 Disease in Pregnant Patients Using the Neutrophil-to-Lymphocyte Ratio 

(NLR). Journal of clinical medicine. 2023;12(21). 

56. Supák D, Turi B, Kovács BG, Ács N, Mészáros B, Kukor Z, Valent S. [The 

predictive value of normal-range NLR (neutrophil-to-lymphocyte ratio) in SARS-CoV-2 

infection during pregnancy]. Orvosi hetilap. 2024;165(27):1039-43. 

57. Holm S. A Simple Sequentially Rejective Multiple Test Procedure. Scandinavian 

Journal of Statistics. 1979;6(2):65-70. 

58. Astuti I, Ysrafil. Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-

2): An overview of viral structure and host response. Diabetes & metabolic syndrome. 

2020;14(4):407-12. 

59. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen S, 

Schiergens TS, Herrler G, Wu NH, Nitsche A, Müller MA, Drosten C, Pöhlmann S. 

SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a 

Clinically Proven Protease Inhibitor. Cell. 2020;181(2):271-80.e8. 



49 

60. Clerkin KJ, Fried JA, Raikhelkar J, Sayer G, Griffin JM, Masoumi A, Jain SS, 

Burkhoff D, Kumaraiah D, Rabbani L, Schwartz A, Uriel N. COVID-19 and 

Cardiovascular Disease. Circulation. 2020;141(20):1648-55. 

61. Lechien JR, Chiesa-Estomba CM, Place S, Van Laethem Y, Cabaraux P, Mat Q, 

Huet K, Plzak J, Horoi M, Hans S, Rosaria Barillari M, Cammaroto G, Fakhry N, Martiny 

D, Ayad T, Jouffe L, Hopkins C, Saussez S. Clinical and epidemiological characteristics 

of 1420 European patients with mild-to-moderate coronavirus disease 2019. Journal of 

internal medicine. 2020;288(3):335-44. 

62. Liu F, Li L, Xu M, Wu J, Luo D, Zhu Y, Li B, Song X, Zhou X. Prognostic value 

of interleukin-6, C-reactive protein, and procalcitonin in patients with COVID-19. 

Journal of clinical virology : the official publication of the Pan American Society for 

Clinical Virology. 2020;127:104370. 

63. Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder C, Stevens JS, 

Cook JR, Nordvig AS, Shalev D, Sehrawat TS, Ahluwalia N, Bikdeli B, Dietz D, Der-

Nigoghossian C, Liyanage-Don N, Rosner GF, Bernstein EJ, Mohan S, Beckley AA, 

Seres DS, Choueiri TK, Uriel N, Ausiello JC, Accili D, Freedberg DE, Baldwin M, 

Schwartz A, Brodie D, Garcia CK, Elkind MSV, Connors JM, Bilezikian JP, Landry DW, 

Wan EY. Post-acute COVID-19 syndrome. Nature medicine. 2021;27(4):601-15. 

64. Bohn MK, Hall A, Sepiashvili L, Jung B, Steele S, Adeli K. Pathophysiology of 

COVID-19: Mechanisms Underlying Disease Severity and Progression. Physiology 

(Bethesda, Md). 2020;35(5):288-301. 

65. Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt R, Zinkernagel AS, 

Mehra MR, Schuepbach RA, Ruschitzka F, Moch H. Endothelial cell infection and 

endotheliitis in COVID-19. Lancet (London, England). 2020;395(10234):1417-8. 

66. South AM, Diz DI, Chappell MC. COVID-19, ACE2, and the cardiovascular 

consequences. American journal of physiology Heart and circulatory physiology. 

2020;318(5):H1084-h90. 

67. Nehme M, Braillard O, Alcoba G, Aebischer Perone S, Courvoisier D, Chappuis 

F, Guessous I. COVID-19 Symptoms: Longitudinal Evolution and Persistence in 

Outpatient Settings. Annals of internal medicine. 2021;174(5):723-5. 



50 

68. Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, Chang J, Hong C, Zhou Y, Wang 

D, Miao X, Li Y, Hu B. Neurologic Manifestations of Hospitalized Patients With 

Coronavirus Disease 2019 in Wuhan, China. JAMA neurology. 2020;77(6):683-90. 

69. Baig AM, Khaleeq A, Ali U, Syeda H. Evidence of the COVID-19 Virus 

Targeting the CNS: Tissue Distribution, Host-Virus Interaction, and Proposed 

Neurotropic Mechanisms. ACS chemical neuroscience. 2020;11(7):995-8. 

70. Rasmussen SA, Jamieson DJ. COVID-19 and Pregnancy. Infectious disease 

clinics of North America. 2022;36(2):423-33. 

71. Conde-Agudelo A, Romero R. SARS-CoV-2 infection during pregnancy and risk 

of preeclampsia: a systematic review and meta-analysis. American journal of obstetrics 

and gynecology. 2022;226(1):68-89.e3. 

72. Auriti C, De Rose DU, Santisi A, Martini L, Piersigilli F, Bersani I, Ronchetti MP, 

Caforio L. Pregnancy and viral infections: Mechanisms of fetal damage, diagnosis and 

prevention of neonatal adverse outcomes from cytomegalovirus to SARS-CoV-2 and 

Zika virus. Biochimica et biophysica acta Molecular basis of disease. 

2021;1867(10):166198. 

73. Menter T, Mertz KD, Jiang S, Chen H, Monod C, Tzankov A, Waldvogel S, 

Schulzke SM, Hösli I, Bruder E. Placental Pathology Findings during and after SARS-

CoV-2 Infection: Features of Villitis and Malperfusion. Pathobiology : journal of 

immunopathology, molecular and cellular biology. 2021;88(1):69-77. 

74. Pacu I, Roșu GA, Zampieri G, Rîcu A, Matei A, Davițoiu AM, Vlădescu T, 

Ionescu CA. SARS-CoV-2 Infection during Pregnancy and Histological Alterations in 

the Placenta. Diagnostics (Basel, Switzerland). 2022;12(9). 

75. Joshi B, Chandi A, Srinivasan R, Saini SS, Prasad GRV, Puri GD, Bhalla A, Suri 

V, Bagga R. The placental pathology in Coronavirus disease 2019 infected mothers and 

its impact on pregnancy outcome. Placenta. 2022;127:1-7. 

76. Heeralall C, Ibrahim UH, Lazarus L, Gathiram P, Mackraj I. The effects of 

COVID-19 on placental morphology. Placenta. 2023;138:88-96. 

77. Chen L, Yin T, Cai D, Chen X. Evaluation of the effect of SARS-COV-2 infection 

on Doppler ultrasound and placental findings of pregnant women: a systematic review 

and meta-analysis. Ultrasonography (Seoul, Korea). 2024. 



51 

78. Knight M, Bunch K, Vousden N, Morris E, Simpson N, Gale C, O'Brien P, 

Quigley M, Brocklehurst P, Kurinczuk JJ. Characteristics and outcomes of pregnant 

women admitted to hospital with confirmed SARS-CoV-2 infection in UK: national 

population based cohort study. BMJ (Clinical research ed). 2020;369:m2107. 

79. Mullins E, Hudak ML, Banerjee J, Getzlaff T, Townson J, Barnette K, Playle R, 

Perry A, Bourne T, Lees CC. Pregnancy and neonatal outcomes of COVID-19: 

coreporting of common outcomes from PAN-COVID and AAP-SONPM registries. 

Ultrasound in obstetrics & gynecology : the official journal of the International Society 

of Ultrasound in Obstetrics and Gynecology. 2021;57(4):573-81. 

80. Pierce-Williams RAM, Burd J, Felder L, Khoury R, Bernstein PS, Avila K, 

Penfield CA, Roman AS, DeBolt CA, Stone JL, Bianco A, Kern-Goldberger AR, 

Hirshberg A, Srinivas SK, Jayakumaran JS, Brandt JS, Anastasio H, Birsner M, O'Brien 

DS, Sedev HM, Dolin CD, Schnettler WT, Suhag A, Ahluwalia S, Navathe RS, Khalifeh 

A, Anderson K, Berghella V. Clinical course of severe and critical coronavirus disease 

2019 in hospitalized pregnancies: a United States cohort study. American journal of 

obstetrics & gynecology MFM. 2020;2(3):100134. 

81. Oshay RR, Chen MYC, Fields BKK, Demirjian NL, Lee RS, Mosallaei D, 

Gholamrezanezhad A. COVID-19 in pregnancy: a systematic review of chest CT findings 

and associated clinical features in 427 patients. Clinical imaging. 2021;75:75-82. 

82. Damar Çakırca T, Torun A, Çakırca G, Portakal RD. Role of NLR, PLR, ELR and 

CLR in differentiating COVID-19 patients with and without pneumonia. International 

journal of clinical practice. 2021;75(11):e14781. 

83. Abeid ST, Mezedawee AAS, Alam YSJ. EXPLORING THE INFLUENCE OF 

NEUTROPHIL-LYMPHOCYTE RATIO ON OUTCOME PREDICTION OF 

SEVERELY-ILL PATIENTS WITH COVID-19. Wiadomosci lekarskie (Warsaw, 

Poland : 1960). 2022;75(12):2926-32. 

84. Oylumlu M, Ozler A, Yildiz A, Oylumlu M, Acet H, Polat N, Soydinc HE, Yuksel 

M, Ertas F. New inflammatory markers in pre-eclampsia: echocardiographic epicardial 

fat thickness and neutrophil to lymphocyte ratio. Clinical and experimental hypertension 

(New York, NY : 1993). 2014;36(7):503-7. 



52 

85. Thombare D, Bhalerao A, Dixit P, Joshi S, Dapkekar P. Neutrophil-to-

Lymphocyte Ratio and Platelet-to-Lymphocyte Ratio in Antenatal Women With Pre-

eclampsia: A Case-Control Study. Cureus. 2023;15(6):e40338. 

86. Lin L, Yang F, Wang Y, Su S, Su Z, Jiang X, Zheng Y, Deng Y, Lv H, Zhao J, 

Lin R, Wang B, Sun C. Prognostic nomogram incorporating neutrophil-to-lymphocyte 

ratio for early mortality in decompensated liver cirrhosis. International 

immunopharmacology. 2018;56:58-64. 

87. Sanguinete MMM, Oliveira PH, Martins-Filho A, Micheli DC, Tavares-Murta 

BM, Murta EFC, Nomelini RS. Serum IL-6 and IL-8 Correlate with Prognostic Factors 

in Ovarian Cancer. Immunological investigations. 2017;46(7):677-88. 

88. Zhan H, Ma JY, Jian QC. Prognostic significance of pretreatment neutrophil-to-

lymphocyte ratio in melanoma patients: A meta-analysis. Clinica chimica acta; 

international journal of clinical chemistry. 2018;484:136-40. 

89. Bowen RC, Little NAB, Harmer JR, Ma J, Mirabelli LG, Roller KD, Breivik AM, 

Signor E, Miller AB, Khong HT. Neutrophil-to-lymphocyte ratio as prognostic indicator 

in gastrointestinal cancers: a systematic review and meta-analysis. Oncotarget. 

2017;8(19):32171-89. 

90. Ethier JL, Desautels D, Templeton A, Shah PS, Amir E. Prognostic role of 

neutrophil-to-lymphocyte ratio in breast cancer: a systematic review and meta-analysis. 

Breast cancer research : BCR. 2017;19(1):2. 

91. Wang Q, Ma J, Jiang Z, Ming L. Prognostic value of neutrophil-to-lymphocyte 

ratio and platelet-to-lymphocyte ratio in acute pulmonary embolism: a systematic review 

and meta-analysis. International angiology : a journal of the International Union of 

Angiology. 2018;37(1):4-11. 

92. Angkananard T, Anothaisintawee T, McEvoy M, Attia J, Thakkinstian A. 

Neutrophil Lymphocyte Ratio and Cardiovascular Disease Risk: A Systematic Review 

and Meta-Analysis. BioMed research international. 2018;2018:2703518. 

93. Dong CH, Wang ZM, Chen SY. Neutrophil to lymphocyte ratio predict mortality 

and major adverse cardiac events in acute coronary syndrome: A systematic review and 

meta-analysis. Clinical biochemistry. 2018;52:131-6. 



53 

94. Wan H, Wang Y, Fang S, Chen Y, Zhang W, Xia F, Wang N, Lu Y. Associations 

between the Neutrophil-to-Lymphocyte Ratio and Diabetic Complications in Adults with 

Diabetes: A Cross-Sectional Study. Journal of diabetes research. 2020;2020:6219545. 

95. Mertoglu C, Gunay M. Neutrophil-Lymphocyte ratio and Platelet-Lymphocyte 

ratio as useful predictive markers of prediabetes and diabetes mellitus. Diabetes & 

metabolic syndrome. 2017;11 Suppl 1:S127-s31. 

96. Assulyn T, Khamisy-Farah R, Nseir W, Bashkin A, Farah R. Neutrophil-to-

lymphocyte ratio and red blood cell distribution width as predictors of microalbuminuria 

in type 2 diabetes. Journal of clinical laboratory analysis. 2020;34(7):e23259. 

97. Pace NP, Vassallo J. Association Between Neutrophil-Lymphocyte Ratio and 

Gestational Diabetes-A Systematic Review and Meta-Analysis. Journal of the Endocrine 

Society. 2021;5(7):bvab051. 

98. Ozkan D, Ibanoglu MC, Adar K, Ozkan M, Lutfi Tapisiz O, Engin-Ustun Y, 

Iskender CT. Efficacy of blood parameters in predicting the severity of gestational 

hypertension and preeclampsia. Journal of obstetrics and gynaecology : the journal of the 

Institute of Obstetrics and Gynaecology. 2023;43(1):2144175. 

 

  



54 

9. BIBLIOGRAPHY OF PUBLICATIONS 

 

Publications related to the thesis: 

 

Supák, Dorina, Balázs Turi, Bence Géza Kovács, Nándor Ács, Balázs Mészáros, Zoltán 

Kukor, and Sándor Valent. 2024. “A Normáltartományban Maradó NLR (Neutrophil-

Lymphocyta Arány) Prediktív Értéke a Várandósság Alatt Jelentkező SARS-CoV-2 

Fertőzésben.” ORVOSI HETILAP 165 (27): 1035–1039. doi:10.1556/650.2024.33065. 

IF: 0,8 

 

Supák, Dorina, Balázs Mészáros, Balázs Turi, Zoltán Herold, Zoltán Kukor, and Sándor 

Valent. 2023. “Predicting Potentially Fatal COVID-19 Disease in Pregnant Patients Using 

the Neutrophil-to-Lymphocyte Ratio (NLR).” JOURNAL OF CLINICAL MEDICINE 

12 (21). doi:10.3390/jcm12216896. 

IF: 3,0   

 

Supák, Dorina, Balázs Mészáros, Márta Nagy, Dániel Gáspár, László J. Wagner, Zoltán 

Kukor, and Sándor Valent. 2022. “Case Report: COVID-19 Infection in a Pregnant 33-

Year-Old Kidney Transplant Recipient.” FRONTIERS IN MEDICINE 9. 

doi:10.3389/fmed.2022.948025. 

IF: 3,9 

 

Ács, N, and D Supák. 2020. “A COVID-19-Járvány Szülészeti Vonatkozásai.” 

ORVOSKÉPZÉS 95 (3): 539–543. 

  



55 

Publications not related to the thesis: 

 

Kovács, Bence Géza, Gergely Asbóth, Dorina Supák, Balázs Mészáros, Tamás Marton, 

Nándor Ács, Sándor Valent, and Zoltán Kukor. 2024. “Inositol-Exchange Activity in 

Human Primordial Placenta.” INTERNATIONAL JOURNAL OF MOLECULAR 

SCIENCES 25 (6). doi:10.3390/ijms25063436. 

IF: 4,9 

 

Pánczél, Zita, Dorina Supák, Bence Kovács, Zoltán Kukor, and Sándor Valent. 2020. “A 

Pravasztatin Hatása Tetrahidrobiopterin-Érzékeny És -Rezisztens Praeeclampsiás 

Placenták NO-Szintáz-Aktivitására.” ORVOSI HETILAP 161 (10): 389–395. 

doi:10.1556/650.2020.31670. 

IF: 0,545 

 

Markus, B, K Voros, D Supak, Z Melczer, K Cseh, and L Kalabay. 2017. “Association 

of PPAR Alpha Intron 7 G/C, PPAR Gamma 2 Pro12Ala, and C161T Polymorphisms 

with Serum Fetuin-A Concentrations.” PPAR RESEARCH 2017. 

doi:10.1155/2017/7636019. 

IF: 3.386 

 

Supák, Dorina, Jennifer Adeghate, Éva Baranyai, Károly Cseh, and Zsolt Melczer. 2014. 

“Emelkedett Szérum Acilált Ghrelin- És Resistinszintek Összefüggése a Terhességi 

Testsúllyal, Az Inzulinrezisztenciával És a Magzat Antropometriai Paramétereivel.” 

MAGYAR NŐORVOSOK LAPJA 77 (5): 6–14. 

 

Erős, Erika, Anett Hajós, Réka Kovács, and Dorina Supák. 2012. “A Pozitív 

Családtervezés Gyakorlata Az Országos Gyermekegészségügyi Intézetben – Az Elmúlt 

Hat Év Tükrében.” ORVOSI HETILAP 153 (42): 1667–1673. 

doi:10.1556/OH.2012.29470. 

 

Erős, Erika, and Dorina Supák. 2010. “Szexuális Felvilágosítás: Eleget Teszünk-E a 

Kamaszokért?” GYERMEKGYÓGYÁSZAT 61 (6): 54–57.  



56 

10. ACKNOWLEDGEMENTS 

 

At the conclusion of this dissertation, I wish to express my deep gratitude to those 

without whom this achievement would not have been possible. I extend my sincere thanks 

to my supervisor, Sándor Valent, for his unwavering encouragement throughout this 

journey. 

I am profoundly grateful to the members of the research group—Balázs Mészáros, 

Balázs Turi, Zoltán Herold, and Zoltán Kukor—whose dedicated work, consistent 

guidance, support, and trust were instrumental in the completion of this study. 

I also wish to thank my mentors at the Obstetrics and Gynecology Clinic of 

Semmelweis University, Professor Nándor Ács and Professor Ferenc Bánhidy, for their 

invaluable support. 

Special appreciation is due to the Science Management Working Group and the 

Doctoral School for facilitating the timely writing and completion of my dissertation. I 

am particularly indebted to my advisor, Dr. Marianna Török, for her assistance in crafting 

this thesis. 

I would also like to acknowledge Dr. Márton Keszthelyi and Dr. Lotti Keszthelyi for 

their unexpected yet invaluable practical advice. 

Finally, I extend my heartfelt thanks to my family and friends for their unwavering 

support during even the most challenging times. 

 


