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SUMMARY

Introduction/Objective Chest X-ray (CXR) is a common diagnostic procedure for monitoring the course
and outcome of pneumonia. The aim of the study was to examine the frequency, type and degree of
CXR changes in COVID-19 pneumonia and compare it with demographic data and the presence of co-
morbidities.

Methods In this retrospective study, CXRs taken on the day of admission were analyzed for 620 patients
with COVID-19. CXR were defined as ground-glass opacification (GGO), consolidation, reticular changes,
pulmonary nodules, and pleural effusions. CXR severity score (CXR-SS) was determined based on the ad-
justed Radiographic Assessment of Lung Edema score. SPSS version 17.0 was used for statistical analyses.
Results The average age was 62.75 + 14.8 years 66.5% of analyzed patients had comorbidities. CXR
changes were bilateral in 53.2%, dominant in the lower lung in 68.1% and diffuse in 24.5%. GGO were
present in 55%, reticular changes in 37.3%, and consolidations in 24% of patients. Based on CXR-SS, 47.2%
of patients had mild pneumonia, 40.2% moderate, 7.9% severe, and 4.6% very severe. Severe/very severe
pneumonia was in 71.8% of older than 65 years. Bilateral changes were found in 97.4% of people with
severe/very severe pneumonia, diffuse in 56.4%, and consolidation in 66.7% of the patients. GGO were
in 58.1% of subjects with mild/moderate pneumonia.

Conclusion CXR in patients with COVID-19 pneumonia are more frequently bilateral, dominantly pe-
ripheral, in the lower lung zone. The degree of diffuse changes is proportional to older age and more
frequent comorbidities. In a severe form of the disease, consolidation and reticular opacification dominate.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) has different clinical mani-
festations. In 80-90% of cases, the disease has
no symptoms or the symptoms are mild [1]. A
severe clinical course can occur in patients with
comorbidities [2]. Severe courses of COVID-19
are often complicated by acute respiratory dis-
tress syndrome [3].

Chest X-ray (CXR) is an important part of
non-invasive diagnostics of lung diseases. It
represents an easy-to-implement and affordable
method. In addition to the clinical examina-
tion, there was a common diagnostic proce-
dure for monitoring the course and outcome of
COVID-19 pneumonia. The ability of CXR to
visualize changes typical of pneumonia caused
by the SARS-CoV-2 virus was highlighted [4].

Ground-glass opacity (GGO) is the most
common radiographic finding in COVID-19
pneumonia [5].

The aim of the research was to examine the
frequency and type of radiographic changes
in our patients with COVID-19 pneumonia,
determine the CXR score and compare it with
demographic characteristics and comorbidities.

METHODS

The study included a total of 620 patients with
COVID-19 who had been treated in the Uzice
General Hospital, from June 1 to December
31, 2020. All collected data were analyzed ret-
rospectively. The diagnosis of COVID-19 is
established by the detection of SARS-CoV-2
virus in the nasopharyngeal swab. Testing
was performed in reference laboratories in
the Republic of Serbia. A rapid immunochro-
matographic antigen test and a polymerase
chain reaction (PCR) test were used according
to international guidelines [6].

Demographic data (sex and age), comor-
bidities and CXR were collected from the day
of admission. Radiography was performed in
the anteroposterior view for immobile patients
and for others, also in the anteroposterior view,
during full inspiration.

This version keeps the meaning but im-
proves the flow. The recording was made with
a portable device (Vision M, Visaris d.o.o.,
Belgrade, Serbia).

The Fleischner Society nomenclature was
used to determine the CXR changes described
as GGO, consolidation, reticular alteration, pul-
monary nodules and pleural effusion [7]. The
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Figure 1. Age groups of the respondents

Table 1. Characteristics of patients with COVID-19
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Figure 2. Comorbidities in patients with COVID-19

HTN - hypertension; CVD - cardiovascular diseases; DM — diabetes mellitus;
COPD - chronic obstructive pulmonary disease; CH - chronic; BMI - body
mass index; Gl - gastrointestinal

N % patients
Variable 620 Total p-value
100 Table 2. Radiographic alterations in COVID-19
> 65 313 50.5 Variable N % patients
Age group 0.920
99 <65 307 49.5 Positive CXR 620 100
Men 355 57.3 i i
Sex 0.144 Lung field Bilateral 330 53.2
Women 265 427 involvement | Left unilateral 158 25.5
- Yes 412 66.5 Right unilateral 132 21.3
Comorbidity No 208 335 <0.001
Lower zone 422 68.1
Diffuse 152 24.5
Upper zone 46 74
distribution of pulmonary changes was defined as perihilar .
. X . Peripheral 434 70
or peripheral. The dominance of changes was described Perihilar 186 30
based on the involvement of the upper and middle lung  |7ype of GGO (alone) 258 416
fields, or a diffuse distribution of the changes. alteration Reticular alteration (alone) | 152 245
CXR severity score (CXR-SS) was determined based Consolidation (alone) 63 10.2
R X Pulmonary nodules 10 1.6
on the Radiographic Assessment of Lung Edema score. Pleural effusion 3 05
This type of radiographic assessment was first performed
GGO (total) 341 55
rren et al. [8].
by Warren et a. [8] . Reticular alteration (total) 231 37.3
Each lung field is scored from 0 to 4 depending on the Consolidation (total) 149 24
presence of changes. A score of 0 means no lung changes, Pulmonary nodules (total) 22 35
score of 1 means that they are present in less than a quarter Pleural effusion (total) 7 27

of the lung field. Scores 2 and 3 indicate involvement of
25-50% and 50-75%, respectively. A maximum score of 4
means that more than 75% of the lung field is affected. The
maximum total score for changes in both lungs was 8 [9].

Statistical analysis

The Statistical Package for Social Sciences SPSS
Statistics (SPSS Inc., Chicago, IL, USA) version 17.0 was
used for statistical analyses.

The results were expressed as means *+ SD and as per-
centages. Non-parametric variables were calculated by x?
test. A probability value of p < 0.05 was considered sig-
nificant.

The manuscript was approved by the Ethics Committee
of the Uzice Health Center, on February 2, 2024, number
0303/850.

RESULTS
A total of 620 patients with confirmed SARS-CoV-2 in-
fection were examined. The median age was 62.75 + 14.8

(range 20-92 years). Age groups of the respondents is
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CXR - chest X ray; GGO - ground-glass opacity

shown in Figure 1. The largest number of our patients
were aged 61-70 (25.9%). Two patients were over 90 years
old. Age, sex, and the presence of comorbidities are shown
in Table 1.

The presence of comorbidities was significant (66.5%).
The most common comorbidities found were hypertension
(HTN) / cardiovascular diseases (CVD) (77.4%) and diabe-
tes mellitus (DM) (29%), followed by chronic obstructive
pulmonary disease (COPD) / asthma in 15%, chronic neu-
rological diseases in 11.7%, kidney diseases in 9%, obesity
in 8.7%. Psychiatric diseases, autoimmune diseases, malig-
nancies, gastrointestinal, and liver diseases were the least
common (4.9%, 3.4%, 1.5%, 1%, respectively) (Figure 2).

CXR alteration are shown in Table 2. In relation to the
CXR, alterations were bilateral in 330/620 patients (53.2%),
unilateral in the left lung in 158/220 (25.5%) and right lung
in 132/220 (21.3%). Alterations were predominantly in the
lower lung field in 411/620 (68.1%), diffuse in 152/620
(24.5%) and in the upper zone in 46/620 (7.4%). Changes
in the peripheral lung fields were in 434/620 (70%),
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Table 3. Chest X-ray severity score (CXS-SS) in patients with COVID-19

Pavi¢ A. et al.

central zones in 186/220 (30%). GGO alone was present

HTN - hypertension; CVD - cardiovascular diseases; DM - diabetes mellitus; COPD - chronic obstructive
pulmonary disease; CH - chronic; BMI — body mass index; Gl - gastrointestinal

Table 5. The relationship between radiographic alterations and chest X-ray severity in COVID-19

Mild/moderate Sevseer\'/ee/r\éery
Variable Total 542 Total 78 p-value
N % patients % patients

Bilateral 254 46.9 76 97.4 <0.001
Left unilateral 156 28.8 2 2.6 <0.001
Right unilateral 132 244 0 0 0.00

Lung field | Lower zone 390 72 32 14 0.004

involvement | Diffuse 108 19.9 44 56.4 <0.001
Upper zone 44 8.1 2 2.6 0.093
Peripheral 377 69.6 5 73.1 0.769
Perihilar 165 304 2 26.9 0.644
GGO (alone) 254 46.9 4 5.1 0.00
Reticular alteration (alone) | 138 25.5 14 17.9 0.249
Consolidation (alone) 51 9.4 12 15.4 0.228
Pulmonary nodules 10 1.8 0 0 0.179
Pleural effusion 3 0.6 0 0 0.439

Type of

alteration | <6 (1otal) 315 | 581 26 333 | 0.009
Reticular alteration (total) | 185 34.1 46 59 0.009
Consolidation (total) 97 17.9 52 66.7 0.00
Pulmonary nodules 19 35 3 3.8 0.913
Pleural effusion 13 24 4 5.1 0.324

GGO - ground-glass opacity

DOI: https://doi.org/10.2298/SARH240318067P

Variable N % patients in 258/620 (41.6%), reticular alteration alone in 152/620
Positive chest radiographs 620 100 (24.5%), consolidation alone in 63/620 (10.2%), pulmo-
CXR-SS 1 131 21.1 nary nodules in 10/620 (1.6%), pleural effusion in 3/620
g 1‘6‘5 gg-; (0.5%). In total (with/without other changes), GGO was
2 109 176 present in 341/620 (55%), reticular alteration in 231/620
5 32 5.2 (37.3%), consolidation in 149/620 (24%). The total num-
6 17 2.7 ber of pleural nodules was 22/620 (3.5%), pleural effusion
7 17 27 .
. 12 - 17/620 (2.7%).
CXR-SS Mild (1-2) 203 472 Bilateral alterations were significantly more frequent
(total) Moderate (3-4) 249 40.2 than unilateral left (p = 0.002), or right (p < 0.001). Lung
severe (5-6) 4 79 changes were significantly more frequent in the lower fields
Very severe (7-8) 29 4.6 .
compared to the upper zone (p = 0.00) or diffuse changes
(p < 0.001).
Table 4. The relationship between patients characteristics and chest X-ray severity in COVID-19 The described changes of the peripher-
Variable Mild/moderate Severe / very p-value al zones were Signiﬁcanﬂy more frequent
Total 542 severe h ihil 0.001). The total f
S than perihilar (p < 0.001). The total fre-
N | %patients | N | % patients quency of GGO was 51gn1f1cantIY.h1gher
Agegroup | >65 251 463 56 718 0019 than the total frequency of colnso'h.datlon
Sex Men 305 563 50 64.1 0477 (p <0.001). GGO alone Was 51gn1f1car.1tly
Comorbidity | Yes 339 625 73 236 0013 more frequent than reticular alteration
alone (p = 0.035).
B}\-ANt CVD2 28543 ‘1‘2-; gg 28‘1‘ <006(;?1 No significant difference was observed
ype . ) . . .
Obesity (> 30 BMI) 39 79 17 233 0,004 in the total number of GGO and reticu-
COPD/Asthma 37 6.8 12 16.4 0.046 lar alterations (p = 0.065). Pulmonary
CH-Neuro disorders 37 6.8 / 2.6 0.489 nodules and pleural effusion, alone or in
CH-kidney failure 25 4.6 12 16.4 0.010 binati ith other findi
Psychiatric disorders 16 29 4 55 0.369 combination with other findings, were
Autoimmune diseases | 14 26 1 14 0.549 significantly less frequent than other al-
Malignancies 6 1 2 27 0.412 terations (p < 0.001 in every relationship).
Gl/liver disease 3 0.6 0 0 0.439

CXR-SS is shown in Table 3. Score
from 1 to 8 was in 21.1%, 26.1%, 22.6%,
17.6%, 5.2%, 2.7%, 2.7%, 1.9% of patients,
respectively. CXR showed mild involve-
ment (score 1-2) in 293/620 (47.2) pa-
tients. Moderate involvement (score 3-4)
was found in 249/620 (40.2%) patients,
severe involvement (score 5-6) was found
in 49/620 (7.9%) patients and very severe
involvement (score 7-8) was found in
29/620 (4.6%) patients.

In relation to the severity of the disease
according to the CXR-SS, respondents
were grouped into two groups. The first
group included patients with CXR-SS
from 1 to 4, the second group included
patients with CXR-SS from 5 to 8.

Characteristics by patient groups are
shown in the Table 4.

Persons over 65 years of age had a sta-
tistically significantly more severe disease
(71.8%, p = 0.019).

Patients with a more severe form of the
disease had more frequent comorbidities
(93.6%, p = 0.013). The most common
comorbidities were HTN/CVD and DM,
found in 77.4% and 29.4%, respectively.
Patients with severe disease significantly
more often had HIN/CVD, DM, obesity
and chronic kidney failure (p < 0.001,
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p =0.031, p = 0.004, p = 0.010, respectively). Radiographic
alterations by patient groups are shown in Table 5.

Bilateral (97.4%) and diffuse (56.4%) alterations were
significantly more common in patients with severe diseases
(p < 0.001 for both parameters). The zonal distribution
of lung changes was not significantly different between
the groups. Consolidations in combination with other
tindings (66.7%) were significantly more frequent in the
group of severe diseases (p = 0.009). Patients with mild/
moderate disease had significant unilateral frequency of
alterations by type of GGO. This was in both cases, alone
GGO (46.9%) and with other findings (58.1%) (p = 0.00,
p = 0.009, respectively). In relation to the presence of uni-
lateral changes, there was no difference between the left
and right sides. Reticular alterations in combination with
other findings were most common in severe disease (59%)
(p = 0.009).

DISCUSSION

Regular CXR was the most important method of rapid
diagnosis of pneumonia during the COVID-19 pandemic.
The evaluation of changes was often crucial for the de-
cision on further treatment. Baseline CXR sensitivity in
literature is estimated between 69% and 90% [9]. Modified
and improved radiological techniques are presented in the
literature [10]. They are based on a number of characteris-
tics of the radiological image. New methods will contribute
to the precise diagnosis of lung changes by selecting the
lung region of interest according to pixel intensity. The
improvement of the X-ray image is achieved by the filter-
ing process with equalization of the histogram [10]. These
techniques are not yet available in other institutions.

In our study, CXR findings and CXR-SS of patients with
COVID-19 upon admission in the hospital were analyzed.
All our subjects had CXR changes. Some authors describe
a third or a quarter of negative CXR [9, 11]. The first CXR
of their subjects was done at the onset of symptoms, which
does not apply to our patients. Uzice General Hospital is a
secondary-type medical institution, so patients were usu-
ally treated in primary care facilities beforehand.

Most of our respondents had a lower CXR-SS (1-4).
Progression of the CXR-SS during the course of the disease
is expected [11, 12]. The low CXR-SS of our patients indi-
cate a shorter time from the onset of the disease.

The largest number of our patients were aged 61-70
(25.9%). We did not observe a significant difference between
younger and older than 65, while patients older than 65
showed a higher CXR-SS. The result is expected and in ac-
cordance with other authors [13]. Older age is accompanied
by comorbidities and a decrease in the defense functions
of the immune system. Regression of defense mechanisms
implies reduced function of immune cells, such as dendritic
cells and macrophages. Consequently, the activation of T
lymphocytes was reduced. The mentioned processes create
conditions for the occurrence of pneumonia [13].

Most of our respondents were men (57.3%). A similar
result is presented in the literature [14]. At the beginning of
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the pandemic, patients were often male. With the increase
in the number of patients, there were no differences ac-
cording to sex [14]. The authors agree that immunoregula-
tory functions of sex hormones, physiological factors, and
different lifestyles play an important role in the develop-
ment of infection [13].

The frequency of presence of comorbidities in our pa-
tients was significant. Our subjects most often had HTN,
CVD and DM. More than half of respondents in a study
by Fang, et al. [15] had associated diseases. HTN and DM
were most often present, as in our subjects.

These comorbidities were significantly more common
in our patients with severe CXR score. The results by
Zhang et al. [2] also showed the frequent presence of asso-
ciated diseases in patients with severe form of COVID-19
pneumonia. We also agree in the conclusion with other
authors that COPD and asthma are not risk factors for
COVID-19 infection, nor for higher CXR-SS. The expla-
nation of this finding assumes the use of long-acting beta
agonists and muscarinic antagonists in asthma and COPD
therapy. These drugs reduce viral load in nasopharyngeal
and tracheal tissue cultures [16].

Severe COVID-19 pneumonia was common in our pa-
tients with previously diagnosed HTN and diabetes. HTN
and cardiac strain are caused by the angiotensin II. This is
affected by SARS-CoV-2 binding to the enzyme converter
[17]. This mechanism is also used by SARS-CoV-2 to affect
lung tissue, as well as other organs such as the pancreas. An
elevated level of pro-inflammatory cytokines was measured
in the serum of patients with diabetes. SARS-CoV-2 also
leads to an increase in the level of these cytokines. The
consequence of an increased level of pro-inflammatory
cytokines can be the appearance of a cytokine storm in
diabetics with COVID-19 pneumonia [18]. Some authors
also report DM as a predictive factor for poor prognosis
of COVID-19 pneumonia [19].

Due to the diffuse alveolar damage caused by SARS-
CoV-2, GGO occur, which was a common CXR finding
in COVID-19 pneumonia. This finding was confirmed by
computed tomography [20].

GGO, alone or with other alterations, was most often
in our subjects. The GGO present on both sides was also
the most frequent finding of subjects with COVID 19
pneumonia analyzed by Kuhajda et al. [5]. This finding
corresponds to result of other authors and confirms the
assumption that not much time has passed from the onset
of symptoms to admission [11]. The conclusion of Yasin
et al. is the most frequent presence of consolidations [12].
This is also the finding of Wong et al. [9].

Total described consolidations and reticular altera-
tion were significantly more frequent in our subjects with
severe pneumonia, which correlates with the findings of
other authors [9]. Pleural effusion and pulmonary nod-
ules were uncommon, both here and in literature [9, 12].
A pronounced pleural effusion was seen in a patient with
COVID-19 pneumonia and associated with rheumatoid
arthritis [21].

Lung field involvement on CXR in our subjects was
most often bilateral with peripheral distribution and more
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present in the lower lung. Our result is similar to the find-
ings of other authors [9, 12, 22, 23]. In the mentioned stud-
ies, the relationship between the distribution of pulmonary
changes and the severity of pneumonia was not analyzed.
The result of our research showed that mostly bilateral,
at the peripheral and dominance diffuse lung alterations
corresponded to a higher CXR-SS.

Yacobi et al. [4] suggest that CXR is an easy and acces-
sible procedure for diagnosing lung changes in COVID-19
pneumonia. According to them, SARS-CoV-2 most often
causes reticular opacities and GGO. Basal positioned con-
solidations are typical changes in pneumonia caused by
this virus. CXR changes are usually in the peripheral lung
zones, as in our patients [24].

CXR changes in COVID-19 pneumonia differ accord-
ing to disease stages. The first stage is characterized by
rapid progression of only GGO, GGO with reticular pat-
tern or consolidation. This stage lasts up to seven days.
Advanced stage also lasts up to seven days and is charac-
terized by GGO associated with consolidations and retic-
ular changes. The absorption stage occurs after the 14th
day of the disease. In this stage, absorption occurs. CXR
absorption indicators are subpleural and fibrotic changes
[25]. As in the case of other pathogens, the most severe
consequence of COVID-19 pneumonia is the develop-
ment of pulmonary fibrosis [25]. A significant occurrence
of pulmonary fibrosis after six months from the onset of
the disease in patients with COVID-19 pneumonia was
described [15]. Spontaneous pneumothorax, pneumo-
mediastinum, and subcutaneous emphysema were also
complications of COVID-19 pneumonia described in the
literature [5]. Thromboembolic complications were also
described, and not only in the lungs [26]. The pathoge-
netic mechanism of SARS-CoV-2 leads to coagulopathy
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CreneH paguorpadcKmx npomeHa Kog, 601ecHMKa ca NHEYMOHWjOM M3a3BaHOM
KoBMAOM 19 — UCKYCTBO M3 60NHMLE CEKYHAAPHOT HUBOA

AnekcaHapa Maeuh', MBaH JaHkoBuh?, Anekca HoekoBuh?

'YHuBep3uTeTCKN KNHUYKK LeHTap Cpbuje, LieHTap 3a pagnonorujy 1 MarHeTHy pesoHaHLly, beorpag, Cpbuja;

Onwrta 6onHuua Yxxuue, Cnyxx6a paguonoruje, Yxuue, Cpbuja;

3YHNBepP3UTETCKM KNUHUYKM LieHTap Cpbuje, LieHTap 3a HykneapHy meauumHy, beorpag, Cpbuja

CAMETAK

YBoa/Uwm Pagnorpaduja rpyaHor Kolwa je yobuyajeH auja-
FHOCTUYKYM MOCTYNaK 3a npaherbe KNMHUYKOT ToKa 1 MCXofa
MHeyMOHWje 13a3BaHe KoBmaom 19.

Linrb nctpaxnBatba 610 je fa ce CnuTajy y4ecTanocT, TUM 1
cTeneH pagnorpadckux nNyhHUX NpoMeHa Kog NHeYMOHWje
13a3BaHe KoBuaom 19 1 ynopepe ca femorpadckum nogaLmma
1 NPYICYCTBOM KOMOPOUANTETA KOZ, IeUeHrX 6onecHKa.
MeTtopge lNofaum cy NpuKynbeHN peTporpagHo, Ha faH npu-
jemay 6onHuLy, Kop 620 6onecH1Ka ca MHeyMOHWjOM 13a3Ba-
Hom Kosuaom 19. Paguorpadcke npomeHe cy eduHncaHe Kao
onaumdmKaLmje 3pHacTor cTakna unu ground glass onaundu-
Kauuje (ITO), koHconupaLje, peTuKynapHe npomeHe, niayhHu
Hogynu 1 nneypanHe epysuje. CreneH npomeHa je ogpehusaH
npema agantupaHoj paguorpadckoj npoueHun egema nnyha.
3a cTaTUCTUUKY 0bpagy je KopuwheH cTaTcTYKM nakeT SPSS,
Bep3uja 17.0.

Pesyntatu [poceuHa ctapocT 6onecHuka buna je 62,75 + 14,8
rogunHa. Komopbugutete je umano 66,5% 6onecHuka. Paguno-
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rpadcke npomeHe cy 6une oboctpaHe kog 53,2% 6onecHrka,
[AOMUHAHTHO Y AokUM nnyhHMM norbuma Kog 68,1%, a AnudysHe
Ko 24,5% vcnutaHuka. [TO cy BuheHe ko 55%, peTukynapHe
npomeHe kop 37,3%, a koHconupaumje Kog 24% 6onecHuka.
Ha ocHoBy paguorpadckor cKopyHr cuctema, 47,2% 6onecHu-
Ka je umano naky nHeymoHujy, 40,2% ymepeHy, 7,9% TeLuKy, a
4,6% Bpno Telwky. Kop 71,8% cTapuwjux of 65 roagnHa BubeHa
je Texxa ynana nnyha. buunatepanHe npomeHe cy BuheHe Kof,
97,4% ocoba ca TeXXOM MHeyMoHUjoMm, Audy3He Kop 56,4%, a
KoHconupauuje kog 66,7% uctux 6onecHuka. IO npomeHe cy
BuheHe Kog 58,1% ncnutaHnKa ca NakLLoM ynanom.
3aksbyuak Pagnorpadcke npomeHe Kof 6051eCHMKa ca KOBU-
AoM 19 Hajuewhe cy obocTpaHe, LOMUHAHTHO NepudepHe 1y
Aorboj nnyhHoj 3oHU. CteneH Andy3HUX NPOMeHa MPOMNopLyo-
HaraH je cTapuvjem y3pacTy 1 ydecTanujum KomopouauteTuma.
Kop Tewkor obnvka 6onectv LOMUHMPajy KOHconuaauuje n
peTvKynapHe onauuduKaumje.

KmbyuHe peun: paguorpadckui Hanas; cteneH niyhHux npome-
Ha; MHeyMOHWja 13a3BaHa KoBugom 19
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