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A B S T R A C T   

Purpose: We aimed to compare COVID-19 imaging findings of young adults (19–35 years of age) with those of 
children (0–18 years) and to correlate imaging findings of young adults with their laboratory tests. 
Materials and methods: This retrospective study included Real Time-Polymerase Chain Reaction (RT-PCR) 
confirmed 130 young adults (mean age: 28.39 ± 4.77; 65 male, 65 female) and 36 children (mean age: 12.41 ±
4.51; 17 male, 19 female), between March and June 2020. COVID-19 related imaging findings on chest CT were 
examined in young adults and compared with children by the Mann-Whitney U, and Chi-square or Fisher's exact 
test. Laboratory examinations of young adults were assessed in terms of correlation with radiological findings by 
the Spearman's correlation analysis. 
Results: Bilateral multiple distributions (p = 0.014), subpleural involvement, and pleural thickening (p = 0.004), 
GGOs with internal consolidations were more frequent in adults (p = 0.009). Infiltrations were significantly 
larger than 20 mm in young adults (p = 0.011). The rates of feeding vessel sign, vascular enlargement, and halo 
sign were significantly higher in young adults (p < 0.003). Highly significant positive correlations were found 
between radiological and biochemical parameters. 
Conclusion: Distribution, size, and pattern of COVID-19 related imaging findings differed in children and young 
adults. Radiological findings were correlated with biochemical parameters but not with blood count results of 
young adults.   

1. Introduction 

2019-nCoV is an enveloped and single-stranded RNA virus which is a 
member of the beta-CoVs family and has a zoonotic origin.1 Although 
bats were initially identified as natural hosts, currently the primary 
source is infected people. The virus infects the cells through the 
angiotensin-converting enzyme-2 protein found in the lung, intestines, 
heart, and kidney.2 Infected people may be asymptomatic or develop 
mild to severe clinical findings, commonly as fever and cough often 
associated with lymphopenia in blood count. Overactivation of T lym-
phocytes owing to systemic viral sepsis may result in cytokines storm 
and acute respiratory distress syndrome or even death.2 Pathological 

findings in the lungs include bilateral diffuse alveolar damage, hyaline 
membrane formation, lymphocyte-weighted mononuclear cell infiltra-
tion in the interstitium, and changes consistent with viral cytopathy 
similar to Severe Acute Respiratory Syndrome and the Middle East 
Respiratory Syndrome.3 Thromboses of small or middle-sized pulmo-
nary arteries due to local prothrombotic mechanisms associated with 
dyspnea, hypoxia, and radiological findings were frequently depicted in 
elderly patients.4 Age was depicted as an independent risk factor for 
disease severity5 and also COVID-19 related deaths with a male predi-
lection.6 Disease severity in COVID-19 is associated with blood cell al-
terations, CRP levels, hemostatic laboratory disorders, and 
inflammatory markers. A minimal laboratory testing owing to the 
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prognostic monitorisation was suggested.7 The relationship of radio-
logical findings with laboratory tests was depicted in a few studies in 
elderly patients.8,9 There have been limited data regarding the radio-
logical and laboratory findings of younger patients with COVID-19 
diagnosis along with the possible association. 

Radiological findings of COVID-19 have been extensively investi-
gated in the middle-aged and older adults as bilaterally and peripherally 
distributed ground-glass opacities (GGOs), which were either rounded 
or patchy in shape commonly associated with subpleural involvement.10 

Chest CT manifestations of COVID-19 have been variable in different age 
groups.11–14 In a study with the largest pediatric population, normal CT 
examinations were depicted in 77% of children.15 Radiological differ-
ences of COVID-19 in children compared to adults have been depicted in 
a few studies with small sample sizes.11,15–20 Comparisons between 
younger age groups were limited due to mild clinical courses and rela-
tively higher asymptomatic cases in children. Although clinical and 
radiological correlations have been extensively investigated, the corre-
lation of radiological findings with laboratory tests has not yet been 
confirmed. 

In this study, we aimed to reveal COVID-19 related imaging findings 
in young adults, compare the findings with children, and assess the data 
of young adults for correlation with laboratory changes. 

2. Material and methods 

2.1. Study protocol and patients 

The current retrospective study was performed in a single academic 
center and included young adults and children diagnosed with COVID- 
19 with RT-PCR tests between 10 March and 15 October 2020. The 
local ethics committee approved the study (File number: 2020/1101). 
Informed consent was waived because of the retrospective design. RT- 
PCR tests were evaluated in two laboratories under the supervision of 
the Ministry of Health. One hundred and thirty young adults aged 19–35 
years (65 male, mean age: 28.70 ± 4.63 years; 65 female, mean age: 
28.09 ± 4.96 years) and 36 children aged 0–18 years (17 male, mean 
age: 11.47 ± 4.18 years; 19 female, mean age: 13.26 ± 4.74 years) were 
included. None of the children had a chronic cardiac, pulmonary, or 
hepatic disease that may lead to lymphadenopathy, pleural effusion, or 
pulmonary interlobular interstitial thickening which may mimic COVID- 
19 related findings. Among the young adults, four patients had chronic 
kidney failure, four patients had hypothyroidism, two patients had 
multinodular goiter, two patients had hypertension, two patients had a 
history of kidney transplantation, one patient had asthma, one patient 
had metabolic syndrome, one patient was operated for rectum cancer 
and one patient was operated for thyroid carcinoma. But none of the 
patients had any finding of a decompensated organ failure at the time of 
the radiological examination. We retrieved initial chest CT examinations 
of 36 children and 130 young adults, one for each patient. We included a 
proportional number of symptomatic children and young adults with the 
general hospital admission. The number of young adult patients was not 
reduced in order not to weaken the laboratory correlation of this group. 
Other causes of ground-glass opacity could not be ruled out via viral 
swab paned owing to the pandemic circumstances. 

2.2. Clinical laboratory tests 

Laboratory test evaluations of young adults were carried out in the 
same local laboratory on the day of CT examination. White blood cell 
(WBC), neutrophil, lymphocyte, and platelet levels were collected from 
the complete blood count database (n:92). We recorded C-reactive 
protein (CRP, n:91), lactic acid dehydrogenase (LDH, n:85), fibrinogen 
(n:83), D-dimer (n:89), procalcitonin (n:79), and troponin (n:89) levels. 
Ferritin levels were depicted in 85 patients, with the references ranged 
from 30–400 ng/mL to 13–150 ng/mL for the males and females, 
respectively. 

2.3. Chest CT examination 

Chest CT examinations of young adults and children with RT-PCR 
confirmed COVID-19 diagnosis was performed using a 64 detector CT 
scanner (Aquillon 64, Toshiba Medical Systems, Tochigi, Japan) without 
using contrast agents (For adult patients, tube voltage, 100–120 kV; tube 
current time product, 50–150 mAs; reconstruction interval, 1-5 mm; 
pitch, 0.65–1.4; slice thickness, 5 mm). The exposure dose was adjusted 
based on the patient's age and weight for the children, varying between 
55kVp, 5 mAs, and 100 kVp, 100 mAs. Cooperative patients were or-
dered to hold their breath. Few studies especially for the patients under 
three years old had motion artifacts that did not allow the assessment. 
CT scans with motion and respiratory artifacts that cause diagnostic 
dilemma due to poor image quality are excluded. All chest CT images 
were reviewed in terms of COVID-19 related imaging findings with the 
consensus of a pediatric radiologist (with more than four years of pe-
diatric radiology and nine years of radiology experience) and a radiol-
ogist having more than three years of chest radiology experience who 
were blinded to the symptoms and laboratory tests paying attention to 
suggestions of Fleischner Society.21 Pulmonary vascular changes and 
perivascular distribution (Figs. 1a, 1b, 1c), nodular shaped GGOs and 
consolidations (Figs. 2a, 2b, 2c, 2d), and COVID-19 involvement in 
children (Figs. 3a, 3b, 3c, 3d, 3e, 3f) were depicted. The lesions 
compatible with chronic sequela or not associated with COVID-19 were 
not included. 

Distributions of infiltrations (unilateral or bilateral; central or pe-
ripheral; upper, middle or lower lobe; anterior, middle, or posterior 
zone), and the total number of involved lobes in each case were recor-
ded. An involvement score for each lobe were given based on the infil-
tration ratio as 1–25%, 26–50%, 51–75% and 76–100% involvement 
corresponding to 1,2,3,4 score(s), respectively. The total CT involve-
ment score was depicted as the sum of lobes' scores for each patient.11 

We evaluated a pulmonary involvement score based on the segmental 
involvement to reveal the differences owing to the smaller-sized but 
multiple opacities. The pulmonary involvement score for each patient 
was calculated as the sum of the scores of each lung segment (0 for an 
intact segment, 1 for <50% involvement, and 2 for >50% involvement). 
We determined the size category of the infiltrates (0-20 mm, 20–40 mm, 
and >40 mm) based on the size of the largest infiltration. 

The involvement pattern as focal or peribronchial along with the 
subpleural extension, as well as the presence of pleural thickening was 

Fig. 1a. A 16-year-old male patient. A focal ground-glass opacity in the ante-
rolateral segment of the right lower lobe located at the tip of the pulmonary 
artery branch. There is a dense and dilated vessel (closed arrow) compared to 
the proximal segment (open arrow) just before the infiltrate. 
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noted. Subpleural involvement was defined as the infiltration adjacent 
to the pleura. Infiltration density was categorized as pure GGO, GGO 
with internal consolidation (<50%, >50%), and consolidation. Bron-
chovascular interstitial thickening and air bronchograms were checked. 
Imaging findings associated with COVID-19 as the halo sign, vascular 
enlargement sign, blood vessel penetration sign, vacuole sign, crazy 
paving pattern, atoll sign (reversed halo), and white lung were investi-
gated. The presence of discrete pulmonary nodules, lymphadenopathy, 
pleural effusion, atelectasis, and bronchus deformation was evaluated. 

2.4. Statistical analysis 

We assessed the statistical analysis using the Statistical Package for 
the Social Sciences (SPSS) (version 21, IBM Corp.). Distribution of the 
data was tested by the Kolmogorov-Smirnov test with paying attention 
to skewness and kurtosis. Categorical variables were expressed as a 

Fig. 1b. A 35-year-old male patient. A ground-glass opacity and associated 
dilated pulmonary artery (closed arrow) compared to the closest pulmonary 
artery branch (open arrow). 

Fig. 1c. A 21-year-old male patient. Nodules at the tips of the pulmonary artery 
branches (closed arrow) mimicking tree in bud sign are seen. There are multiple 
nodular ground-glass opacities with an internal dot-like density (White arrow) 
corresponding to the dense vessels at the center of the infiltrates. 

Fig. 2a. A 20-year-old female patient. Bilateral, nodular shaped, and peri-
vascular distributed GGOs with central consolidations. 

Fig. 2b. A 26-year-old female patient. Bilateral, multiple, peripherally, and 
perivascular distributed GGOs with subpleural involvement and dense vessels 
in the centers. 

Fig. 2c. A 21-year-old male patient. Bilateral, multiple, peripherally distrib-
uted infiltrations both as perivascular GGOs or nodular shaped consolidation. 
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percentage and assessed using the Chi-square or Fisher's exact tests 
among the children and young adults. Non-parametric data were 
expressed as median (IQR) and compared with the Mann-Whitney U test. 
The parametric data were expressed as mean ± standard deviation and 
compared with the t-test among children and young adults. Spearman's 
correlation analysis was performed to assess the association between 
radiological and laboratory data. A p-value of less than 0.05 is consid-
ered as statistically significant. 

3. Results 

The descriptive statistics of age and quantitative radiological pa-
rameters in young adults compared to children are given in Table 1. 
There were no statistically significant differences regarding the medians 
of the largest infiltration size (p = 0.079), the total number of involved 
lobes (p = 0.6), CT involvement score (p = 0.99), and pulmonary 
involvement score (p = 0.76) between young adults and children. 

Chest CT examination results are given in Tables 2, 3. 52.7% of the 
36 children and 53.8% of the young adults have abnormal findings 

Fig. 2d. A 13-year-old male patient. Bilateral, multiple, peripherally, and 
perivascular distributed GGOs with dense vessels in the centers. 

Fig. 3a. 3-year-old male patient. Bilateral peripherally distributed nodular- 
shaped GGOs and consolidations with halo sign. 

Fig. 3b. 3-year-old male patient. A peripheral nodular-shaped consolidation in 
the right lung posterobasal segment and a subpleural segmental consolidations 
with halo sign in the left lung posterobasal segment. 

Fig. 3c. 13-year-old female patient. Bilateral peripheral and perivascular 
distributed nodular shaped consolidations associated with halo sign. 

Fig. 3d. 9-year-old male patient. Bilateral peripheral/subpleural nodular- 
shaped perivascular consolidations and a segmental patchy consolidation at 
the right lung middle lobe. 
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related to COVID-19 on chest CT exams. Lower lobes were more 
frequently affected in both young adults (n:58, 44.6%) and children 
(n:17, 47.2%) without statistical significance. Bilateral multiple in-
filtrations were more frequently depicted in adults compared to children 
(p = 0.014). Subpleural involvement (p = 0.004) and associated pleural 
thickening (p = 0.001) were more frequently seen in young adults 
compared to children. Lesions were peripherally distributed in a 
considerable number of young adults (51.5%) and children (52%) 
(Figs. 2a, 2b, 2c, 2d, 3f). There was no preponderance in terms of 
anterior and middle distribution in age groups. Infiltrations were 
significantly larger than 20 mm in young adults compared to children (p 
= 0.011). Infiltrations were either nodular-shaped or peribronchial 
distributed in both children and young adults (Figs. 2a, 2c, 3a, 3b, 3c, 
3d, 3f) . GGOs with or without consolidation were more frequent in both 
age groups compared to pure consolidations. GGOs were more 
frequently associated with internal consolidations in adults compared to 
children (p = 0.009) (Fig. 2c). The rates of feeding vessel sign (p =
0.001), vascular enlargement (p = 0.001), and halo sign (p = 0.003) 
were significantly higher in young adults compared to children (Figs. 1b, 
1c). Discrete nodules were frequently depicted both in children (n:11; 
30.5%) and young adults (n:46, 35.4%). Vacuole sign and air bron-
chograms were less frequently depicted imaging findings with a slightly 
higher incidence in young adults . Bronchovascular interstitial thick-
ening and lymphadenopathy were more frequent in children without 
statistical significance. Pleural effusion was depicted in only a child 
(2.7%) but not in adults. Atoll sign (n:2,1.5%) and crazy paving pattern 
(n:4, 3%) were less frequently depicted findings in young adults but not 
seen in children. Bronchus deformation, white lung, and tree in bud sign 
were not depicted in both children and young adults. 

The descriptive statistics of non-normal distributed laboratory pa-
rameters in young adults are given in Table 4. The leukocyte (n:72, 
78.3%), neutrophil (n:77, 83.7), lymphocyte (n:69, 75%), platelet (n:84, 
91.3), fibrinogen (n:48, 57.8), D-dimer (n:73,83%), CRP (n:50, 54.3%), 
troponin (n:86, 96.6), LDH (n:68, 80%), ferritin (n:65, 85.6%), and 
procalcitonin (n:79, 97.5%) levels were normal in considerable number 
of the young adults. Lymphopenia (n:23, 25%), leukopenia (n:15, 
16.3%), neutropenia (n:12, 13%), and thrombocytopenia (n:7, 7.6%) 
were the most frequent complete blood count alterations, respectively. 
Elevated CRP (n:41, 45%) and fibrinogen (n:35, 42.2%) levels were 
more frequently encountered compared to blood count alterations. LDH 
(n:9, 10.6%) and D-dimer (n:16, 18%) elevations were less frequently 
depicted biochemical findings. The incidences of elevated troponin (n:3, 
3.4%) and procalcitonin (n:2, 2.5%) levels were lower than frequency of 
blood count alterations. 

Correlation analysis results are shown in Table 5. Statistically sig-
nificant moderate positive correlations were found between radiological 
and biochemical parameters. Highly significant moderate positive cor-
relations were found between CRP and all quantitative radiological 
parameters (p = 0.041 - <0.001, r = 0.21–0.47). LDH levels were 
significantly correlated with the CT involvement score, pulmonary 
involvement score, and the total number of involved lobes. Fibrinogen 
levels were correlated with lesion size, size range category, and also the 
total number of involved lobes. Ferritin levels were correlated with 
lesion size and size category. D-dimer levels were correlated with the 
scores of pulmonary involvement and also the total CT involvement. No 
significant correlations were depicted among the quantitative radio-
logical parameters with leukocyte, neutrophil, lymphocyte, and platelet 
counts. Age was positively correlated with pulmonary involvement 
score (r = 0.19, p = 0.026) and LDH (r = 0.25, p = 0.019). A mild 
negative correlation was found between age and lymphocyte count (r =
− 0.24, p = 0.018) but not with radiological findings. 

4. Discussion 

In the present study, we documented the radiological findings of RT- 
PCR confirmed COVID-19 in young adults compared to children. 

Fig. 3e. 9-year-old male patient. Bilateral peripheral multifocal GGOs and 
subsegmental patchy consolidation at the lower lobe of the left lung. 

Fig. 3f. 14-year-old male patient. Bilateral multifocal subcentimeter nodular- 
shaped GGOs with central consolidations. 

Table 1 
Descriptive statistics comparison of quantitative parameters in children and 
young adults  

Parameter 0–18 years (n:36) 19–35 years (n:130) p 

Mean ±
standard 
deviation 

Median 
(IQR) 

Mean ±
standard 
deviation 

Median 
(IQR) 

Age 12.41 ±
4.51 

14 
(9.25–16) 

28.39 ±
4.77 

29 
(25–33)  

0.001* 

Largest lesion 
size (mm) 

17.47 ±
25.91 

8 (5–15.5) 28.4 ±
25.99 

16 
(6–45)  

0.079 

Total number 
of involved 
lobes 

2.35 ± 1.53 2 (1–3.5) 2.47 ± 1.53 2 (1–4)  0.6 

CT 
involvement 
score 

2.7 ± 1.75 2 (1–4) 2.7 ± 1.86 2 (1–4)  0.99 

Pulmonary 
involvement 
score 

2.85 ± 2.75 1.5 
(1–4.25) 

4.89 ± 4.25 2 (1–6)  0.76 

P-values by Mann-Whitney U test, *p-value by t-test. 
IQR: Interquartile range. 
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Posteriorly and peripherally distributed GGOs with internal consolida-
tions involving commonly less than three lobes were the most common 
imaging findings in patients younger than 35 years old (Figs. 2a, 2c). 
Compared to children, multiple lesions were more frequently seen 
bilateral in adults (Figs. 2a, 2b, 2c). Infiltrates larger than 2 cm, con-
solidations within GGOs, and peribronchial distribution were more 
frequent findings in young adults (Fig. 2c). Infiltrates were mostly 
nodular-shaped in children (Figs. 2d, 3a, 3b, 3c, 3d, 3f). The rates of 
feeding vessel sign, vascular enlargement, halo sign, and subpleural 
changes were significantly higher in adults (Figs. 1b, 1c, 2b). Elevated 
CRP and fibrinogen levels were more common disorders than blood 
count alterations. Involvement scores and the lesion size were signifi-
cantly correlated with CRP, LDH, fibrinogen, ferritin, and D-dimer 
levels. CRP was the most frequently correlated laboratory parameter 
with the highest degree. 

The CT involvement score and the number of total involved lobes in 
young adults were similar to children in the current study. The mean and 
median lung segment based pulmonary involvement scores and the 
largest lesion size was higher in young adults than children without a 
statistical significance. This may be owing to either higher numbers or 
larger sizes of lesions. As far as we know, there has been no comparable 
study based on segmental involvement scores in children and young 
adults. A recent study revealed a significantly higher number of involved 

lobes in adults (mean age: 50.34 ± 16 years) than children11 which may 
confirm the increased numbers of lesions by age. On the other hand, 
incidences of larger-sized infiltrations, consolidation associated GGOs, 
bilaterally distributed multiple lesions in adults compared to children 
support that children may have milder COVID-19 related findings 
compared to adults consistent with the literature.12,13,18 Pleural thick-
ening was more frequent in young adults than children consistent with 
the literature.13,15 Similarly, the crazy-paving pattern was relatively 
lower, and bronchus distortion was not encountered in our cohort than 
that of middle-aged and elderly patients examined in the literature 
suggesting milder interstitial changes in younger patients.22,23 In the 
current study and relevant literature, the predominantly peripheral 
distribution in all age groups was revealed due to the microvascular 
thrombosis and associated pneumonic infiltrations around small-sized 
vessels. 

Nodular-shaped infiltrations are a well-known entity for airway in-
filtrations due to the development of alveolar communication among 
preschool children. However, the considerable incidence of nodular- 
shaped COVID-19-associated pneumonic infiltrations in adults is 
astounding and not expected for typical bacterial or viral pneumonia. 
The higher incidence of nodular-shaped infiltrations in children and a 
considerable number of rounded lesions in adults are compatible with 
the literature.15,24 The presence of discrete nodules and multiple 

Table 2 
COVID-19 related imagings based on distribution and size on chest CT in young adults compared to children. Bold p-values depict the significant differences between 
age groups by Chi-Square test / * Fisher's exact test  

Parameter 0–18 years (n:36) 19–35 years (n:130) p 

Number (Percentage, %) Number (Percentage, %) 

Abnormal findings 21 (58.3) 70 (53.8) 0.66 

Involvement 

Unilateral 8 (22.2) 31 (23.8) 
Unilateral vs bilateral; 0.9 Bilateral 9 (25) 37 (28.4) 

Lower lobe 13 (36.1) 58 (44.6) 0.46 

Total number of involved lobes 1,2 11 (30.5) 42 (32.3) 1,2 vs ≥3 lobes; 0.82 
≥3 6 (16.6) 26 (20) 

Lesion distribution 
Single lesion 6 (16.6) 20 (15.3) 0.95 
Unilateral multiple lesions 8 (22.2) 11 (8.4) 

Unilateral vs bilateral multiple lesions; 0.014 Bilateral multiple lesions 6 (16.6) 37 (28.4) 

Largest lesion size range 
0–20 mm (1) 15(41.6) 36 (27.6) 

1 vs 2,3; 0.011* 20–40 mm (2) 0 9 (6.9) 
>40 mm (3) 2 (5.5) 22 (16.9) 

Central-peripheral Central 3 (8.3) 11 (8.4) 0.95 
Peripheral 19 (52) 67 (51.5) 

Antero-posterior 
distribution 

Posterior 12 (33.3) 58(44.6) 0.077* 
Anterior 7 (19.4) 34(26.1) 0.37 
Middle 10 (27.7) 32(24.6) 0.55  

Table 3 
COVID-19 related imagings based on distribution and size on chest CT in young adults compared to children. Bold p-values depict the significant results  

Parameter 0–18 years (n:36) 19–35 years (n:130) p 

Number (Percentage, %) Number (Percentage, %) 

Pleural-subpleural changes Pleural thickening 3 (8.3) 40 (30.7) 0.001 
Pneumonic involvement 9 (25) 51 (39.2) 0.004 

Infiltration pattern 
Nodular 13 (36.1) 38 (29.2) 

0.033 Peribronchial 4 (11) 41 (31.5) 

Infiltration density 

GGO 7 (19.4) 20 (15.4) 
GGO vs consolidation; 0.79 
GGO with consolidation; 0.009 

GGO+ Consolidation (<50%) 2 (5.5) 21 (16.1) 
GGO+ Consolidation (>50%) 2 (5.5) 8 (6.1) 
Consolidation 6 (16.6) 23 (17.7) 

Associated findings 

Penetrating vessel sign 14 (38.9) 64 (49.2) 0.001 
Vascular enlargement 1 (2.7) 37 (28.4) 0.001 
Halo sign 7 (19.4) 44 (33.8) 0.003 
Vacuole sign 1 (2.7) 7 (5.4) 0.67 
Discrete nodules 11 (30.5) 46 (35.4) 0.5 
Bronchovascular thickening 4 (11.1) 3 (2.3) 0.062 
Air bronchogram 1 (2.7) 10 (7.6) 0.28 
Lymphadenopathy 3 (8.3) 2 (1.5) 0.08* 
Atelectasis 7 (19.4) 9 (7) 0.02*  
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nodular consolidations with the halo sign may be seen due to different 
pneumonia agents such as fungal organisms. However, they are not 
typical for bacterial pneumonia and virus other than SARS-CoV-2. 
Multiple nodular consolidations associated with the halo and the 
feeding vessel signs and nodular shaped GGOs with dense internal ves-
sels correspond to SARS-CoV-2 induced microthrombosis, and angio-
centric inflammation has not been highlighted in elderly adults but 
common in younger patients. 

Complete blood count testing for detection of lymphopenia, neu-
trophilia, and thrombocytopenia; fibrinogen, D-dimer, prothrombin 
time for the depiction of consumption coagulopathy; procalcitonin 
levels to reveal bacterial coinfection; CRP and ferritin levels for an in-
flammatory response; LDH for lung or multiple organ injuries; troponin 
for cardiac injury are recommended as a prognostic laboratory screening 
panel.7 It has been shown that the mild or common type COVID-19 
associated with the presence of GGO, the involvement of fewer than 
three lobes, and the halo sign were more frequent under the age of 40 
years23 with increased CRP levels in one of two patients with the highest 
rate of deterioration among laboratory examinations. Increased CRP 
values (46%), followed by lymphopenia (43%) and procalcitonin in-
crease (40%) were the most commonly deteriorating laboratory pa-
rameters above 40 years of age with the CRP most correlated parameter 
to pulmonary inflammation index.9 CRP has been correlated with CT 

severity score,8 the number of affected lobes, area, and Hounsfield Unit 
of the largest lesion.25 In the present study, we revealed significant 
correlations of CRP with the radiological parameters regarding the 
lesion size and distribution, with increased levels in 45% of the young 
adults that are lower than older adults (84%).25 Lymphopenia, throm-
bocytopenia, and neutropenia were less frequently depicted in our 
cohort than the recent studies covering middle-aged and older 
adults.9,23,25 Thrombocytopenia and increased fibrinogen levels were 
depicted as independent risk factors for disease severity among the pa-
tients above 40 years of age5 but not for death events.26 We depicted 
elevated fibrinogen levels as the second most common deteriorated 
parameter (42%) significantly correlated with lesion size and the num-
ber of involved lobes. Based on our knowledge, no comparable data are 
existent in terms of the correlation of the ferritin and fibrinogen levels 
with radiological parameters. Elevated procalcitonin was also a pre-
dictor of the COVID-19 severity in the elderly population and revealed a 
moderate correlation with air bronchograms but not with the number of 
affected lobes or lesion area.25,27 However, procalcitonin levels were 
less frequently decreased in young adults (2.5%), and no significant 
correlations were depicted with radiological parameters. Based on the 
results of a meta-analysis, LDH levels were found among the more 
common laboratory findings following increased CRP and lymphope-
nia.28 Although LDH levels were less commonly above the normal limit 
(10.6%) in young adults, it presented the second most significantly 
correlated parameter with CT involvement score. D-dimer levels have 
been associated with death events.26 We depicted significant correla-
tions with D-dimer and pulmonary involvement score followed by CT 
involvement score but not with lesion size in the current study. How-
ever, D-dimer levels were moderately correlated with the area of the 
maximal lesion in elderly patients.25 Despite the milder laboratory 
changes in young adults compared to older adults, laboratory findings 
were strongly correlated with radiological findings in young adults 
except for the blood count results. 

Our study has some limitations. First, the correlation between lab-
oratory and radiology findings was not assessed in the pediatric group 
due to the limited data owing to milder clinical courses. Second, clinical 
parameters such as concomitant drug use in the young adult age group 
were not investigated due to the retrospective design. However, we 
think that the minor accompanying conditions will be less common 
compared to older adults. Third, the time between the patients' contact 
and the onset of symptoms to the CT examination was not obtained. 
However, laboratory examination and radiological evaluation were 
obtained simultaneously. Initial CT examinations of the patients in the 
first week from the onset of symptoms were evaluated, and sequelae or 
involutional changes were not included. Finally, other pneumonia fac-
tors and causes of microvascular thrombosis could not be ruled out due 
to the failure of viral respiratory test panels acceptance during the peak 
period. 

In conclusion, COVID-19 related imaging findings revealed some 
differences among young adults and children. Radiological findings 
were strongly correlated with biochemical parameters but not blood 
count results. 

Table 4 
Descriptive statistics of the laboratory tests evaluated in young adults (19–35 
years of age)  

Laboratory tests Category Frequency (n 
(percentage)) 

Median (IQR) 

Leukocyte x109/L 
Normal 72 (78.3) 6.23 (5.16–7.3) 
Decreased 15 (16.3) 3.5 (3.12–3.65) 
Increased 5 (5.4) 12.79 (11.51–18.84) 

Neutrophil x10 9/ 
L 

Normal 77 (83.7) 3.82 (2.97–4.76) 
Decreased 12 (13) 2.22 (1.44–2.40) 
Increased 3 (3.3) 8.36 (8.22–8.5) 

Lymphocyte x10 
9/L 

Normal 69 (75) 1.78 (1.4–2.21) 
Decreased 23 (25) 0.84 (0.61–1.08) 

Platelets x10 9/L Normal 84 (91.3) 237 (196–296) 
Decreased 7 (7.6) 140 (109–144.75) 

Fibrinogen (mg/ 
dL) 

Normal 48 (57.8) 310.5 
(278.25–332.25) 

Increased 35 (42.2) 423 (385–462) 

D-Dimer (ng/mL) 
Normal 73 (82) 300 (270–375) 
Increased 16 (18) 865 (680–1425) 

CRP (mg/L) Normal 50 (55) 1.47 (0.93–2.69) 
Increased 41 (45) 9.33 (7.32–23.18) 

Troponin (ng/mL) Normal 86 (96.6) 3 (3–3) 
Increased 3 (3.4) 30.61 (21− 130) 

LDH (U/L) 

Normal 68 (80) 176 (159–196.5) 

Decreased 8 (9.4) 
126.5 
(121.75–129.5) 

Increased 9 (10.6) 325 (259.5–354.5) 

Ferritin (ng/mL) 

Normal 65(85.6) 203 (45–363) 
Decreased 11 (12.9) 9.96 (7.53–18.20) 

Increased 9 (10.58) 562 
(286.25–2323.70) 

Procalcitonin 
Normal 77 (97.5) 0.04 (0.02–0.06) 
Increased 2 (2.5) 1.25 (0.55–1.94)  

Table 5 
Spearman's correlation analysis of laboratory tests with radiological findings in young adults (19–35 years of age)   

Fibrinogen D-dimer CRP Ferritin LDH Lymphocyte 

p r p r p r p r p r p r 

Number of involved lobes  0.03  0.3  0.08  0.24  0.003  0.4  0.22  0.17  0.004  0.39  0.17  − 0.18 
CT involvement score  0.12  0.35  0.02  0.31  0.001  0.46  0.18  0.18  0.001  0.43  0.13  − 0.2 
Largest lesion size  0.036  0.3  0.48  0.09  0.002  0.41  0.021  0.32  0.32  0.14  0.54  − 0.08 
Largest lesion size range  0.001  0.44  0.35  0.13  0.001  0.47  0.047  0.27  0.25  0.16  0.68  − 0.05 
Pulmonary involvement score  0.064  0.3  0.004  0.3  0.041  0.21  0.77  0.12  0.002  0.33  0.078  − 0.18 

Bold values indicate statistically significant result. 
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