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The fundamental problem

This PhD thesis started from the desire to study a completely new disease that the entire
medical community has faced and which even at the time this paper was published does not
benefit from a specific treatment.

From the first case of pneumonia of unknown cause that appeared in Wuhan province of
China on 8" December 2019 [1], to the declaration of a pandemic by the World Health
Organization on March 11, 2020 [2], the whole world and especially the medical community,
watched terrified how a new virus named SARS-CoV-2 [3] produced severe pneumonia,
initially in China, then in Europe, and later throughout the world.

The disease caused by it, COVID-19, is not fully understood even at this time, despite the
efforts of the medical community. The development of a vaccine quickly became the main
concern for disease prevention, and efforts led to the approval of the first messenger RNA
vaccine on August 23, 2021 [4]. In addition to these, numerous therapies have been tried to treat
the disease and its complications, some with good results, and in the case of other medications
the recommendation was to eliminate them from the treatment protocols.

The WHO declared the end of the pandemic on May 5, 2023, with the mention that there
is still a risk related to the new variants of the virus [5].

Although preventive measures have been taken, several vaccines have been developed,
quarantine has been instituted, and the entire medical community has concentrated its physical
and intellectual forces to fight this virus, on April 2024 there are over 767 million of confirmed

cases and nearly 7 million deaths worldwide [6].

Research ipothesis

The hypothesis of this research was to determine if the evolution of patients with SARS-
CoV-2 pneumonia is influenced by the associated pathology, especially if it is cardiovascular
comorbidities or type 2 diabetes and if the therapy administrated had an influence on the
outcomes. In addition to this, the purpose was to observe sequelae imaging or respiratory

functional changes in patients cured of the disease of COVID-19.



The study objectives

The main objective of the study is to follow the evolution of hospitalized patients with a
moderate or severe form of the disease, depending on demographic data, clinical manifestations,
therapy administered, associated comorbidities or the need for admission to an Anesthesia and
Intensive Care Unit.

Another objective was to study the complications developed by these patients in the short
term (during hospitalization) and in the medium-long term (through a re-evaluation after
discharge from the hospital).

Last but not least, another objective was to determine some risk factors that may lead to
an unfavorable prognosis in the case of patients with SARS-CoV-2 pneumonia.

Research methodology

The study is retrospective observational, non-randomized, which included cases admitted
to “Marius Nasta” Institute of Pneumology between March 2020 and August 2021, using the
H3 Concept hospital program - Hippocrate medical system, from which the medical letters of
these patients were extracted. The period includes hospitalized cases in the first three waves of
the pandemic. All data were entered into the Microsoft Excel program version 2016, and the
statistical analysis was performed using the R program, version 4.0.2.

From the total number of 2837 cases, those that met the criteria for inclusion in the study
were selected, the final group including 1844 hospitalized patients with SARS-CoV-2
pneumonia, whose evolution was cured/deceased/transferred.

For the analysis of risk factors, transferred cases where the evolution could not be followed
were excluded, the analysis being performed on a sample of 1813 cases, provided that the data
are complete.

The inclusion criteria in the study are: age over 18 years; signing the informed consent at
the time of admission; SARS-CoV-2 infection confirmed by one of the following tests: rt-PCR,
rapid antigen test or IgG or IgM anti-SARS-CoV-2 antibodies; imaging lesions compatible with
the diagnosis of SARS-CoV-2 viral pneumonia described in the literature: chest X-ray or
computed tomography; detailed epicrisis, containing data about symptomatology or clinical

examination (especially saturation at admission), associated comorbidities, complications



occurred during hospitalization and the patient's evolution; complete scheme of treatment
administered during hospitalization (also verified during the epicrisis).

Exclusion criteria are: suspected cases, who had at least one negative PCR or rapid Ag
test and who did not have any of these positive tests during hospitalization; the absence of
imaging analysis such as chest X-ray or chest computed tomography or analysis present and
within normal limits, on which no suggestive lesions are described to be compatible with the
diagnosis of pneumonia; lack of informed consent.

Limitations of the study are as follows: (1) no data could be obtained on the type of virus
strain with which the patients were infected; (2) only blood samples from admission could be
analyzed, their subsequent evolution could not be followed; (3) the duration of the
hospitalization could not be analyzed, because during the period that included the cases,
hospitalization for at least 14 days was mandatory for each confirmed patient; (4) only the first
3 waves of the pandemic were included during the study period; (5) no data were available on
patients' previous home treatment for SARS-CoV-2 infection, duration or type of medication
used; (6) the chest computer tomography examination was performed in most cases only at
admission; a reassessment would also have been useful, but this was not possible in many cases;
(7) the percentage of damage in the chest CT scan was not available in all cases; (8) could not
differentiate between type 1 or type 2 diabetes because there was only one case of type 1
diabetes; (9) glycosylated hemoglobin could not be assessed on admission to see glycemic
control in the past 3 months and determine whether it is newly diagnosed, unbalanced diabetes
or whether hyperglycemia is the acute consequence of viral infection; (10) body mass index was
not available to see if there is a correlation between obesity and possibly its degree and infection
with the SARS-CoV-2 virus; (11) in order to establish the "long COVID" impact, assessments
were needed at set time intervals after discharge, for example 3, 6 and 12 months, at least two
assessments to be able to obtain statistically significant data; (12) for reassessments, the 6-
minute walk test and the mMrc dyspnea scale may be useful; (13) the smoker/non-smoker status

was unknown.



The structure of the chapters

The thesis is structured in eight chapters, the general part includes Chapters 1 and 2, the
special part includes Chapters 5, 6, 7 and Chapter 8 with the conclusions and personal
contributions.

Chapter 1 presents general data about the SARS-CoV-2 virus. It belongs to the
coronavirus family and is an enveloped virus with positive RNA polarity [7] whose viral
reservoir is the bat [8]. It has four proteins in its structure, M, S, N and E, each of them having
different structural and functional roles. Protein S constitutes the spicules that give the
appearance of the crown of the virus and favors the penetration into the host cell, through the
binding of the S1 subunit by the ACE 2 receptors on its surface [9,10]. The abundance of these
receptors in the body makes the virus affect any organ, but having an increased tropism for the
respiratory system [11,12]. The pathological processes that occur after infection are
hyperinflammation, endothelitis and procoagulant status [13]. Symptomatology may be absent
in approximately one third of infected cases [14], but when present, it consists of: fever, chills,
disturbances of taste or smell, persistent cough, loss of appetite and myalgia [15]. Dyspnea can
be present, but not perceived by the patient, in which case it is the consequence of a hypoxemia
calledsilent hypoxemia” or "happy hypoxemia” [16]. The diagnosis of the infection is mainly
made by a quantitative method of reverse transcription of the polymerase chain reaction (reverse
transcription quantitative polymerase chain reaction or rt-PCR) [13]. Blood tests show some
changes characteristic for the infection, and high-resolution chest CT examination is a sensitive
diagnostic method, which can detect lesions from the early stages [17].

In Chapter 2, are presented data on the COVID-19 disease. This includes five clinical
forms, defined according to symptomatology and clinical or laboratory changes and which guide
the administered therapy [18]. From the point of view of comorbidities, the most common are
type 2 diabetes and hypertension, which are also the main negative prognostic factors related to
the associated pathology [19]. The increased tropism of the virus causes any organ to be
affected, so that patients' comorbidities may suffer decompensations. At the same time, certain
drugs used in chronic background treatment can worsen the evolution of patients, an example
of this being metformin used first-line in the case of type 2 diabetes and which can cause lactic

acidosis in the presence of hypoxia, requiring insulin replacement [20].



The therapy administered to patients with COVID-19 disease is still under research, with
treatment guidelines being updated in real time, with some therapies being excluded from the
recommendations. There are several ongoing studies, one of the largest being the RECOVERY
study.

Another aspect related to the disease involves the complications that appear, both during
hospitalization and at a distance from it, the sequelae changes being grouped under the name of”
long COVID"and can involve any organ.

Chapters 3 and 4 include research objectives, methodology, study inclusion and exclusion
criteria, study limitations, and descriptive statistics data about the entire sample.

Chapter 5 includes the study of the therapy administered in the case of the entire sample
including 1844 patients, medication administered according to the specific recommendations
issued by Orders issued by the Ministry of Health. It was observed that in the case of certain
therapies (corticosteroids, antibiotics, Remdesivir and Tocilizumab) mortality was higher, but
this is most likely related to the severity of the form of the disease, this medication being
recommended in the case of severe and critical forms. At the same time, in order to be able to
issue pertinent conclusions with statistical significance, a placebo-controlled study would be
necessary. Regarding the preference for a certain treatment in patients with diabetes or
cardiovascular diseases, no statistical significance was identified for any drug.

Anticoagulant medication was administered in a percentage of over 90% each month, but
95 cases with thromboembolic events were identified, of which 94 benefited from
anticoagulants. Administration of antibiotics is over 50% every month, but studies have shown
that bacterial superinfection occurs in 3-10% of hospitalized patients, and even if over 50%
received antibiotics, only 5% required this therapy [21]. Corticosteroids had a reduced
administration in the first months, later exceeding 90%, the recommendation being in the case
of those with respiratory insufficiency [22]. Of the specific antiviral medication,
hydroxychloroquine and the lopinavir/ritonavir combination were administered only based on
the recommendations, being discontinued when they changed. Tocilizumab had a reduced
monthly administration, most likely based on availability and recommendations for critical
forms. The main antivirals used were Remdesivir and Favipiravir.

Chapter 6 includes two studies: the identification of short-term complications, which

occur during hospitalization and for the analysis of which the entire sample was included, and



the second study which is about medium-long-term complications and which was carried out on
a sample of 402 cases, which they had mentioned the lesional percentage on the chest CT exam.
Among the short-term complications, the most common are the respiratory and metabolic ones.
Of the respiratory complications, approximately 98% represent respiratory failure and
approximately 2% are represented by pneumomediastinum and pneumothorax. The latter have
a low incidence of less than 1% [23], which can increase up to 15% in the case of those intubated
and mechanically ventilated, secondary to the associated barotrauma [24]. However, this is a
controversial theory, with some studies identifying pneumomediastinum as a complication of
ARDS associated with severe forms of the disease [25].

Metabolic complications identified are the consequence of injury to the pancreas, liver or
kidney. Hyperglycemia was identified in 805 cases, of which only 315 were known to have
diabetes prior to admission. Renal injury was identified by GFR calcification and was identified
in 787 cases, of which 62 had prior renal pathology. Liver injury was considered at higher values
of liver transaminases, respectively at doubling the normal value and was identified in 235 cases,
of which 77 had previous liver pathology.

The cardiovascular complications identified are thromboembolic events in 4.82% of the
number of cases, with the main headquarters at the level of the pulmonary vessels and
arrhythmias, the most frequent being atrial fibrillation. Enterocolitis was identified at a
percentage below 2% as well as infectious complications, in the case of the latter the percentage
is probably underestimated due to the lack of bacteriological tests, the main infection being
enterocolitis with Cl. diff and lung-based infections. A percentage below 2% were also
hemorrhagic complications, based most frequently at the level of the digestive tract, and
neurological complications were identified at approximately 1.5%.

Medium-long-term complications were analyzed in a number of 100 cases from the
sample of 402, those who came for evaluation after hospital discharge. A statistical analysis
could not be performed, as a minimum of two evaluations at set time intervals were required,
but some observations were made: of the 81 who had respiratory failure during hospitalization,
22 were discharged with long-term oxygen therapy at home, and at reassessment 7 had SpO2
lower than 90%; 47 stated dyspnea at the re-evaluation, out of the 70 who mentioned this
symptom at the onset of the disease; out of 42 CT re-examinations, 1 shows sequelae changes,
most of them with lesions in regression; the main change in respiratory tests is DVR, FEV1 is



decreased in 25 cases out of 87 evaluated, and DLCO is decreased in 44 cases out of 62
evaluated; 14 cases had known previous lung pathology.

Chapter 7 includes a study carried out on a sample of 1813 cases from the total number,
whose evolution was towards healing or death. The aim was to identify risk factors by
calculating the OR. Demographic data, symptomatology since the onset of the disease,
comorbidities, laboratory investigations (parameters from blood tests), oxygen saturation at
admission and the need for admission to an ATI department were analyzed. We identified male
gender and advanced age as risk factors, a meta-analysis also identified these demographics as
risk factors with OR=1.32 for male and OR=1.05 for each additional year of age [26]. Dyspnea
Is the main risk factor among symptoms at onset, with OR=2.72 in our study and a double OR
in a meta-analysis that included 2091 patients [27]. Among the comorbidities, we identified as
risk factors cardiovascular pathology, diabetes, chronic kidney disease and previous
neurological pathology, and pulmonary and oncological diseases had no statistical significance.

Among the laboratory analyses, we identified the increased value above 554 ng/mL of D-
dimers as a risk factor, with a mortality of 20%. A meta-analysis that included 40,614 patients
showed that they are independent factors of mortality [28]. Other parameters identified as
determining a negative prognosis are: high levels of neutrophils, leukocytosis, low lymphocytes,
thrombocytopenia, neutrophil/lymphocyte ratio. Low saturation at admission is associated with
a mortality of 24% for values <88%, and for admission to the ATI ward we identified mortality
at approximately 60%.

The risk was also analyzed in the case of the association of age with diabetes or
cardiovascular pathology, and it was identified that the influence of these diseases on mortality
is greatly diminished in the case of patients under 51 years of age and those over 70 years of

age.

Conclusions

1. Administered therapy was based on recommendations issued by some Ministry of
Health Orders, updated according to real-time research results, but in the case of certain drugs
(such as anticoagulants) the decision was made on the basis of medical judgment.

2. Some drugs have been associated with a higher risk of mortality, but this is most likely
due to the fact that they were indicated more for severe and critical forms of the disease.
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3. The most common complications identified are respiratory and metabolic, and among
the respiratory complications, the most common is respiratory failure.

4. Pneumothorax and pneumomediastinum have a low incidence and do not appear to be
associated with mechanical ventilation.

5. The most common nosocomial infection is enterocolitis with Clostridium difficile, but
it is very possible that there is an underestimation of nosocomial infections, due to the lack of
bacteriological confirmation.

6. Acute organ injury due to viral infection can be evidenced by biochemical changes such
as hyperglycemia, increased liver transaminases and decreased glomerular filtration rate, in the
conditions in which they occurred in patients without previously known pathology.

7. Among the cardiovascular complications, the most frequent were thromboembolic
events, especially in the pulmonary vessels, and the most frequent arrhythmia is atrial
fibrillation.

8. The main risk factors with the highest mortality are represented by respiratory failure
and admission to the ATI ward.

9. From a paraclinical point of view, risk factors are: leukocytosis, lymphopenia,
neutrophilia, thrombocytopenia, but especially high values of D-dimers and RNL.

10. From the point of view of symptoms, dyspnea is the only identified risk factor.

11. The comorbidities with the strongest impact on mortality are cardiovascular and type
2 diabetes, the presence of pre-existing pulmonary and oncological conditions not representing

negative prognostic factors.

Personal contributions

1. | created an assemblage image regarding the therapeutic management of patients
hospitalized in a first-line COVID center, starting with the onset of the pandemic and covering
the first three waves of infection, a period when therapeutic guidelines and research were in
their infancy.

2. | identified short-term complications that made the management of hospitalized patients
difficult.
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3. I identified the risk added by the existence of some comorbidities, but also the fact that
certain diseases such as chronic pulmonary and oncological conditions are not risk factors for a
negative prognosis in our study.

4. | briefly presented a hospitalized case in which embolic complications progressed
despite anticoagulant treatment, and the changes given by the existence of pneumomediastinum
improved even though the patient was intubated and mechanically ventilated, a situation that is
controversial in the literature, mechanical ventilation being incriminated in development of
pneumomediastinum.

5. I have identified negative prognostic factors that are easily obtained from demographic
data, clinical parameters, or blood samples obtained since the admission of patients.

6. | analyzed the risk for different symptoms and identified a population that presents a
maximum risk of an unfavorable prognosis, being represented by those who have dyspnea from

the onset, but without cough, without fever and without anosmia.

Future possible research

The current study leaves room for much further research, leaving many unanswered
questions related to SARS-CoV-2 virus infection or the pandemic:
- the impact of the infection from the point of view of symptoms and imaging changes depending
on the smoking or non-smoking status of the individual,
- the differences between the infecting strain, respectively between the cases included in each
wave,
- the impact of the virus in terms of type 2 diabetes, whether it is a pre-existing pathology or a
consequence of the COVID disease;
- the framing of the long-term COVID as an independent pathology and possible therapeutic
options for it - can residual lung changes be reversible?
- the effectiveness of vaccination against SARS-CoV-2 in Romania;
- are there laboratory changes in the blood samples in the dynamics, which can suggest the
unfavorable evolution of a case?;
- are there individual protective factors that determine the evolution of the infection towards a
mild or moderate form of the disease and the cure of pneumonia without sequelae?;

- identifying an effective and specific treatment against the SARS-CoV-2 virus.
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