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PREGLEDNI RAD REVIEW ARTICLE 

ABSTRACT

Interstitial pneumonia is the main manifestation of the COVID-19 disease. The 
aim of this paper is to present the spectrum of typical radiological findings (CT - 
computed tomography, and radiographic) in COVID-19 pneumonia, the different 
CT examination techniques, the types and evolution of inflammatory lesions in 
the lungs, the criteria for assessing the probability of COVID-19 pneumonia in 
comparison to other types of interstitial pneumonia, and the scoring systems 
for determining the extent of COVID-19 pneumonia, based on CT findings and 
radiography. The standard CT examination protocol is a native CT examination 
of the chest, and, due to high sensitivity of low-dose CT protocols for detecting 
lung lesions, this imaging technique has become widely used in radiological 
practice during the COVID-19 pandemic. Bilateral, multiple, round or confluent 
zones of ground-glass density, predominantly localized subpleurally, peripheral-
ly and posteriorly, usually most extensive in the lower lobes, represent a typical 
CT presentation of COVID-19 pneumonia. Consolidations may develop at a later 
stage. A chest X-ray shows homogeneously reduced transparency in the lateral 
pulmonary fields, circular and irregular cloudlike shadows, and confluent patchy 
shadows, usually most extensive basally and laterally. RSNA and CO-RADS criteria 
are used to assess the probability of COVID-19 pneumonia, based on the criteria 
of a typical/atypical CT finding. Four stages of COVID-19 pneumonia have been 
defined, based on the dynamics of inflammatory lung lesion presentation: early, 
progressive, the phase of consolidation and the phase of organization. To assess 
the extent and severity of pneumonia, various scoring systems have been propo-
sed, the most widely accepted one being the CT severity scoring system, based 
on visual semiquantitative assessment of the percentage of lung parenchyma 
inflammation lesions involvement of each of the five lobes, on a scale of 1 (<5%) 
to 5 (>75%), whereby the maximum score can be 25.
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SAŽETAK

Intrersticijumska pneumonija je dominantna manifestacija oboljenja KOVID-19. 
Cilj rada je da se prikažu: spektar tipičnih radioloških nalaza (CT – kompjuterizovana 
tomografija i radiografija) KOVID-19 pneumonije, različite tehnike CT pregleda, 
tipovi i evolucija inflamatornih promena u plućima, kriterijumi za procenu 
verovatnoće KOVID-19 pneumonije u odnosu na druge intersticijumske 
pneumonije, i principi bodovanja (scoring) za definiciju obima KOVID-19 
pneumonije, na osnovu CT nalaza i radiografije. Standardni protokol CT pregleda 
je nativni CT pregled grudnog koša, a zbog visoke senzitivnosti niskodoznih CT 
protokola za detekciju promena u plućima, ova tehnika snimanja je postala široko 
zastupljena u radiološkoj praksi tokom pandemije KOVID-19. Obostrane, multiple, 
kružne ili slivene zone denziteta „mlečnog stakla”, dominantno lokalizovane 
subpleuralno, periferno i posteriorno, obično najobimnije u donjim režnjevima, 
predstavljaju tipičnu CT prezentaciju KOVID-19 pneumonije. U kasnijem 
stadijumu se mogu razviti i konsolidacije. Na rendgenskom snimku pluća mogu 
da se vide: homogeno smanjena transparencija u lateralnim plućnim poljima, 
kružna i nepravilna oblačasta zasenčenja i slivena mrljasta zasenčenja, obično 
najobimnija bazalno i lateralno. Za procenu verovatnoće KOVID-19 pneumonije, 
na osnovu kriterijuma tipičnog/atipičnog CT nalaza, koriste se RSNA i CO-RADS 
kriterijumi. Prema CT karakteristikama promena u plućima i vremenskoj dinamici 
njihove prezentacije, definisana su četiri stadijuma KOVID-19 pneumonije: rani, 
progresivni, stadijum konsolidacije i stadijum organizacije. Za procenu obima i 
težine pneumonije pomoću CT-a, predloženi su različiti sistemi bodovanja, od 
kojih je najšire prihvaćen CT severity scoring system, koji se zasniva na vizuelnoj 
semikvantitativnoj proceni procentualne zahvaćenosti parenhima svakog od pet 
lobusa pluća zapaljenskim promenama, na skali od 1 (<5%) do 5 (>75%), tako da 
maksimalni skor može da iznosi 25. 

Ključne reči: KOVID-19 pneumonija, kompjuterizovana tomografija, radiografija 
pluća
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INTRODUCTION

The first studies related to clinical and radiological mani-
festations present in patients suffering from the infection 
caused by the new corona virus, which was subsequently 
officially named SARS-CoV-2, were published online on 
January 24, 2020, in the Lancet and New England Jour-
nal of Medicine [1-3]. According to the official data issued 
by the World Health organization, since December 2019, 
when the epidemic broke out in the city of Wuhan, in Chi-
na, and very quickly spread all over the world, through-
out the pandemic of the COVID-19 disease (Corona Virus 
Disease 2019), which was officially declared on March 11, 
2020, until June 2021, cases of more than 174 million in-
fected and over 3.7 million deceased persons have been 
confirmed.1 According to the official data issued by the 
Ministry of Health of the Republic of Serbia, since the first 
officially confirmed case of COVID-19 in Serbia, on March 
6, 2020, until June 11, 2021, cases of 714,634 infected pa-
tients and 6,951 deceased patients have been confirmed.2

Interstitial pneumonia is the dominant manifes-
tation of the COVID-19 disease, as is the case with its 
‘predecessors’ from the same group of pathogens: 
SARS (severe acute respiratory syndrome) and MERS 
(Middle East respiratory syndrome) [1,2]. The main 
symptoms of the COVID-19 infection are fever, faint-
ness and coughing. The following may also be present: 
headache, pain in the muscles, a sore throat, loss of 
smell and taste, diarrhea, etc., while leukopenia with 
lymphopenia may be detected in the blood [1,2]. Sev-
eral days after the onset of disease, labored breathing 
may occur, i.e., the sensation of shortness of breath, 
which is a symptom indicating respiratory insufficien-
cy caused by COVID-19 pneumonia [1,2]. 

In most patients infected with the new corona vi-
rus, computed tomography (CT) is applied, in order 
to obtain an image of the changes occurring in the 
parenchyma of the lungs, which are characteristic of 
interstitial pneumonia of viral etiology, but, with cer-
tain features which characterize COVID-19 pneumonia 
[1,2,4,5]. Bilateral, multiple, circular or confluent zones 
of ground-glass density, which are predominantly lo-
calized subpleurally/peripherally and posteriorly, with 
the largest zones located in the lower lobes, represent 
the typical presentation of COVID-19 pneumonia [1-5]. 
Consolidations may also develop at a later stage [1-5]. 
Although numerous studies have shown that com-
puted tomography is more sensitive in detecting the 
COVID-19 infection than the PCR test [6,7], and that, in 
a significant percentage of the patients, it also detects 
changes in the lungs even in asymptomatic patients 

1	  https://covid19.who.int

2	  https://covid19.rs

UVOD

Prvi radovi o kliničkim i radiološkim manifestacijama 
kod obolelih od infekcije izazvane novim korona vi-
rusom, koji je, nešto kasnije, zvanično nazvan SARS-
KoV-2, objavljeni su online, 24. januara 2020. godine 
u časopisima Lancet i New England Journal of Medicine 
[1-3]. Prema zvaničnim podacima Svetske zdravstvene 
organizacije, od decembra 2019. godine, kada je epi-
demija izbila u gradu Vuhanu, u Kini, i ubrzo se proširila 
po celom svetu, tokom pandemije oboljenja KOVID-19 
(engl. Corona Virus Disease 2019), koja je zvanično pro-
glašena 11. marta 2020. godine, do početka juna 2021. 
godine, potvrđeno je preko 174 miliona zaraženih, i 
preko 3,7 miliona umrlih ljudi.1 Prema zvaničnim poda-
cima Ministarstva zdravlja Republike Srbije, od prvog 
zvanično potvrđenog slučaja oboljenja KOVID-19 u Sr-
biji, 6. marta 2020. godine, do 11. juna 2021. godine, 
potvrđeno je 714.634 zaraženih i 6.951 umrlih.2

Intrersticijumska pneumonija je dominantna mani-
festacija oboljenja KOVID-19, slično kao i kod njegovih 
„prethodnika“ iz iste grupe izazivača: SARS (engl. seve-
re acute respiratory syndrome) i MERS (engl. Middle East 
respiratory syndrome) [1,2]. Glavni simptomi KOVID-19 
infekcije su povišena temperatura, malaksalost i kašalj. 
Mogu da budu prisutni i glavobolja, bolovi u mišićima, 
gušobolja, gubitak osećaja mirisa i ukusa, proliv i dr, a 
u krvnoj slici se može pojaviti leukopenija sa limfope-
nijom [1,2]. Nekoliko dana od početka bolesti, može da 
se javi otežano disanje, tj. osećaj „kratkog daha“, što je 
simptom koji ukazuje na respiratornu insuficijenciju 
uzrokovanu KOVID-19 pneumonijom [1,2]. 

Kod većine pacijenata zaraženih novim korona vi-
rusom, kompjuterizovanom tomografijom (CT) se vi-
zualizuju promene u parenhimu pluća karakteristične 
za intersticijumsku pneumoniju virusne etiologije, ali sa 
nekim osobenostima koje karakterišu KOVID-19 pneu-
moniju [1,2,4,5]. Obostrane, multiple, kružne ili slivene 
zone denziteta „mlečnog stakla“, dominantno lokalizo-
vane subpleuralno/periferno i posteriorno, obično naj-
obimnije u donjim režnjevima, predstavljaju tipičnu CT 
prezentaciju KOVID-19 pneumonije [1-5]. U kasnijem 
stadijumu se mogu razviti i konsolidacije [1-5]. Iako je u 
brojnim studijama pokazano da je kompjuterizovana to-
mografija senzitivnija od PCR testa u detekciji KOVID-19 
infekcije [6,7], kao i da u značajnom procentu detektuje 
promene u plućima i kod asimptomatskih pacijenata [8], 
prema dostupnim vodičima kliničke prakse, ne prepo-
ručuje se rutinska primena CT-a kod svih pacijenata [9]. 

Radiografija pluća, iako znatno manje senzitivna 
od CT-a, naročito u ranom stadijumu i kod lakših kli-

1	  https://covid19.who.int

2	  https://covid19.rs
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[8], according to available clinical practice guidelines, 
routine application of CT imaging in all patients is not 
recommended [9]. 

Chest radiography, although less sensitive than 
CT, especially in the early phase and in milder clinical 
forms of the disease, due to wide availability, simpler, 
shorter and safer application, as well as a lower expo-
nential dose of radiation for the patient, remains wide-
ly applied in triage and follow-up of COVID-19 patients, 
and it is the method of choice in monitoring severe-
ly ill patients and patients with low mobility who are 
hospitalized in intensive care units [9]. X-ray images of 
the lungs may show the following: a pronounced retic-
ular pattern (as the earliest radiological manifestation), 

ničkih oblika bolesti, zbog masovne dostupnosti, jed-
nostavnijeg, kratkotrajnijeg i bezbednijeg izvođenja, 
kao i manje eksponencijalne doze zračenja za pacijen-
ta, ostaje široko zastupljena u trijaži i praćenju pacije-
nata sa KOVID-19 oboljenjem, a metoda prvog izbora 
u praćenju teških i slabo pokretnih bolesnika koji su 
hospitalizovani u jedinicama intenzivne nege [9]. Na 
rendgenskom snimku pluća, mogu se videti: naglaše-
na retikularna šara (kao najranija radiološka manifesta-
cija), homogeno smanjena transparencija u lateralnim 
plućnim poljima (periferna „velasta“ zasenčenja) (Slika 
1a), kružna i nepravilna oblačasta zasenčenja (Slika 1b), 
i konfluentna mrljasta zasenčenja, obično najobimnija 
bazalno i lateralno [10,11] (Slika 1c, 1d). 

Slika 1. Radiografska prezentacija KOVID-19 pneumonije: homogeno smanje-
na transparencija u lateralnim plućnim poljima (periferna „velasta“ zasenče-
nja) (a); kružna i nepravilna oblačasta zasenčenja, obostrano (b); konfluentna 
mrljasta zasenčenja, obostrano bazalno, i „velasta“ zasenčenja lateralno (c); 
obimna konfluentna mrljasta zasenčenja, bazalno i lateralno, obostrano (d)

Figure 1. Radiographic presentation of COVID-19 pneumonia: homogeneou-
sly reduced transparency in lateral pulmonary fields (a); circular and irregular 
cloudlike shadows, bilaterally (b); confluent bilateral patchy shadows, basally, 
and veil-like shadows, laterally (c); extensive confluent bilateral patchy shado-
ws, basally and laterally (d)
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TEHNIKA CT PREGLEDA

Od početka epidemije u Kini, na osnovu prethodnih 
iskustava sa epidemijama SARS-a i MERS-a, pri čemu je 
ista praksa nastavljena u celom svetu, standardni pro-
tokol pregleda je tzv. nativni CT pregled grudnog koša, 
što podrazumeva CT pregled bez intravenskog dava-
nja jodnog kontrasta, zbog brže, jednostavnije i bez-
bednije primene za osoblje i pacijente [4,12]. Kako je u 
nekoliko studija pokazana prihvatljivo visoka senzitiv-
nost niskodoznih CT protokola, ova tehnika snimanja 
je postala široko zastupljena u radiološkoj praksi tokom 
pandemije KOVID-19 oboljenja, jer se niskodoznom 
tehnikom eksponencijalna doza zračenja smanjuje 
na manje od 1 mSv, u poređenju sa 5 - 10 mSv, koliko 
iznosi doza koju pacijent primi prilikom standardnog 
CT pregleda grudnog koša [13]. U slučajevima kliničke 
sumnje na plućnu emboliju, koja se sa značajnom uče-
stalošću javlja kod obolelih od KOVID-19 pneumonije, 
radi se CT pregled sa intravenskim davanjem jodnog 
kontrasta, po protokolu za pulmoangiografiju [14]. 

TIPOVI I EVOLUCIJA LEZIJA U PLUĆIMA

Tipovi lezija u plućima kod pacijenta sa lakšom ili 
srednje teškom kliničkom slikom, koji su se uspešno 
oporavili od KOVID-19 pneumonije, i njihova evoluci-
ja u vremenskom intervalu od početka simptoma do 
ozdravljenja, opisani su u radovima Pana i saradnika, 
koji su objavljeni online, 13. februara 2020. godine [4], 
a kasnije i u brojnim drugim studijama [5,15,16]. 

homogenously decreased transparency in the lateral 
pulmonary fields (peripheral veil-like shadows) (Figure 
1a), circular and irregular cloudlike shadows (Figure 
1b), and confluent patchy shadows, usually most ex-
tensive basally and laterally [10,11] (Figures 1c, 1d).

CT EXAMINATION TECHNIQUE 

Since the onset of the epidemic in China, based on the 
previous experiences with the SARS and MERS epidem-
ics, with the same practice being applied in the whole 
world, the standard protocol for the examination is the, 
so called, native-phase CT examination of the thorax, 
which entails a CT examination without intravenous 
application of iodine contrast material, for the purpose 
of faster, simpler and safer application, both for staff 
and patients [4,12]. Due to the fact that several studies 
have demonstrated acceptably high sensitivity of low-
dose CT protocols, this imaging technique has become 
widely applied in radiological practice during the 
COVID-19 pandemic, since low-dose technique reduc-
es the exponential radiation dose to less than 1 mSv, as 
compared to 5 - 10 mSv, which is the level of the dose 
absorbed by a patient during a CT examination of the 
thorax [13]. In cases of clinical suspicion of pulmonary 
embolism, which occurs with significant frequency in 
COVID-19 pneumonia, CT examination with intrave-
nous application of iodine contrast material is carried 
out, in keeping with the protocol for pulmoangiogra-
phy [14]. 

Tabela 1. Evolucija KOVID-19 pneumonije, po stadijumima, prema CT 
prezentaciji kod pacijenata sa lakom i srednje teškom kliničkom slikom i 
povoljnim kliničkim ishodom [4] 

Table 1. The evolution of COVID-19 pneumonia, by stages, according to CT 
presentation in patients with mild or moderate clinical presentation and 
favorable clinical outcome [4]

Stadijum Prosečan vremenski period  
od pojave simptoma CT prezentacija

Stage Average time period  
until the onset of symptoms CT presentation

1.	 Rani (incipijentni)

1.	 Early (incipient)

0 – 4. dana

Day 0 – 4

Promene denziteta „mlečnog stakla“ (intersticijumski pneumonitis) - povećan 
denzitet u vidu „zamagljenja“ unutar kojih se razaznaju krvni sudovi (Slika 2a, 2b)
Zones of ground-glass density (interstitial pneumonitis) – increased density in the form 
of cloudlike shadows within which blood vessels are perceptible (Figure 2a, 2b)

2.	 Progresivni (proliferativni)

2.	 Progressive (proliferative)

5 – 8. dana

Day 5 – 8

Povećanje denziteta sa finom mrežom zadebljalih intralobularnih septi unutar 
promena (proliferacija intersticijuma), (znak „popločavanja”) (Slika 2c)
Increased density with a fine web of thickened intralobular septs within the changes 
(proliferation of the interstitium), (‘paving-stone’ sign) (Figure 2c)

3.	 Pik (vrhunac)

3.	 Peak

9 – 13. dana 

Day 9 – 13

Konsolidacija -  povećanje denziteta tako da se ne razaznaju krvni sudovi, vidljiv 
vazdušni bronhogram (Slika 2d, 2e)
Consolidation – increase in density to the extent that the blood vessels are no longer 
visible, the air bronchogram sign is visible (Figures 2d, 2e)

4.	 Rezolucija (organizacija)

4.	 Resolution (organization)

≥14. dana

≥ Day 14

Organizujuća pneumonija - linearne i trakaste promene sa zaostalom konsolidacijom 
(Slika 2f)
Organizing pneumonia - linear and band-like changes with residual consolidation (Figure 2f)
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Slika 2. Tipična CT prezentacija i evolucija KOVID-19 pneumonije: bilateralne, 
multiple subpleuralno i periferno lokalizovane inflamatorne promene denzi-
teta „mlečnog stakla“ na poprečnom (a) i koronarnom preseku (b); znak „po-
pločavanja“ (c); konsolidacija u pulmonalnom (d) i mekotkivnom „prozoru“ (e); 
organizujuća pneumonija (f )

Figure 2. Typical CT presentation and evolution of COVID-19 pneumonia: bila-
teral, multiple subpleural and peripherally localized ground-glass opacities in 
the axial (a) and coronal section (b); the ‘paving-stone’ sign (c); consolidation 
in the pulmonary (d) and soft tissue ‘window’(e); organizing pneumonia (f )
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Prema CT prezentaciji promena u plućima i vre-
menskoj dinamici njihove prezentacije, KOVID-19 pne-
umonija je podeljena u četiri stadijuma [4] (Tabela 1). 
Rani stadijum (stadijum intersticijumskog pneumoni-
tisa) karakterišu promene denziteta „mlečnog stakla“ 
(engl. GGO - ground glass opacities) (Slika 2a, 2b), koje 
nastaju kao posledica zapaljenske eksudacije u intersti-
cijum [4,16]. U drugom, progresivnom stadijumu, vide 
se zadebljale intralobularne septe, usled zapaljenske 
proliferacije intersticijumskih elemenata, što povećava 
denzitet i daje sliku fine mreže unutar promena denzi-
teta „mlečnog stakla“ (znak „popločavanja“; engl.‘crazy 
paving’ odnosno ‘paving stone’ sign) [4,16] (Slika 2c). U 
trećem, stadijumu konsolidacije, koji predstavlja „pik“- 
vrhunac pneumonije, denzitet se povećava do te mere 
da se unutar promena više ne razaznaju krvni sudovi 
[4,16] (Slika 2d), može da se vidi vazdušni bronhogram, 
a konsolidacija se vidi i u „prozoru“ za vizualizaciju me-
kih tkiva, kao prisustvo tečnog sadržaja u acinusima 
pluća (Slika 2e). U četvrtom, stadijumu organizujuće 
pneumonije, dominiraju linearne i trakaste prome-
ne, (zadebljale interlobularne septe i fibroathezije), sa 
ostacima konsolidacije (Slika 2f). 

Vrhunac rasprostranjenosti inflamatornih prome-
na je u proseku oko 10. dana od pojave simptoma, a 
posle 14. dana se registruje postepena regresija nji-
hovog broja i rasprostranjenosti [5] (Slika 3a, 3b). Kod 
pacijenata sa nepovoljnim kliničkim tokom, radiološka 
slika se pogoršava i posle 14. dana, sa pojavom novih 
slivenih zona denziteta „mlečnog stakla“, prelazeći u sli-
ku akutnog respiratornog distres sindroma (ARDS), ve-
rovatno kao posledica generalizovanog pulmonalnog 
mikrovaskularnog opstruktivnog trombo-imflamator-
nog sindroma [5,16]. 

TYPES OF LUNG LESIONS AND THEIR EVOLUTION 

The types of lung lesions occurring in patients with mild 
or moderate clinical presentation, who have successful-
ly recovered from COVID-19 pneumonia, as well as the 
evolution of these changes in the interval from symp-
tom onset to recovery, were described in the studies 
by Pan et al., published online, on February 13, 2020 [4] 
and subsequently, in other numerous studies [5,15,16]. 

Depending on the CT presentation of the lung 
changes and the dynamics of their presentation over 
time, COVID-19 pneumonia has been divided into four 
stages [4] (Table 1). The early stage (stage of intersti-
tial pneumonitis) is characterized by lesions known as 
ground- glass opacities (GGO) (Figures 2a, 2b), which 
develop as the result of the release of inflammatory 
exudate into the interstitium [4,16]. In the second, pro-
gressive stage, thickened intralobular septs are visible, 
which occur due to the inflammatory proliferation of in-
terstitial elements, which increases density and visually 
appears as a fine web within the ground-glass opaci-
ties (‘crazy paving’, i.e., ‘paving stone’ sign) [4,16] (Figure 
2c). In the third, the stage of consolidation, which rep-
resents the peak stage of pneumonia, the density is 
increased to such an extent that blood vessels cannot 
be distinguished within the changes in the lungs [4,16] 
(Figure 2d), the air bronchogram sign is visible, and con-
solidation is also present in the soft tissue ‘window’, in 
the form of fluid content in the pulmonary acini (Figure 
2e). In the fourth stage, i.e., the stage of organizing 
pneumonia, linear and band-like changes in the lungs 
are dominant (thickened interlobular septs and fibro-
adhesions), with remaining consolidation (Figure 2f). 

The peak distribution of inflammatory changes in 
the lungs is, on average, on day 10 from the onset of 

Slika 3. Evolucija KOVID-19 pneumonije kod šezdesetosmogodišnje pacijentki-
nje: uporedni prikaz CT nalaza, 11. dana („pik“) (a), i 29. dana od pojave simp-
toma (organizujuća pneumonija) (b)

Figure 3. Evolution of COVID-19 pneumonia in a 68-year-old female patient: 
a comparative presentation of CT findings on day 11 (‘peak’) (a), and day 29 of 
symptom onset (organizing pneumonia) (b)
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symptoms, and after day 14, gradual regression in their 
number and overall distribution can be registered [5] 
(Figures 3a, 3b). In patients with an unfavorable clinical 
course, the radiological finding worsens even after day 
14, with the development of new confluent ground-glass 
density zones, further progressing into the clinical pre-
sentation of acute respiratory distress syndrome (ARDS), 
probably as the result of generalized pulmonary micro-
vascular obstructive thrombo-inflammatory syndrome 
[5,16]. In asymptomatic patients and patients with mild 
clinical presentation, CT monitoring shows only ground-
glass density opacities, and there is no consolidation [16]. 
Fibrous changes in the lungs, in the form of late sequelae, 
have been detected after a period of six months on fol-
low-up CT examination, in approximately 35% of patients 
who were hospitalized due to COVID-19 pneumonia [17].

ASSESSMENT OF THE PROBABILITY OF 
COVID-19 PNEUMONIA AS COMPARED TO 
OTHER CAUSES OF INTERSTITIAL PNEUMONIA

Bilateral, multifocal, round and confluent zones of 
ground-glass density (interstitial pneumonitis), and 
subsequently also consolidations, localized peripheral-
ly/subpleurally, with the most extensive ones located 
posteriorly in the lower lobes, are typically visualized 
on CT examination in COVID-19 pneumonia. The dis-
tribution of pleural changes may be lobular (round 
zones), subpleural (confluent zones), or diffuse [16]. 

Typically, in COVID-19 pneumonia, there are no 
excavations/cavitations and nodular lesions in the pul-
monary parenchyma, nor are there enlarged mediasti-
nal lymph nodes or pleural effusion [12,18,19]. For the 
assessment of the probability of COVID-19 pneumo-
nia, based on the typical/atypical CT scan criteria, and 
for the purpose of more precise differential diagnosis 
in relation to interstitial pneumonia of other etiology, 
three systems of grading have been proposed: RSNA 
(Radiological Society of North America) [12], CO-RADS 
[18] and COVID-RADS [19], of which the first two have 
come into wide clinical use, without significant differ-
ence in diagnostic reliability [20] (Table 2). 

In the differential diagnosis of COVID-19 pneumo-
nia, other types of interstitial pneumonia of various 
etiology are also a possibility, as they characteristical-
ly manifest with opacities of ground-glass density, as 
well. Among them are the following types of pneu-
monia: viral (type A influenza, adenovirus, hantavirus, 
respiratory syncytial virus, SARS, MERS), atypical bac-
terial pneumonia (mycoplasma, chlamydia), rare op-
portunistic fungal Pneumocystis jiroveci pneumonia, 
hypersensitive, eosinophilic and lipoid pneumonia, 
damage to the lungs caused by the use of some drugs 
and narcotics, etc. [21,22]. Knowing the differences in 

Kod asimptomatskih pacijenata i pacijenata sa 
blažom kliničkom slikom, tokom CT praćenja mogu da 
se vide samo promene denziteta „mlečnog stakla“, a 
izostaje konsolidacija [16].

Fibrozne promene u plućima, kao kasne sekvele, 
detektovane su posle šest meseci kontrolnim CT pre-
gledom u oko 35% bolesnika koji su bili hospitalizova-
ni zbog KOVID-19 pneumonije [17].

PROCENA VEROVATNOĆE KOVID-19 
PNEUMONIJE U ODNOSU NA DRUGE UZROKE 
INTERSTICIJUMSKIH PNEUMONIJA

Obostrane, multifokalne, kružne i slivene zone denzite-
ta „mlečnog stakla“ (intersticijumski pneumonitis), a ka-
snije i konsolidacije, periferne/subpleuralne lokalizacije, 
najobimnije posteriorno u donjim režnjevima, tipično 
se vizualizuju CT-om kod KOVID-19 pneumonije. Distri-
bucija promena u plućima može biti lobularna (kružne 
zone), subpleuralna (slivene zone), ili difuzna [16]. 

Po pravilu, kod KOVID-19 pneumonije nisu prisutne 
ekskavacije/kavitacije i nodularne lezije u parenhimu 
pluća, kao ni uvećani medijastinalni limfni čvorovi, niti 
pleuralni izlivi [12,18,19]. Za procenu verovatnoće KO-
VID-19 pneumonije, na osnovu kriterijuma tipičnog/
atipičnog CT nalaza, i u cilju preciznije diferencijalne 
dijagnoze u odnosu na intersticijumske pneumonije 
druge etiologije, predloženo je tri sistema gradiranja: 
RSNA (engl. Radiological Society of North America) [12], 
CO-RADS [18] i COVID-RADS [19], od kojih su prva dva 
našla širu kliničku primenu, bez značajne razlike u dija-
gnostičkoj pouzdanosti [20] (Tabela 2). 

U diferencijalnoj dijagnozi KOVID-19 pneumonije 
dolaze u obzir druge intersticijumske pneumonije ra-
zličite etiologije, koje se karakteristično manifestuju 
promenama denziteta „mlečnog stakla“, kao što su: vi-
rusne (influenca tip A, adenovirus, hantavirus, respira-
torni sincicijalni virus, SARS, MERS), atipične bakterijske 
pneumonije (mikoplazma, hlamidija), retka oportuni-
stička gljivična Pneumocystis jiroveci pneumonija, hi-
persenzitivne, eozinofilne i lipoidne pneumonije, ošte-
ćenja pluća prouzrokovana upotrebom nekih lekova 
i narkotika, i dr. [21,22]. Poznavanje razlika u kliničkoj 
slici, laboratorijskim nalazima i tipičnoj radiološkoj pre-
zentaciji, koju karakteriše predilekciono subpleuralna i 
perifrena distribucija inflamatornih promena u plući-
ma, ključno je za postavljanje ispravne dijagnoze. 

SISTEMI BODOVANJA (SCORING) OBIMA I 
TEŽINE KOVID-19 PNEUMONIJE NA OSNOVU 
CT NALAZA I RADIOGRAFIJE

Za procenu obima i težine pneumonije CT-om i radi-
ografijom predloženi su različiti sistemi bodovanja 
(engl. scoring) od strane različitih autora [4,23-26]. 
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Tabela 2. Verovatnoća KOVID-19 pneumonije prema CT prezentaciji: RSNA i CO-
RADS kriterijumi

Kategorija Verovatnoća KOVID-19 
pneumonije CT slika

Category Probability of COVID-19 
pneumonia CT image

RSNA*

Tipična Visoko specifična za KOVID-19 
pneumoniju

Periferne, bilateralne promene denziteta „mlečnog stakla“, sa ili bez konsolidacije ili vidljivih intralobularnih septi 
(znak „popločavanja”)
Multifokalne kružne promene denziteta „mlečnog stakla“ sa ili bez konsolidacije ili vidljivih intralobularnih septi 
(znak „popločavanja”)
„Obrnuti halo” znak ili drugi znaci organizujuće pneumonije (vidljivi u kasnijem stadijumu bolesti)

Typical Highly specific for COVID-19 
pneumonia 

Peripheral, bilateral ground- glass opacities, with or without consolidation or visible intralobular septs (‘paving-stone’ sign)
Multifocal, round zones of ground-glass density with or without consolidation or visible intralobular septs (‘paving-
stone’ sign) 
‘Reversed halo’ sign or other signs of organizing pneumonia (visible at a later stage of the disease)

Neodređena Nespecifična za KOVID-19 
pneumoniju

Odsustvo tipičnih CT znakova i prisustvo:
multifokalnih, difuznih, perihilarnih ili unilateralnih promena denziteta „mlečnog stakla“, sa ili bez konsolidacije, 
nespecifičnog oblika i  distribucije
Nekoliko vrlo malih zona denziteta „mlečnog stakla“ koje nisu kružnog oblika niti periferne distribucije)

Undetermined Not specific for COVID-19 
pneumonia

Absence of typical CT signs and the presence of multifocal, diffuse, perihilar or unilateral ground-glass opacities, with or 
without consolidation, nonspecific in shape and distribution
Several very small zones of ground-glass density, which are neither round nor peripherally distributed

Atipična Neuobičajena ili neobjavljena za 
KOVID-19 pneumoniju

Odsustvo tipičnih ili neodređenih znaka i prisustvo: izolovanih lobarnih ili segmentnih konsolidacija, bez promena 
denziteta „mlečnog stakla“
Diskretni sitni nodusi (centrilobularni, „tree in bud“)
Kavitacije
Zadebljanje interlobularnih septi sa pleuralnim izlivom

Atypical Unusual or unreported for 
COVID-19 pneumonia 

Absence of typical or nonspecific signs and the presence of isolated lobar or segmented consolidations, without ground-
glass opacities 
Small discreet nodes (centrilobular, ‘tree in bud’)
Cavitation
Thickening of interlobular septs with pleural effusion

CO-RADS**

0 Nije za interpretaciju CT pregled insuficijentan za interpretaciju /  
CT examination insufficient for interpretation

1 Vrlo niska Normalan nalaz, ili odsustvo CT znaka infekcije /  
Normal finding or absence of CT signs of infection

2 Niska Tipičan CT nalaz za druge infekcije, ali ne za KOVID-19 pneumoniju /  
Typical CT finding for other infections, but not for COVID-19 pneumonia

3 Nesigurna Promene kompatibilne sa oboljenjem KOVID-19 ali takođe prisutne i kod ostalih oboljenja / Changes compatible with 
the COVID-19 disease, but also present in other diseases

4 Visoka Suspektna na KOVID-19 /  
Suspected of COVID-19

5 Vrlo visoka 

Tipična za KOVID-19: promene denziteta „mlečnog stakla“, sa ili bez konsolidacije, u subpleuralnim delovima pluća i 
multifokalna bilateralna distribucija / 
Typical for COVID-19: ground-glass opacities, with or without consolidation, in the subpleural regions of the lungs with 
multifocal bilateral distribution

6 Dokazana Pozitivan PCR test na SARS-KoV-2 / 
Positive PCR test for SARS-CoV-2

Table 2. Probability of COVID-19 pneumonia, based on CT presentation: RSNA 
and CO-RADS criteria

*RSNA: Radiological Society of North America Expert Consensus Statement on 
Reporting Chest CT Findings Related to COVID-19. Endorsed by the Society of Thoracic 
Radiology, the American College of Radiology, and RSNA [12]
**CO-RADS:  COVID-19 Reporting and Data System developed by Dutch Radiological 
Society [18]

*RSNA: Radiological Society of North America Expert Consensus Statement on Reporting 
Chest CT Findings Related to COVID-19. Endorsed by the Society of Thoracic Radiology, the 
American College of Radiology, and RSNA [12]
**CO-RADS:  COVID-19 Reporting and Data System developed by Dutch Radiological 
Society [18]
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the clinical presentation, the laboratory findings and 
the typical radiological presentation, characterized by 
predominantly subpleural and peripheral distribution 
of inflammatory changes in the lungs, is essential in es-
tablishing the right diagnosis. 

SCORING SYSTEMS FOR ASSESSING THE 
EXTENT AND SEVERITY OF COVID-19 
PNEUMONIA ON THE BASIS OF CT AND 
RADIOGRAPHIC FINDINGS 

For the assessment of the extent and severity of pneu-
monia, based on CT and radiography findings, different 
scoring systems have been proposed by different au-
thors [4,23-26]. The widely accepted CT Severity Scor-
ing System, described in the above-mentioned study 
by Pan et al. [4], based on the previously applied scor-
ing system for analyzing the scope of lung changes in 
ARDS, is founded on visual, semiquantitative assess-
ment of the percentage of pulmonary parenchyma af-
fected by inflammatory changes. Based on this scoring 
system, the extent of inflammation in each of the five 
lobes is assessed on a scale from 0 to 5, with 1 point 
signifying that less than 5% of the lung parenchyma in 
the lobe is affected by inflammation; 2 points show that 
between 5% and 25% of the parenchyma is involved; 
3 points indicate between 26% and 49% of parenchy-
ma affected by inflammation; 4 points signify between 
50% and 75% of parenchyma involved; while 5 points 
indicate that more than 75% of the parenchyma in the 
lobe is inflamed. Thus, the total number of points, i.e., CT 
score, can range from 0 to 25 [4] (Figures 4a, 4b). A dif-
ferent group of Chinese authors has proposed a similar, 
but simpler scoring system, with the scale ranging from 
0 to 4. It differs from the previous system in the fact that 

Široko prihvaćen CT Severity Scoring System, koji je opi-
san u već pomenutoj studiji Pana i saradnika [4], na 
osnovu ranije korišćenog sistema bodovanja u analizi 
rasprostranjenosti promena u plućima kod ARDS-a, 
zasniva se na vizuelnoj, semikvantitativnoj proceni 
procentualne zahvaćenosti parenhima pluća zapaljen-
skim promenama. Na osnovu ovog sistema bodovanja, 
procenjuje se zahvaćenost svakog od pet lobusa pluća 
na skali od 0 do 5, pri čemu 1 bod podrazumeva da je 
inflamatornim promenama zahvaćeno manje od 5% 
parenhima lobusa; 2 boda, da je zahvaćeno između 
5% i 25%; 3 boda, između 26 i 49%; 4 boda, između 
50-75%; a 5 bodova da je upalom zahvaćeno više od 
75% parenhima lobusa. Na taj način, ukupan broj bo-
dova, tj. CT skor, može da se kreće od 0 do 25 [4] (Slika 
4a, 4b). Druga grupa kineskih autora predložila je sli-
čan, ali jednostavniji sistem bodovanja, sa skalom od 0 
do 4, koja se od prethodnog razlikuje po tome što ne 
postoji kategorija zahvaćenosti do 5%, nego 1 bod po-
drazumeva zahvaćenost do 25% parenhima lobusa; 2 
boda podrazumevaju zahvaćenost između 26% i 50%; 
3 boda ukazuju na zahvaćenost između 50% i 75%; dok 
4 boda podrazumevaju zahvaćenost veću od 75% [23]. 
Množenjem broja bodova sa pet (ukupan broj lobusa 
pluća) dobija se mogući raspon skora od 0 do 20 [23]. 
Složeniji sistemi bodovanja kombinuju procenu pro-
centualne zahvaćenosti parenhima pluća, u segmen-
tima ili lobusima, sa tipom zapaljenskih promena, pri 
čemu konsolidacija nosi dvostruko veći broj bodova u 
odnosu na promene denziteta „mlečnog stakla“. Stoga 
se množenjem broja bodova za svaki plućni lobus i sa-
biranjem tih bodova dobijaju veće vrednosti ukupnog, 
kao i maksimalnog skora, u odnosu na dva prethodno 
navedena sistema bodovanja [24,25]. 

Slika 4. Koronarni (a) i sagitalni (b) presek CT pregleda iste pacijentkinje 
(aksijalni presek na slici 3a): u svim lobusima zahvaćeno >25% parenhima (3 
boda), stoga ukupan CT severity score procenjen na 15/25.  

Figure 4. Coronal (a) and sagittal (b) section of the CT examination of the same 
patient (axial section in Figure 3a): in all lobes >25% of parenchyma affected 
(3 points), therefore the total CT severity score estimated at 15/25
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there is no category signifying less than 5% of paren-
chymal involvement, rather, 1 point signifies that up to 
25% of the parenchyma of the lobe is affected; 2 points 
indicate between 26% and 50% of parenchyma involve-
ment; 3 points signify that between 50% and 75% of pa-
renchyma is affected; while 4 points indicate that more 
than 75% of the parenchyma in the lobe is inflamed 
[23]. By multiplying the number of points with five (total 
number of lung lobes), the overall score (possible range: 
0 - 20) is obtained [23]. More complex scoring systems 
combine the assessment of the extent of parenchymal 
involvement, in the segments and the lobes, with the 
type of inflammatory changes, whereby consolidations 
carry double the number of points as compared to the 
ground-glass opacities. Therefore, by multiplying the 
number of points for each lung lobe and by adding 
these points up, higher values of the overall as well as 
the maximum score are obtained, as compared to the 
two previously described scoring systems [24,25]. 

Different scoring systems are also being used for 
assessing the extent of pulmonary parenchyma affect-
ed on X-ray images [26]. The simplest system is the one 
where the percentage to which each lung is affected 
by inflammatory changes is assessed visually on a scale 
ranging from 1 to 4 (1:<25%; 2: 25-50%; 3: 26-75%; and 
4: >75%), and the sum of points for each lung can range 
from 0 to 8 [26]. Italian authors from Brescia have pub-
lished the CXR (Chest X-Ray) or Brixia scoring system, 
which analyzes, not only the presence of inflammatory 
changes, but also their dominant type [27]. According 
to this classification, both lungs are divided into three 
fields each (upper, middle and lower), which makes a 
total of 6 lung fields. Each field is analyzed for the pres-
ence of three types of inflammatory changes: interstitial 
opacities (1 point), mixed interstitial and consolidation 
lesions (2 points), and dominant presence of consolida-
tions (3 points). Thereby, the overall score cane range 
from 0 to 18 points [27]. A similar, but simpler method 
is applied in the Chest Severity Score System, proposed 
by American authors, as it analyzes only the presence of 
inflammatory changes in each of the three fields of the 
lungs (upper, middle and lower), in both lungs. There-
fore, the possible score range is between 0 and 6 [28].

For a more precise assessment of the percentage 
of the lung parenchyma affected by pneumonia, vol-
umetric CT analysis, a quantitative method which ex-
actly shows the volume of lung parenchyma affected 
by inflammatory changes, as well as the volume of 
unaffected parenchyma, may be applied. This meth-
od can be manual, semiautomatic or automatic, while 
numerous algorithms based on the application of ar-
tificial intelligence have also been tested and applied 
[29,30]. It has been shown that the extent of lung pa-

 Za procenu zahvaćenosti pluća na rendgenografiji 
takođe se koriste različiti načini bodovanja [26]. Naj-
jednostavniji je onaj kojim se vizuelno procenjuje pro-
cenat zahvaćenosti svakog plućnog krila zapaljenskim 
promenama na skali od 1 do 4 (1:<25%; 2: 25-50%; 3: 
26-75%; i 4: >75%), a zbir bodova za oba plućna krila 
može da se kreće u rasponu od 0 do 8 [26]. Italijanski 
autori iz Breše su publikovali CXR (engl. Chest X-Ray) ili 
Brixia sistem bodovanja kojim se analizira i dominantni 
tip zapaljenskih promena, a ne samo njihovo prisustvo 
[27]. Po ovoj klasifikaciji, oba plućna krila se dele na po 
tri plućna polja (gornje, srednje i donje), što čini uku-
pno 6 plućnih polja. U svakom se analizira prisustvo tri 
tipa zapaljenskih promena: intersticijumskih (1 bod), 
mešovitih intersticijumskih i konsolidacija (2 boda), i 
dominantno prisustvo konsolidacija (3 boda). Stoga, 
ukupan broj bodova može da se kreće u rasponu od 0 
do 18 [27]. Sličan, ali jednostavniji princip, primenjen je 
u Chest Severity Score sistemu, koji su predložili američki 
autori, jer se analizira samo prisustvo zapaljenskih pro-
mena u svakom od tri plućna polja (gornje, srednje i 
donje), u oba plućna krila, pa je mogući raspon skora 
od 0 do 6 [28].

 Za precizniju procenu procentualnog obima pluć-
nog parenhima zahvaćenog pneumonijom može da se 
koristi CT volumetrija, kvantitativna metoda koja eg-
zaktno pokazuje volumen parenhima pluća koji je za-
hvaćen zapaljenskim promenama, kao i volumen oču-
vanog parenhima pluća. Ova metoda može da bude 
manuelna, poluautomatska ili automatska, pri čemu su 
i brojni algoritmi zasnovani na primeni veštačke inteli-
gencije takođe testirani i primenjuju se [29,30]. Poka-
zano je da zahvaćenost od više od oko 25% volumena 
parenhima pluća zapaljenskim promenama, vizualizo-
van CT-om, najčešće korelira sa respiratornom insufi-
cijencijom, koja zahteva terapijsku primenu kiseonika 
[31]. Takođe je pokazano da su pacijenti sa težom kli-
ničkom slikom i nepovoljnim ishodom inicijalno imali 
multilobularnu i difuznu distribuciju zapaljenskih pro-
mena, sa prosečno većim CT skorom, koji je nastavljao 
rapidno da raste sledećih nekoliko dana, prelazeći u 
ARDS [24,32]. 

ZAKLJUČAK

Kompjuterizovanom tomografijom se sa visokom sen-
zitivnošću detektuju inflamatorne promene u plućima 
kod pacijenata sa oboljenjem KOVID-19. Obostrane, 
multiple, kružne ili slivene zone denziteta „mlečnog 
stakla“, predilekciono lokalizovane subpleuralno, pe-
riferno i posteriorno, obično najobimnije u donjim 
režnjevima, predstavljaju tipičnu CT prezentaciju KO-
VID-19 pneumonije. 
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renchyma involvement, as seen on the CT scan, which 
exceeds 25% of the overall parenchyma volume, cor-
relates most commonly with respiratory insufficiency, 
which requires oxygen therapy [31]. It has also been 
demonstrated that patients with more severe clinical 
presentation and a less favorable outcome, initially 
had multilobular and diffuse distribution of inflam-
matory lesions, with a higher average CT score, which 
continued to rapidly rise in the several following days, 
turning into ARDS [24,32]. 

CONCLUSION

Computed tomography detects, with high sensitivity, 
inflammatory changes in patients with COVID-19. Bi-
lateral, multiple, round or confluent zones of ground-
glass density, predominantly localized subpleurally, 
peripherally and posteriorly, usually most extensive in 
the lower lobes, represent a typical CT presentation of 
COVID-19 pneumonia. 

Repeated low-dose CT scan examinations make it 
possible to monitor the dynamics of the evolution of 
pneumonia in the qualitative (stage) and quantitative 
(extent of the inflammation in the lungs) sense. Chest 
radiography, although less sensitive than CT, due to 
wide availability, simpler, shorter and safer application, 
as well as a lower exponential dose of radiation for the 
patient, remains widely applied in triage and follow-up 
of COVID-19 patients. 
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nju pacijenata sa oboljenjem KOVID-19. 
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