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Abstract: The COVID-19 pandemic has had a major impact on health systems around the globe and
Romania is no exception. The impact on healthcare expense for pregnant women has been
considerable, especially in COVID-only tertiary centers, where specialized care is being provided.
The aim of this study is to analyze the impact of SARS-CoV-2 infection on healthcare costs, in
particular by managing cases in COVID-only maternity. Material and Methods: The objective of
the study was to analyze if the model adopted by the health system consisting in complete
separation of delivering obstetrical care for covid and non-covid patients was efficient. We
conducted an observational study in which we compared a group of pregnant women infected with
SARS-CoV-2 (study group) with a control group in which we included uninfected pregnant women.
The patients were recruited from Bucur Maternity Hospital, declared a COVID-only center in march
2020. We compared the two groups in terms of expenses over the entire period of hospitalization,
i.e. expense on hospitalization, medicines, medical supplies, and medical investigations. Results:
Even though the average number of hospital days was lower for positive pregnant women, there
was an increase in hospitalization costs (16147,152 RON vs 8135,459 RON), almost double. The
biggest differences appeared in medication costs (966,456 RON vs 209,778 RON), in the costs of
sanitary materials (29933,637 RON vs 175,631 RON), and in costs of medical investigations (906,906
RON 211,996 RON). Conclusion: Through the current study, we found a significant increase in all
costs caused by SARS-CoV-2 infection in maternity, tertiary center. The costs were increased by
the length of hospitalization, medication, and medical investigations, but also by the use of sanitary
materials. COVID-19 had a major impact on healthcare costs, with an increase of up to 70 times for
pregnant women with severe forms of the disease. Considering those results and barring the access
to obstetrical care for non covid patients it is reasonable to conclude that the strategy was not
efficient and very expensive increasing the burden of the expenses without evident benefit.

Keywords: COVID-19; SARS-COV-2; pregnancy

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202305.0568.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 May 2023 do0i:10.20944/preprints202305.0568.v1

1. Introduction

Since its discovery in November 2019, Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) has infected an estimated 200 million people around the world and been responsible
for more than 4 million deaths worldwide [0]. As it spread rapidly across continents, the World
Health Organization (WHO) declared in March 2020 that the COVID-19 pandemic was one of the
global health issues of concern [2]. The WHO has also requested early identification, the isolation and
management of patients, tracking of contacts and social distancing to interrupt the transmission chain
[3].

The spread of COVID-19, the increasing number of patients and the complications of the disease
have imposed high medical costs on both patients and the healthcare system [4]. Although costs vary
depending on several factors such as the number of infected persons, the severity of the disease, the
average length of hospitalization, and the average length of stay in the intensive care unit [5,6],
international studies have shown that the economic burden of direct medical costs for patients with
COVID-19 has been significantly higher than for other infectious diseases due to higher mortality
and a higher likelihood of hospitalization [7].

The COVID-19 pandemic has had a significant impact on health systems around the world and
Romania is no exception. In this country, the health system was already dealing with many
difficulties before the pandemic, including a lack of medical staff, equipment, and funding [8]. The
COVID-19 pandemic has only worsened these problems and highlighted the need for health system
reform in Romania [9]. There has been no specific treatment for SARS-COV-2 and tremendous efforts
have been made to find an effective treatment to reduce both morbidity and mortality [10].

The impact on healthcare expenditure for pregnant women has been considerable, especially in
tertiary centers providing only COVID, where specialized care is provided. The increased need for
healthcare facilities during the pandemic has put a strain on the health system, leading to increased
expenditure [11].

A contributory factor to the rising costs of healthcare is the need for personal protective
equipment (PPE) for healthcare professionals [11]. Pregnant women are considered at higher risk for
COVID-19, and the use of PPE has become routine for healthcare workers. The cost of PPE has
increased due to increased demand and lack of availability, which has been passed on to patients in
the form of greater healthcare costs [12].

In addition, many hospitals have implemented additional safety measures such as increased
testing and isolation protocols for pregnant women. These measures have resulted in longer hospital
stays and additional medical procedures, which have contributed to the rise in healthcare costs [5].

The aim of this study is to analyze the impact of SARS-CoV-2 infection on healthcare costs, in
particular by managing cases in COVID-only maternity.

2. Materials and Methods

The objective of the study was to analyze if the model adopted by the health system consisting
in complete separation of delivering obstetrical care for covid and non-covid patients was efficient.
We conducted an observational study in which we compared a group of pregnant women infected
with SARS-CoV-2 (study group) with a control group in which we included uninfected pregnant
women. The patients were recruited from Bucur Maternity Hospital, declared a COVID-only center
in March 2020. The patients in the study group were recruited throughout the pandemic, from March
2020- March 2022.

Patients were included after written informed consent was obtained and the study received
ethical committee approval.

Inclusion criteria for the study group were: gestational age between 24 and 40 weeks, RT-PCR
test or Antigen test positive for SARS-CoV-2, live fetus, singleton pregnancies and patients who gave
birth.

Inclusion criteria for the control group were: gestational age between 24 and 40 weeks, live fetus,
singleton pregnancies, patients who gave birth.
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Exclusion criteria: age under 16 years old, patients who requested discharge on demand,
stillbirth.

The studied parameters were: maternal age, gestational age, type of test for SARS-CoV-2, days
of infection, type of birth, presence of symptoms (cough, fever, chills, shortness of breath and other
uncommon symptoms) , the severity of infection, antiviral treatment, days in Intensive Care Unit
(ICU), number of hospital days, expense report for hospitalization, treatment, medical supplies, and
blood tests. All information were obtained from the patient's observation record and from the
expense report attached to the discharge notes.

In order to prove the impact of SARS-CoV-2 infection on the healthcare system, we compared
the results obtained from infected patients with a group that included all pregnant women who gave
birth between January 2019 — January 2020.

Data analysis was performed with the statistical package for social sciences (SPSS) v. 19.0. We
analyzed the characteristics of all patients using descriptive statistic tests of each group separately.
Pearson’s correlation was used as appropriate and two-sided p values of <0.05 were considered to be
statistically significant.

3. Results

After inclusion and exclusion criteria were applied, the study included 300 patients positive for
SARS-CoV-2 infection who gave birth in the pandemic, and 300 patients in the control group.

In the study group, the mean maternal age was 30,58 years vs 27,36 years in the control group,
50 we can observe an increase in maternal age during the pandemic period. In the COVID-19 period
there were hospitalized 10% patients with pregnancy under 37 weeks of gestation, in comparison
with only 4,62% non-COVID-19 patients. As can be seen, during the pandemic period there were
significant differences, especially in the type of birth, i.e. a significant increase in the incidence of
cesarean section compared to the non-COVID period (81,36% vs 63,32%)(Tablel).

Table 1. General data.

Non- COVID-19 patients

COVID-19 patients (n=300)p-value (n=300) p-value
Maternal age (years,
30,58 (18-47) <0,001 27,36 (18- 39) <0,001
ranges)
Gestational age
> 37 weeks- 90% <0,001 > 37 weeks- 95,38% <0,001
(percentage)
< 37 weeks- 10% < 37 weeks — 4,62%
Type of birth (vaginal vs = Vaginal birth- 18,64%  <0,001 Vaginal birth- 36,68% <0,001
cesarean- percentage) Cesarean birth- 81,36% Cesarean birth- 63,32%
H italizati
ospitalization days 5,65 (1-24) <0,001 6,88 (3-26) <0,001
(mean, ranges)
Total expense (mean, 16147,152 (2333,38-
e 148836,35) <0,001 8135,459 (2028,53- 19316,80) <0,001

Hospitalization expense
(RON,mean, ranges)
Medicines expense
(RON,mean, ranges)
Medical supplies
(RON,mean, ranges)
Medical investigations
(RON,mean, ranges)

9193,496 (1493,56- 50511,06) <0,001 7474,342 (1870,78- 18549,44) <0,001
966,456 (30,38- 4781,81)  <0,001 209,778 (3,18-490,53)  <0,001
2933,637 (16,89- 21305,45) <0,001 175,631 (44,21-386,12)  <0,001

906,906 (114,01- 7685,59)  <0,001 211,996 (40,48- 474,66) <0,001

According to Table 1, the average number of days of hospitalization in these years is 5,65 days,
lower than in the non-COVID-19 period, i.e. 6,88 days.
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Even if the average hospitalization days were shorter during the pandemic period, according to
Table 1 we can see a significant increase in hospitalization costs (16147,152 RON vs 8135,459 RON),
almost double. As it can be seen, the biggest differences appear in medication costs (966,456 RON vs
209,778 RON), especially in terms of the introduction of antivirals in most treatment plans, in the
costs of sanitary materials (29933,637 RON vs 175,631 RON), the increase is determined by the
introduction of compulsory equipment consisting of overalls or reinforced gowns and FFP2 or FFP3
masks. The cost of medical investigations also increased by 4 times, because a long list of blood tests
was required to determine the appropriate treatment, which was repeated to monitor the evolution
of the patients, and most patients underwent chest X-rays and CT scans.

Table 2 illustrates the distribution of SARS-CoV-2 infected patients according to COVID
vaccination, disease severity, and evolution during hospitalization. As can be seen, a very small
percentage of patients were vaccinated against COVID-19, i.e. 16,8%; 26,1% were patients with
moderate and severe forms, and 94,7% had a favorable evolution during hospitalization.

Table 2. COVID- 19 characteristics.

Days of infection (mean, ranges) 4,51 (1-26)

Vaccination status (percentage) Onyzccinated S0ION
Vaccinated 16,8 %

Asymptomatic and mild 74 %

Severity (percentage) Moderate 11 %
Severe 15,1 %
Improved 94,7%

Patient evolution (percentage) Transfer 4%

Dead 1,3%

According to Table 1, we found a significant increase in all costs for SARS-CoV-2 positive
patients. Under these conditions in Table 3 it can be visualized which factors have caused the high
expenses during the pandemic period. As far as medication costs are concerned, it can be seen that
these have increased not only by increasing the percentage of antibiotics (97.5% vs. 63.3%), but also
by the constant addition of corticosteroids (66.7%) and antivirals (8.3%), drugs which in non-COVID
cases were administered in certain cases such as the threat of premature birth (corticosteroids - 3.9%)
or were never administered (antivirals).

Table 3. Costs differences.

COVID-19 Non-COVID-19

-val -val
patients (N=300) p-vatue patients (N=300) p-vaite
Antibiotherapy 97,5% <0,001 63,3 % <0,001
(percentage)
Corticotherapy (percentage) 66,7% <0,001 3,9 % <0,001
Antivirals (percentage) 8,3% <0,001 -
1 . .
ntensive care unit days 2,18 (0-15)  <0,001 0,68 (0-1) <0,001
(mean, ranges)
Thoracic radiography 63,3% <0,001 012 % <0,001
(percentage)
1 set- 36,7% <0,001 1 set- 63,4 % <0,001
f bl
Se;ii‘; nlt’ (o‘;fct:;’:: i‘;r 2 sets- 53,5% 2 sets- 33,2 %
P P & >3 sets- 9,8 % >3 sets- 3,4 %

The average length of intensive care unit stay for positive patients was 2,18 days, with a
maximum of 15 days, in comparison with only 0,68 days in non-COVID cases. All patients with severe
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COVID-19, i.e. 15.1%, were admitted to the intensive care unit for more than 5 days, during which
time they received mechanical ventilation support.

The tripling of the costs noted in Table 1 can be explained by an increase in the number of
investigations per patient in the case of infected pregnant women. Table 3 shows a much higher
percentage of chest X-rays (63.3%) performed routinely in moderate and severe cases of COVID-19,
as well as an increase in the number of blood investigations per patient (1 set- 36.7% vs 63.4%,; 2 sets-
53.5% vs 33.2%; = 3 sets- 9.8% vs 3.4%).

In a more schematic form, Figure 1 shows the distribution of cost components (hospitalization,
medication, medical supplies, and medical investigations) in cases of pregnant women infected with
SARS-CoV-2 according to the severity of the disease, as well as those not infected.

20000.00

15000.00
10000.00 |
5000.00
Non-COVID-19  Asymptomatic or Moderate COVID- Severe COVID-19
mild COVID-19 19

B Hospitalization expense B Medicines expense

Medical supplies Medical investigations

Figure 1. Distribution of cost components by COVID-19 severity.

According to our study costs increased significantly not only according to the presence of
infection but also according to severity. There was a strong correlation between case severity and
direct and indirect costs of hospitalization (p<0.001).The costs of a severe case of COVID-19 can be
about 3 times higher than a mild case and 70 times higher than a non-COVID-19 case.

4. Discussions

The objective of this study was to outline the impact of SARS-CoV-2 infection on healthcare
system resources through the perspective of a maternity unit exclusively for infected patients.

Following this study we were able to demonstrate a significant increase in the costs of
hospitalization, medication and investigations correlated with the increase in the severity of the
disease, but also compared to the cases of uninfected pregnant women.

The increase in costs was due to several factors such as an increase in the percentage of births by
caesarean section (81.36% vs 63.32%), premature births (10% vs 4.62%), the number of days spent in
ICU (2.18 vs 0.68), multiple medications (antibiotics, corticosteroids, antivirals) and routine
investigations in moderate and severe cases of illness (chest X-rays, chest CT, multiple sets of blood
tests). As we know, both caesarean operations and premature births, as independent factors, involve
high costs by increasing the number of days of hospitalization, including in ICU, and by the use of
various medications.

As in other studies, we also found an increased rate of cesarean section births and premature
births during the pandemic [13-16]. In the pre-COVID-19 period, the minimum length of stay for
cesarean delivery was 3 days, with a total cost of approximately 2000 RON/hospitalization. Our
findings suggest that pregnant women positive for SARS-CoV-2 infection, on average, stayed in the
hospital for about 5 days, at an approximate cost of 9000 RON/ hospitalization, thus more than 4
times higher. The main determinant of this increase in cost is related to the PPE needed to care for
patients infected with COVID-19. Medical oxygen is the leading cost factor when pregnant women
present with severe COVID-19 and require a long hospital stay.

In a 2020 review, the authors reported that the median cost of a vaginal delivery was $40 in a
public hospital, while the cost of a cesarean delivery was $178 in public hospitals in low income and
middle income countries before SARS-CoV-2 pandemic and in cases of pregnant women infected, the
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costs increased 6 times for vaginal birth and 16 times for caesarean birth [17]. Our findings suggest
that the state pays for pregnant women with COVID-19 twice as much and up to 70 times as much if
they have COVID-19, the severe form. This finding is of considerable concern, especially given that
we are talking about a public hospital, which is seen as a foundation stone for achieving universal
health coverage [18].

It has been ascertained that tertiary hospitals are significantly more expensive for care compared
to both secondary and primary health units, mainly because of the specialist skills that are
concentrated there [19]. The main determinant in this increase in the cost of use for deliveries relates
to the PPE required to care for patients infected with COVID-19. This surge in PPE as a major cost
driver (up to 50%) is worrying. Previously, while cost factors varied by country, a majority reported
that medicines and supplies, transport, and accommodation were the main cost factors women had
to address to access care [18]. Nevertheless, there is also the issue of medical oxygen emerging as the
main cost factor (up to 48%) in severe cases requiring a long hospital stay. This is happening despite
it being the second most important component of the COVID-19 care bundle [19].

Before COVID-19, health professionals had some form of PPE to protect them when providing
services, but not enough for adequate care. During the COVID-19 pandemic, demand exceeded
supply worldwide [20]. More than half of healthcare workers reported that they did not have access
to enough PPE to keep themselves safe during consultations [21]. At the beginning of the pandemic,
the cost of PPE was lower, but it skyrocketed, along with the price of surgical masks ( 6 times), N95
respirators ( 3 times), and surgical gowns (2 times) [20].

Given the costs involved in caring for pregnant women with SARS-CoV-2, it can be established
that prevention of infection is better than cure, which is where vaccination of pregnant women
against SARS-CoV-2 comes in [22]. This strategy would have substantial cost-saving implications for
pregnant women. According to our study, only 16.8% of pregnant women were vaccinated at the
time of admission. Unfortunately, the vaccination campaign has not been very successful since its
launch in October 2021, and all pregnant women with severe COVID-19 were unvaccinated.

There are multiple studies on the impact of the pandemic on healthcare costs in which increased
use of healthcare resources and a significant increase in costs were found. It is difficult to compare
expenditures because of differences in healthcare costs, population, or methodology. There are
studies from Switzerland [23], the USA [24], Turkey [25,26], China [27], and Saudi Arabia [28]
where the burden on the healthcare system in terms of resource use and costs has been shown to be
substantial. In a study of 70 patients in China during the early period of the pandemic, the cost per
patient was identified as USD 6827, of which the largest proportion was medication, i.e. 45.1% [19].
A study by ALTEMS (Advanced School of Health Economics and Management at the Catholic
University of Sacro Cuore in Rome) shows that each patient treated in Italian hospitals costs the state
almost €8,500, while the cost for each patient who deceased from Covid in a hospital was almost
€9,800 [29]. To date, a significant impact of COVID-19 on health expenditure and on all state
economies has been reported [30,31].

Researchers have shown that health spending is a factor that can be used to drive economic
growth [32]. The pandemic has had devastating effects in several areas, not only on health [33]. These
devastating effects have far outweighed the health costs. The International Monetary Fund estimates
the cost of COVID-19 at three trillion euros for the European Union [34].

This study was an attempt to estimate the COVID-19 burden in COVID-19-only centers, based
on data from a maternity, tertiary center. Among the pandemic prevention and control strategies, the
measures implemented for the safety of healthcare workers were quite extensive. Personal protective
gowns, gloves, and masks such as N95, FFP2, and FFP3, as well as face shields and goggles had to be
used during contact with patients. Efforts such as the conversion of existing areas or the creation of
special wards isolated from other parts of the hospital, the division into "red" zones for infected
patients, and "green" zones for medical staff, also generated additional costs. In addition, performing
COVID-19 diagnostic tests on every patient or newborn, repeated at certain times, especially in the
first wave, caused additional costs of care for other diseases.
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In the first part of the COVID-19 pandemic, doctors were inclined to hospitalize patients for
close follow-up for any severity. However, this habit changed over time, and only patients with a
more severe form or lower oxygen saturation were hospitalized. In September 2020, the WHO
recommended outpatient monitoring of mild-form patients [35].

The economic impact of the pandemic on hospitals that had to restrict access to health services
for patients who were not COVID-positive but needed medical care appears to be another issue that
requires further investigation. COVID-19 has brought exacerbated expenditure in the Romanian
health system: 594 million euros went directly to the budget of the National Health Insurance House
for the settlement of anti-COVID treatments to hospitals; 214 million euros represented the purchase
of equipment and doctors' bonuses.

This money was budgeted for the purchase of protective equipment, payment of bonuses to
medical staff, tests, and expansion of health services accessible to vulnerable groups, but so far there
are no reported settlements.

5. Conclusion

Through the current study, we found a significant increase in all costs caused by SARS-CoV-2
infection in a maternity, tertiary center. For patients with severe forms of the disease, the costs could
even be 70 times higher than a case without COVID complications. The costs were increased by the
length of hospitalization, medication, and medical investigations, but also by the use of sanitary
materials especially dedicated to the protection of medical professionals. Considering those results
and barring the access to obstetrical care for non covid patients it is reasonable to conclude that the
strategy was not efficient and very expensive increasing the burden of the expenses without evident
benefit.
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