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Abstract 
Introduction: Since COVID-19 first surfaced in 2019, it has seriously threatened public health. The most prevalent symptoms are respiratory 
ones. This study aimed to present the correlation between the severity of the clinical presentation of the disease and the results of respiratory 
function tests conducted within 6 months after hospital discharge.  
Methodology: This retrospective study included 99 patients with confirmed SARS-CoV-2 virus infection. Of all patients 24.2% had accentuated 
bronchovascular pattern, 9.1% had unilateral, and 29.3% had bilateral pneumonia. In comparison, 35.4% patients had diffuse changes, which 
were described as acute respiratory distress syndrome (ARDS) on computed tomography (CT).  
Results: Patients with unilateral, bilateral pneumonia or diffuse lung damage had significantly lower forced vital capacity (FVC) values. They 
were treated with non-invasive mechanical ventilation (NIV) or invasive mechanical ventilation (MV) and had lower FVC values (0.039). A 
negative, weak correlation existed between CT findings during the infection and Diffusing capacity for carbon monoxide (DLCO) measured 
after the infection (0.003). A negative, weak correlation was found between oxygen therapy, the use of NIV, and MV findings during the 
infection with DLCO. A negative correlation was noted between leukocyte values during the infection and forced expiratory volume in the first 
second (FEV1) and FVC after the infection.  
Conclusions: Patients with COVID-19 infection who need oxygen support and MV continue to suffer from loss of respiratory function after 
the resolution of COVID-19 infection. These findings highlight the negative predictive value of pulmonary tests in the long-term follow-up for 
the development of PC-ILD as well as decreased pulmonary capacity. 
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Introduction 

COVID-19 is an acute systemic infectious disease 
caused by the SARS-CoV-2 coronavirus. [1]. The 
disease, first described in December 2019 in Wuhan, 
China, has led to a global pandemic that continues to 
persist. This disease has significant consequences on 
global mortality, as well as socio-economic 
repercussions [2]. The presentation of the disease varies 
from asymptomatic or mild symptoms to severe clinical 
forms with a fatal outcome [3]. In approximately 80% 
of cases, the virus leads to symptoms of the upper 
respiratory tract, resulting in a mild form that can be 
managed with symptomatic therapy. In the remaining 
20% of cases, a significantly more severe form of the 

disease occurs, leading to a systemic inflammatory 
response with a cytokine storm, followed by fibrosis 
[4]. Over 15% of hospitalized patients with COVID-19 
infection develop acute respiratory distress syndrome 
(ARDS) [5]. In addition to epidemiological data, 
clinical characteristics, and laboratory findings, 
radiological diagnostics plays an invaluable role in 
early recognition, triage, and prognostic assessment. 
These methods can also be used in the evaluation of 
therapy and the monitoring of COVID-19 patients [6]. 
Among the imaging methods for visualizing structural 
changes, the literature describes the sensitivity of 
MSCT (multi-slice computed tomography) in screening 
for SARS-CoV-2 as high as 98% [7].  
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Lung parenchymal damage during COVID-19 
infection in clinical studies correlates with a reduction 
in lung function several months after acute infection. 
Evidence regarding lung function tests post-discharge 
in COVID-19-treated patients is described in 
retrospective studies with small sample sizes. In 
patients with a severe clinical presentation, there is a 
reduction in forced vital capacity (FVC), diffusing 
capacity for carbon monoxide (DLCO), total lung 
capacity (TLC), six-minute walk test, and impaired 
respiratory muscle strength, thus respiratory 
rehabilitation [8,9]. Numerous studies have shown that 
lung function parameters partially improved in post-
discharge lung function tests. However, a certain degree 
of restrictive alterations persisted [8]. In comparison to 
patients who did not have a severe clinical presentation, 
patients with severe forms of the disease showed a 
higher frequency of deviations in DLCO values, a 
decrease in TLC, as well as a reduction in the distance 
covered in the 6-minute walk test [10]. All of these 
factors have a consequential impact on the quality of 
life of these patients and their daily activities. 

Long COVID or post-COVID is a disorder 
characterized by the persistence of COVID-19 
symptoms after 3 months of infection and affects 
millions of people globally. The most common long-
lasting symptoms are dyspnea, chest pain, fatigue, 
tachycardia, “brain fog”, anxiety, and depression [11]. 
The most supported theory is an autoimmune process. 
“Post-COVID-19 Interstitial Lung Disease” (PC-ILD) 
is a disorder characterized by fibrotic-like signs at chest 
CT-scan associated with pulmonary function test 
abnormalities [12]. We need more clinical trials to 
evaluate the efficacy of treatment for long-term COVID 
and sequelae.  

This study aimed to evaluate the long-term 
consequences of severe COVID patients by comparing 
respiratory function test results with the severity of 
clinical presentation or need for applying oxygen\MV 
support. 

 
Methodology 
Clinical Methodology 

This retrospective study was conducted at the Clinic 
for Pulmonology of the University Clinical Center of 
Serbia during the year 2021. The study included 99 
patients with previously confirmed SARS-CoV-2 virus 
infection. Sociodemographic information, clinical 
characteristics (need for oxygen therapy, NIMV or 
MV), chest imaging methods, and laboratory analyses 
(complete blood count, D-dimer, lactate 
dehydrogenase, C-reactive protein, ferritin) were 

obtained from the patients' medical history. After 
recovery, during follow-up outpatient visits in the 6 
months following the infection, lung function tests were 
conducted. Lung function parameters were measured 
through spirometry and the diffusion capacity for 
carbon monoxide (CO) in accordance with the 
guidelines of the American Thoracic Society/European 
Respiratory Society ATS/ERS) (13). Spirometry 
measurements included forced expiratory volume in the 
first second (FEV1), forced vital capacity (FVC), and 
their ratio FEV1/FVC. Lung diffusion capacity 
(DLCO) and the coefficient of diffusion (KCO) were 
measured using a lung carbon monoxide transfer factor 
measurement apparatus. (Master Screen Diff) [13,14].  

 
Statistical Methodology 

This study used both descriptive and analytical 
statistical methods. Descriptive statistics were 
calculated for basic demographic and clinical 
characteristics. Normal distribution was tested using 
graphical and mathematical methods. Continuous 
variables were presented as mean with standard 
deviation or median and percentiles, depending on the 
data distribution. Nominal data were presented as 
absolute and relative numbers. To compare statistically 
significant differences between the study groups, the χ2 
test (or Fisher's test) for nominal data was used. The 
significance level was set at 0.05. Statistical analysis 
was performed using the IBM SPSS software package 
21. (Chicago).  

 
Results 

The average age of the patients was 60.0 ± 12.4 
years, with the youngest patient being 31 years old and 
the oldest 83 years old. Approximately two-thirds of the 
patients were male (58.6%). Only two patients had no 
radiographic structural changes on the chest CT scan. 
Of all patients-24 (24.2%) had accentuated 
bronchovascular patterns, 9 (9.1%) had unilateral, and 
29 patients (29.3%) had bilateral pneumonia, while 35 
(35.4%) patients had diffuse changes, which were 
described as ARDS on CT scan. 

Three-quarters of the patients were on oxygen 
therapy, with half using an oxygen mask, 16 using a 
high-flow nasal cannula (HFNC), 9 on NIV, and one 
patient was intubated and on MV. Two-thirds of the 
patients had white blood cell counts within the 
reference range, 12% had decreased values, and 19% 
had elevated values. One-third of the patients had 
lymphocyte counts within the reference range, while 
decreased values were observed in two-thirds of the 
patients. CRP values were elevated in 96% of the 
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patients. More than 80% of the patients had elevated 
Lactate dehydrogenase (LDH) values. Ferritin was 
elevated in two-thirds of the patients. D-dimer was 
elevated in three-quarters of the patients Up to 6 months 
after the infection, the lung function of the patients was 
analyzed, and the results are shown in Table 1. The 
FVC of 17 patients and the FEV1 value of 16 patients 
were below the LLN values. 

The correlation between FVC after a COVID-19 
infection and the clinical presentation during the 
COVID-19 infection was examined, and the results are 
shown in Table 2. A negative, weak correlation existed 
between CT findings during the infection and FVC 
measured after the infection. Patients with unilateral or 
bilateral pneumonia or diffuse lung damage had 
significantly lower FVC values. A negative, weak, 
statistically significant correlation was observed 
between oxygen therapy during the infection and FVC 
measured after the infection. Patients who used NIV or 
MV had lower FVC values. A negative correlation was 
noted between leukocyte values during the infection 
and FVC after the infection. Patients with higher 
leukocyte values had significantly lower FVC values. 
There was no statistically significant association 
between lymphocyte values and CRP during the 
infection with FVC values after the infection. A weak, 
negative correlation existed between LDH and ferritin 
during the infection with FVC after the infection. 
Patients with higher LDH and ferritin values had 
significantly lower FVC values. D-dimer was not 
significantly associated with FVC. 

The correlation between FEV1 after a COVID-19 
infection and the clinical presentation during the 
COVID-19 infection was examined, and the results are 
shown in Table 2. A negative, weak correlation existed 
between CT findings during the infection and FEV1 
measured after the infection. Patients with unilateral or 
bilateral pneumonia or diffuse lung damage had 
significantly lower FEV1 values. There was no 
significant association between FEV1 and oxygen 
therapy. A negative correlation was noted between 

leukocyte values during the infection and FEV1 after 
the infection. Patients with higher leukocyte values had 
significantly lower FEV1 values. There was no 
statistically significant association between lymphocyte 
values, CRP, LDH, ferritin, or D-dimer during the 
infection with FEV1 values after the infection. 

The correlation between DLCOc after a COVID-19 
infection and the clinical presentation during the 
COVID-19 infection was examined, and the results are 
shown in Table 2. A negative, weak correlation existed 
between CT findings during the infection and DLCOc 
measured after the infection. Patients with unilateral or 
bilateral pneumonia or diffuse lung damage had 
significantly lower DLCOc values. A negative, weak 
correlation was found between oxygen therapy, the use 
of NIV, and MV findings during the infection with 
DLCOc measured after the infection. There was no 
statistically significant association between leukocyte, 
lymphocyte, CRP, LDH, ferritin, or D-dimer values 
during the infection with DLCOc values after the 
infection. 

The correlation between KCOc after a COVID-19 
infection and the clinical presentation during the 
COVID-19 infection was examined, and the results are 
shown in Table 2. There was no significant association 
between CT findings and oxygen therapy during the 
COVID infection with KCOc measured after the 
infection. There was no statistically significant 
association between leukocyte, lymphocyte, CRP, 

Table 2. Association of FVC, FEV1, DLCOc and KCOc after COVID infection with the clinical presentation during the COVID infection. 
 FVC FEV1 DLCOc KCOc 

r p r p r p r p 
CT -.295** 0.003 -.219* 0.03 -.293** 0.003 -0.124 0.22 
O

2
 -.223* 0.026 -0.144 0.154 -.235* 0.019 -0.116 0.251 

NIMV/MV -.209* 0.039   -.203* 0.024   
Leukocytes -.205* 0.042 -.248* 0.013 -0.165 0.104 0.047 0.644 
#Lymphocytes -0.01 0.923 0.053 0.601 0.026 0.802 0.115 0.257 
CRP -0.117 0.25 -0.154 0.127 0.009 0.926 0.091 0.372 
LDH -.202* 0.045 -0.189 0.061 -0.18 0.074 -0.06 0.558 
Ferritin -.227* 0.024 -0.171 0.09 -0.183 0.069 -0.01 0.918 
D Dimer -0.149 0.142 -0.182 0.071 -0.16 0.114 -0.035 0.732 

 

Table 1. Distribution of patients based on lung function 
parameters. 
 n (%) 
FVC  
Restriction 17 (17.2) 
Normal Value 82 (82.8) 
FEV1  
Obstruction 16 (16.2) 
Normal Value 83 (83.8) 
DLCOc  
Impaired Diffusion 75 (75.8) 
Normal Value 24 (24.2) 
KCOc  
Impaired Diffusion 53 (53.5) 
Normal Value 46 (46.5) 
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LDH, ferritin, or D-dimer values during the infection 
with KCOc values after the infection. 

 
Discussion 

In the early months of the pandemic, scientific 
literature focused on studying the transmission 
mechanisms, virus detection tests, diverse clinical 
presentation, and the search for suitable therapeutic 
options. It soon became clear that attention needed to be 
paid to the long-term consequences of this disease in the 
post-COVID period. The first studies, which included 
the monitoring of patients after discharge following 
treatment for the infection and conducted lung function 
tests at various time intervals, emerged a few months 
after the start of the pandemic. This had an impact on 
the treatment approach and the use of pulmonary 
rehabilitation. In this study we have shown respiratory 
dysfunction in COVID-19 patients after up to 6 months 
of discharge from the clinic. 

About two-thirds of the patients in our study group 
were male. These data are in line with findings in the 
global literature [15]. Male individuals are more 
frequently affected compared to females, with a gender 
ratio ranging from 1.6 to 1 up to 2.8 to 1 in favor of 
males. Various social and behavioral factors (alcohol 
consumption, smoking history, profession) as well as 
comorbidities could explain the worse outcomes in 
males compared to females globally [16]. The most 
common comorbidities in our study group were 
cardiovascular, respiratory, or endocrinological 
conditions. At least one comorbidity was present in 
87% of the patients, which is expected given the 
average age of the patients (78% of patients were older 
than 50 years). 

Three-quarters of our patients were on oxygen 
therapy (via mask or HF) regardless of the extent of 
structural changes, with only nine requiring NIV, and 
one patient was on mechanical ventilation. Our results 
confirm that high oxygen flow rates via a mask or 
HFNC, as well as the use of the prone position, reduce 
the need for intubation and the use of NIV. Tascon et 
al. compared the effects of HF oxygen therapy via nasal 
cannula with conventional oxygen therapy via a mask 
in terms of the need for endotracheal intubation and the 
duration of clinical recovery in patients with severe 
COVID-19. In their conclusion, the authors stated that 
the use of HF oxygen therapy in patients with a severe 
clinical presentation significantly reduced the need for 
mechanical ventilation and had a favorable impact on 
the duration of clinical recovery for patients [17]. These 
findings align with the data from our study.  

A negative, weak, statistically significant 
correlation existed between oxygen therapy (mask or 
HFNC) during the infection and FVC measured after 
the infection. Patients who used NIV or mechanical 
ventilation had significantly lower FVC values. These 
results are correlated with CT findings of extensive 
structural changes, diffuse or bilateral, as well as 
elevated leukocyte values. Leukocytosis was associated 
with a more severe clinical presentation and CT 
findings of diffuse and bilateral changes, likely 
resulting in impairment of the subjects' vital capacity. 
The persistence of fibrotic changes after a COVID 
infection could explain the lower FVC values [18]. 
Recovery from pneumonia takes around 3–6 months in 
patients with severe COVID-19 pneumonia [19,20]. So, 
if we want to detect the structural damage or functional 
abnormalities caused by COVID-19, the 6-month 
period after the recoveries is best. Lower FVC values, 
or restriction, can be a consequence of the development 
of fibrous tissue during the healing process. Low values 
of FEV1 (in patients with obstructive ventilation 
disorder or mixed disorder with a predominance of 
obstruction) can be a consequence of bronchial mucosa 
inflammation due to the virus or the appearance of 
traction bronchiectasis. The development of restrictive 
lung disease and reduced diffusion capacity during the 
post-COVID period is due to fibrosis [18]. However, 
we still cannot provide a comprehensive assessment of 
the mechanisms behind persistent sequelae [21]. In 
COVID infection, lung injuries such as edema, 
bronchial inflammation and cytokines, and abnormal 
surfactant function, can cause deterioration in gas 
diffusion due to prolonged MV, and these changes may 
decrease the functional capacity [22]. The study by 
Afsin et al., conducted 12 weeks after a COVID 
infection, demonstrated that patients with a severe form 
of bilateral pneumonia who required mechanical 
ventilation had significantly lower values of FEV1, 
FVC, and DLCO [23]. Our data are in line with the 
literature, as a negative correlation has been 
demonstrated between CT findings during the infection 
and FVC, FEV1, and DLCOc measured after the 
infection. Patients with unilateral, bilateral pneumonia, 
or diffuse lung damage had significantly lower DLCOc 
values. Sirayder et al. concluded that respiratory 
function, functional capacity, quality of life, and fatigue 
in patients with severe COVID-19 infection were 
impaired even 6 months after discharge from the 
intensive care unit, which can be explained by fibrosis 
during the recovery process from acute infection [19]. 
We did not find a correlation between mechanical 
ventilation (invasive) and the development of post-
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COVID abnormalities, probably because of the small 
number of patients treated with such respiratory 
support. 

Vascular inflammation and coagulation disorders 
can be seen in older patients with comorbidities [24]. 
This is why we investigated the correlation of D-dimer 
with lung function tests, and we did not find a 
statistically significant association between this marker 
and lung function parameters [25]. Ferritin was elevated 
in two-thirds of the patients, and we only found a 
statistical association with lower FVC values. It is 
believed that hyperferritinemia, caused by excessive 
inflammation in the context of infection, is associated 
with admission to intensive care units and high 
mortality, allowing the identification of high-risk 
patients. These are the patients who had severe forms of 
COVID pneumonia, bilateral changes or ARDS, and 
consequently had restrictions during the follow-up 
period [26]. 

Biomarkers such as CRP and lactate dehydrogenase 
(LDH) values are associated with inflammation and 
inflammation-associated cellular lung damage [27]. An 
important finding in our study was that LDH as strong 
inflammatory marker, was associated with FVC, but not 
with FEV1, DLCO, or KCO. LDH indicated that 
inflammation in the lung affects respiratory capacity.  

Our study has some limitations. First, only one 
center was included. Second, lack of baseline 
pulmonary tests and findings of chest CT scans 
performed before COVID-19 pneumonia. Third, a 
small number of patients were on mechanical 
ventilation. 

 
Conclusions 

In an ongoing epidemic, early identification of 
patients at risk of serious consequences after 
contracting COVID-19 is of great importance. The data 
from our study indicate the need for careful monitoring 
of lung function tests in patients treated for COVID-19 
infection, to plan respiratory rehabilitation, introduce 
timely therapy, and organize healthcare systems 
effectively. Our results showed that patients with 
COVID-19 infection who need oxygen support and MV 
continue to suffer from loss of respiratory function after 
the resolution of COVID-19 infection. These findings 
highlight the negative predictive value of pulmonary 
tests in the long-term follow-up for the development of 
post COVID-ILD and decreased pulmonary capacity. 
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