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INTRODUCTION
There is currently insufficient evidence regarding the development of progressive irreversible pulmonary fibrosis 
characterized by widespread fibrotic involvement on high resolution computed tomography (HRCT), decreased quality 
of life, and increased mortality in patients who have recovered from Coronavirus disease-2019 (COVID-19) pneumonia 
in the long term. Early detection of pulmonary fibrosis, determining which patient groups are experiencing progression, 
and early initiation of treatment are crucial for improving the quality of life of patients in the post-COVID-19 period.

The most common initial tomographic findings are bilateral subpleural ground-glass opacities and consolidation in the 
lower zones when the radiological course of the disease is followed in the acute phase of COVID-19 pneumonia.1 It 

Original Article

Scoring Pulmonary Fibrosis Following COVID-19 Pneumonia 
with Quantitative HRCT: Relationship with Clinical 
Parameters, Mean Platelet Volume and Lymphocyte/
Monocyte Ratio

 Ceren Değirmenci1,  Göksu Şahin Kalkan1,  Hakan Ertürk2,  Pınar Ergün1

1Clinic of Pulmonology, Ankara Atatürk Sanatorium Training and Research Hospital, Ankara, Türkiye
2Clinic of Radiology, Ankara Atatürk Sanatorium Training and Research Hospital, Ankara, Türkiye

Cite this article as: Değirmenci C, Şahin Kalkan G, Ertürk H, Ergün P. Scoring pulmonary fibrosis following COVID-19 pneumonia 
with quantitative HRCT: relationship with clinical parameters, mean platelet volume and lymphocyte/monocyte ratio. Thorac Res 
Pract. [Epub Ahead of Print]

Abstract OBJECTIVE: Our study aims to quantify post-Coronavirus disease-2019 (COVID-19) pneumonia-related pulmonary fibrosis using 
high resolution computed tomography (HRCT) scoring and assess its correlation with clinical parameters, lymphocytes, mean platelet 
volume (MPV), and lymphocyte/monocyte ratio (LMR). Early detection and understanding of fibrosis progression in patient subsets are 
essential for enhancing post-COVID-19 patient outcomes.

MATERIAL AND METHODS: This retrospective, single-center study aims to quantify post-COVID-19 pneumonia pulmonary fibrosis 
using HRCT scoring and explore its associations with clinical parameters, lymphocytes, MPV, and LMR. From March 1, 2020, to 
December 31, 2021, HRCT reports of patients diagnosed with COVID-19 within 14 days of symptom onset were reviewed. Those 
with COVID-19 pneumonia were identified, and subsequent HRCTs performed 2 months or later post-infection were analyzed for 
fibrosis. Data on demographics, hospitalization details, and laboratory findings were collected. Fibrosis scores were determined using 
quantitative HRCT.

RESULTS: A total of 133 patients (60.2% male, mean age 57.3) were included. Of these patients, 50.4% were hospitalized. Quantitative 
HRCT analysis indicated average fibrosis of 2.7% (range: 0.9-28.7%). Lower lymphocyte counts correlated significantly with increased 
fibrosis (P = 0.002). No significant correlations were found between fibrosis development and hospitalization duration, age, or gender. 

CONCLUSION: This study underscores the importance of monitoring lymphocyte counts in COVID-19 patients for early detection of 
pulmonary fibrosis. The findings suggest a need for screening and prompt diagnosis of fibrosis post-COVID-19, particularly in patients 
with lymphopenia. Further research using quantitative HRCT could enhance understanding and management of progressive interstitial 
lung diseases, especially in the context of future pandemics.
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often takes time for the tomographic images to improve in most 
patients. Ground-glass opacities may develop into consolidations 
approximately 4-14 days after the onset of symptoms, and after 
two weeks, the findings gradually disappear.1 However, in 
some patients, even in early tomographies, fibrotic streaks and 
bronchiectasis may be examined.2 There is little research on 
the progression of fibrosis in these patients during subsequent 
follow-ups, as well as on the clinical manifestations it causes 
and the treatments that should be applied. Additionally, there 
are limited studies on the use of quantitative HRCT, an objective 
scoring system, in the evaluation of fibrosis in progressive 
fibrotic interstitial lung diseases, when radiologists compare 
HRCT images for reporting.

It has been demonstrated in several studies that idiopathic 
pulmonary fibrosis (IPF) is associated with thrombotic events. 
In one study, patients with IPF showed higher mean platelet 
volume (MPV) values and lower platelet counts.3 Another 
study in patients with pulmonary fibrosis investigated the role 
of monocyte count and lymphocyte/monocyte ratio (LMR). A 
negative correlation was found between monocyte count and 
forced vital capacity, and in newly diagnosed IPF patients, an 
LMR <4.18 was significantly associated with shorter survival as 
an independent risk factor.4 In another study, a high monocyte 
count in IPF patients was associated with increased IPF 
progression, hospitalization, and mortality risks.5 However, the 
relationship of these parameters with fibrosis developing after 
COVID-19 has not been investigated. 

MPV has also been associated with several diseases, excluding 
pulmonary. MPV has been suggested as an inflammatory marker 
in various inflammatory diseases, includingrheumatoidarthritis,6 
obesity,7 type 2 diabetes mellitus,8 infections.9 

MPV is related to inflammation in the intensive care unit (ICU) 
population; in one study, elevated MPV levels in ICU patients 
should alert clinicians to worse outcomes.10 If we consider 
gastrointestinal diseases, red cell distribution width (RDW) and 
MPV values   were found to be significantly higher in patients 
with hepatosteatosis.11 RDW and MPV have been shown to 
be increased in subjects with irritable bowel syndrome, a 
condition that is associated with low-grade inflammation 
compared to the healthy population.12 On the other hand, a 
MPV/lymphocyte ratio (MPVLR) level greater than 3.41% has 
71% sensitivity and 51% specificity in predicting frailty in 
diabetic patients. MPVLR may be useful in predicting frailty in 
the type 2 diabetes population, study suggests.13

The aim of our study is to score pulmonary fibrosis developing 
after COVID-19 pneumonia using quantitative HRCT and to 
examine its relationship with clinical parameters, MPV, and 
LMR.

MATERIAL AND METHODS
This was a retrospective, single-center study. As our study 
was retrospective, no informed consent was obtained from 
patients. HRCT images taken within the first 14 days of 
patients diagnosed with COVID-19 in the hospital system were 
examined.Those with COVID-19 pneumonia (with or without 
ground-glass opacities, consolidations with or without air 
bronchograms) were identified, and among them, those who 
had HRCTs taken two months or later after COVID-19 infection 
were noted. Additionally, findings of fibrosis (honeycombing, 
traction bronchiectasis, interlobular septal thickening, reticular 
pattern) were recorded from follow-up HRCTs.14

The reason for setting the lower limit at two months is that 
in an immunocompetent individual, if there is less than 50% 
radiological improvement at two weeks despite effective 
treatment of pneumonia, or if there is no complete resolution 
at 4 weeks, delayed or unresolved pneumonia is considered.15 
Therefore, individuals with persistent radiological findings 
associated with COVID-19 on HRCT for at least two months 
were included in the study. Most patients had HRCTs available 
at 6 or 8 months, and those eligible for were included in the 
study.

Determining a clear fibrosis value in IPF is difficult, similar to 
the challenges faced with emphysema.16 Various CT density 
thresholds have been proposed for evaluating the spectrum 
of interstitial lung diseases, including >-700 Hounsfield units 
(HU) and a range between -750 HU and -300 HU for specific 
detection of ground-glass opacities.17,18 Based on studies, an 
optimal range for post-COVID-19 fibrosis has been suggested 
to be between -250 and -500 HU.16,19

In the follow-up of these patients, fibrosis scores were 
determined using quantitative HRCT. Patient age, gender, 
comorbidities, if any, length of hospital stay, duration of ICU, 
platelet count, MPV, and LMR were noted. Data analysis was 
conducted to examine correlations. 

Inclusion criteria;

- Over 18 years of age,

- Patients who were diagnosed with COVID-19 and who were 
diagnosed with COVID-19 pneumonia during the active disease 
period at Ankara Atatürk Sanatorium Training and Research 
Hospital Hospital, who were COVID-19 polymerase chain 
reaction (PCR) positive, who were found to have COVID-19 
pneumonia on HRCT imaging taken within the first 14 days, 
and who had follow-up HRCTs.

Patients excluded from the study; 

- Those with diagnosed interstitial lung disease with fibrosis, 

- Those with interstitial lung disease not associated with 
COVID-19 pneumonia, 

- COVID-19 PCR (-) are those considered to have radiological 
COVID-19 disease.

Ethical approval of the study was obtained from the Ankara 
Atatürk Sanatorium Training and Research Hospital Clinical 

Main Points

• Our study examines the effects of the 
Coronavirus disease-2019 (COVID-19) pandemic.

• It is one of the rare studies that conducts a quantitative 
evaluation of post-COVID-19 fibrosis.

• In our study, the importance of the use of quantitative 
high resolution computed tomography were mentioned.
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Research Ethics Committee (project number: E-53610172-799, 
date: 09.08.2022).

Statistical Analysis

The data were evaluated using the IBM Statistical Package for 
the Social Sciences statistics 25.0. Descriptive statistics were 
provided as unit count (n), percentage (%), mean±standard 
deviation, and median (Q1-Q3) values. Pearson’s chi-square and 
Fisher’s exact test were used to evaluate categorical variables. A 
P value <0.05 was considered statistically significant. Multiple 
linear regression analysis was conducted to consider the effect 
of follow-up lymphocyte percentage and confounders.

RESULTS
Tomography data of patients were accessed within the specified 
dates (Table 1). Due to incomplete data, 65 patients were 
excluded from the study. Data analysis was conducted on a 
total of 133 patients (Figure 1). Of these, 60.2% (n = 80) were 
male, and 39.8% (n = 53) were female. Approximately half of 
the patients were hospitalized (50.4%, n = 67). The mean age 
of the patients was 57.3. The average length of hospital stay 
was 0 (0-65) days for ward admission and 0 (0-45) days for 
ICU admission. The initial lymphocyte count was 1.66 µL (0.2-
4.26), platelet count was 252 µL (37-682), monocyte count 
was 6.75 µL ±2.62, MPV was 9.4 fL ±0.98, and LMR was 3.51 
(0.2-11.67); while the follow-up lymphocyte count was 4.73 
(0.5-19.83), follow-up platelet count was 274.03 µL ±80.66, 
follow-up monocyte count was 6.3 µL (0.8-12.3), MPV was 
9.3 fL (7.4-12.3), and LMR was 4.73 (0.5-19.83). Quantitative 
HRCT analysis revealed an average of 2.7% (minimum: 0.9, 
maximum: 28.7) fibrosis development (Table 1). No significant 
relationship was found among hospitalization duration, age, 
gender, and fibrosis development (Table 2). Additionally, 

no significant relationship was found between MPV and the 
development of fibrosis.

When a more detailed examination was conducted on 
the relationship between laboratory parameters and the 
development of fibrosis, it was found that patients with lower 
lymphocyte counts were more likely to develop pulmonary 
fibrosis. The statistical significance of this finding was quite 
strong (P = 0.002), suggesting a robust association between low 
lymphocyte levels and increased fibrosis (Table 2). However, 
no other laboratory parameter showed a statistically significant 

Figure 1. Selection of the study population

COVID-19: Coronavirus disease-2019, HRCT: high resolution computed 
tomography

Table 1. Laboratory parameters and fibrosis percentages

Variables
Clinical/laboratory/radiological features

Descriptive statistics: n (%)*

Gender, n = 133 (100%)
Male, n = 80 (60.2%)

Female, n = 53 (39.8%)

Quantitative BT score -250 HU 99 (92-99.8)

Quantitative BT score -500 HU 96.3 (63.3-98.6)

Fibrosis % 2.7 (0.9-28.7)

Hospitalization duration (day) 0 (0-65)

Initial values Follow-up values

Lymphocyte (103/µL) 1.66 (0.2-4.26) 2.49±0.99

Lymphocyte % 23.81±9.38 29.95±11.47

Monocytes (103/µL) 0.48 (0.08-7) 0.53 (0.06-2.12)

Monocytes % 6.75±2.62 6.3 (0.8-12.3)

Platelet (103/µL) 252 (37-682) 274.03±80.66

Mean platelet volume (fL) 9.4±0.98 9.3 (7.4-12.3)

Lymphocyte monocytes ratio 3.51 (0.2-11.67) 4.73 (0.5-17.63)

Lymphocyte % monocytes % ratio 3.49 (0.27-23) 4.73 (0.5-19.83)

*Mean±standard deviation is given for normally distributed variables, median (minimum-maximum) is given for non-normally distributed variables.
HU: hounsfield unit, BT: bleeding time
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relationship with fibrosis development. This means that aside 
from lymphocyte counts, other measured values in the lab 
tests did not significantly affect the likelihood of the patients 
studied developing fibrosis. Furthermore, when considering the 
percentage of fibrosis development, no significant relationships 
were found with gender (P = 0.207) or hospitalization duration 
(P = 0.151) (Table 2). This suggests that neither the patient’s 
gender nor the length of their hospital stay significantly 
influenced the extent of fibrosis development.

Box-Cox transformation was applied to the dependent 
variable, fibrosis %, to satisfy linear regression assumptions 
such as normality of residuals. Age, gender, and hospitalization 
duration variables, in addition to the follow-up lymphocyte %, 
were added to the model as confounders. The results of the 
model are provided in Table 3. According to the table, follow-
up lymphocyte percentage still significantly affects fibrosis 
percentage after controlling for confounders (P = 0.004).

DISCUSSION
The effects of the COVID-19 pandemic continue worldwide, 
although the pandemic appears to be over, and we have not yet 
discovered other unknown side effects and long-term systemic 
effects. Pulmonary effects significantly affect human life and 
quality of life, and there is a need for new studies on diseases with 
pathogenesis and treatments that are not yet fully understood, 
such as fibrosisIn our study, we gathered valuable insights 
into the development of pulmonary fibrosis, a condition that 
significantly impacts long-term survival and quality of life. We 
observed that patients with a decrease in lymphocyte count, as 
measured by routine blood tests, experienced a notably higher 
rate of fibrosis progression. This finding has been instrumental 
in allowing us to monitor these patients more closely. When 
found in low numbers, lymphocytes, vital components of the 
immune system, may signal a weakened immune response, 
which could, in turn, accelerate the development of fibrosis. 
Our study highlights a clear link between low lymphocyte 
counts and increased fibrosis progression, underscoring the 
critical role of lymphocytes in understanding and managing 
this condition. These findings underscore the need for further 
research to understand the underlying mechanisms and to 
identify other potential factors that may influence fibrosis 
progression.

Humphries et al.20 conducted a study examining the relationship 
between quantitative HRCT scores, pulmonary function tests, 
and the six-minute walk test in 141 patients diagnosed with IPF. 
It was shown that the measurement of lung fibrosis degree in 
quantitative HRCT is reliable and sensitive. A 3.4% increase in 
fibrosis score leads to a clinically significant decrease in patient 
performance. In our study, an average fibrosis development of 
2.7% was detected, and without a pandemic period, a similar 
correlation could have been observed if these patients had 
undergone serial pulmonary function tests.

In a study on the quantitative HRCT detection of honeycombing 
areas in IPF, the honeycombing area measured by computer-
aided methods showed a correlation with that estimated by 
expert radiologists and with parameters of pulmonary function 
tests. This study demonstrated that quantitative HRCT analysis Ta
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of honeycombing areas may be useful and reliable in patients 
with IPF.21

In another study evaluating mortality in IPF patients using 
quantitative HRCT, correlation with pulmonary function tests 
was examined, and it was emphasized that quantitative scoring 
of HRCT can provide accurate predictions for survival.22 
Mortality data were not examined in our study because 
attributing the cause of death in patients with pulmonary fibrosis 
was not possible, as long-term follow-up was not performed.

In a study investigating the relationship between platelet count 
and MPV with IPF, it was found that MPV was higher in IPF 
patients and associated with both high and low platelet counts. 
This finding suggests that MPV could be used as an initial 
biomarker in IPF patients, but more comprehensive studies 
are needed.3 However, in our study, no relationship was found 
between MPV and platelet count, and fibrosis developing after 
COVID-19.

In a study by Yu et al.23 aimed at predicting the development 
of fibrosis following COVID-19 pneumonia, it was shown 
that fibrosis was more likely to develop in patients with high 
inflammatory markers (interleukin-6) and severe clinical 
conditions. Predictors of pulmonary fibrosis, such as interstitial 
thickening, irregular interfaces, coarse reticular pattern, and 
parenchymal bands, were identified as emerging during the 
disease process. It was indicated that irregular interfaces and 
parenchymal bands could be used to predict the early onset of 
pulmonary fibrosis.

In a recent investigation into the relationship between various 
laboratory parameters and the development of fibrosis, 
researchers focused specifically on lymphocyte counts. 
Fibrosis, which is the excessive accumulation of extracellular 
matrix components leading to tissue scarring, can significantly 
impact organ function and is associated with various chronic 
diseases.24 For example, increased monocyte-to-lymphocyte 
ratio (MLR) levels are reliable markers of disease activity in 
ulcerative colitis and have been linked to active inflammation 
in inflammatory bowel disease.25

Numerous studies have demonstrated that lung cancer can 
develop from pulmonary fibrosis.26-28 Also, a multicenter 
retrospective study of 345 patients with IPF found that those 
receiving antifibrotic therapy had a significantly lower 
incidence and prevalence of lung cancer compared to those 

not receiving treatment.29 Additionally, lung cancer-related 
mortality was significantly lower in patients on antifibrotic 
therapy.29 These findings suggest that antifibrotic therapy may 
be associated with a reduced risk of lung cancer development 
in IPF patients, potentially contributing to improved survival. 

In a study of 113 patients with small cell lung cancer, survival 
was significantly longer in patients with MLR <0.367 than in 
those with MLR ≥0.367.30 The development of fibrosis can also 
lead to malignancy in extrapulmonary organs, and studies have 
explored the role of MLR in predicting this. In particular, in 
gastrointestinal cancers, a high MLR predicts survival in gastric 
cancer and is associated with tumour response to neoadjuvant 
chemoradiotherapy in rectal cancer.31 In hepatocellular 
carcinoma, high MLR is associated with poor outcomes and 
shorter progression intervals.32 In gastrointestinal cancers, the 
majority of studies support that a high MLR indicates a poor 
prognosis, although there are few studies to the contrary.33

The study found that patients with lower lymphocyte counts 
tended to exhibit a greater propensity for fibrosis development. 
Lymphocytes are a crucial component of the immune system, 
playing vital roles in immune response and inflammation 
regulation. Their reduction may indicate an impaired immune 
response, which can facilitate the fibrotic process.

This discovery may have important clinical implications, as it 
highlights the potential role of lymphocyte levels as a biomarker 
for fibrosis risk. Understanding this relationship could lead to 
improved monitoring and therapeutic strategies for patients at 
risk of fibrotic diseases, allowing for earlier intervention and 
potentially better outcomes. Further research is needed to 
explore the underlying mechanisms that connect lymphocyte 
counts with fibrosis development, which may involve complex 
interactions between the immune system and fibrogenic 
pathways.

One of the limitations of the study was the inclusion of a 
small number of patients and its single-center design. Also, 
the patient group included in the study was not homogeneous; 
the number of male and female patients was not equally 
distributed, and baseline comorbidities were not recorded. The 
only people excluded were those with a previous diagnosis of 
interstitial lung disease, which was an important part of our 
study. However, when considering the strengths of the study, 
its importance lies in being the first study in the literature on 
quantitative HRCT and post-COVID-19 pulmonary fibrosis. 

Table 3. Evaluation of the effect of follow-up lymphocyte percentage and confounders using multiple linear regression analysis

 β  SE (β)  Beta  t  P value
95% confidence interval for β

Lower bound Upper bound

(Constant) -0.499 0.467   -1.067 0.288 -1.423 0.426

Age 0.019 0.006 0.244 3.015 0.003 0.006 0.031

Gender -0.163 0.162 -0.080 -1.004 0.317 -0.484 0.158

Hospitalization duration 0.025 0.009 0.226 2.813 0.006 0.007 0.042

Follow-up lymphocyte % -0.021 0.007 -0.235 -2.898 0.004 -0.035 -0.007

F=7.622, P < 0.001, adjusted R2: 0.17.
SE: standard error
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CONCLUSION
In conclusion, the assessment of IPF using HRCT requires 
considerable expertise, and there may be differences in 
interpretation even between experienced radiologists. 
Screening and early detection of pulmonary fibrosis will 
allow early initiation of treatment, and slowing fibrosis can 
improve patients’ quality of life. Considering the possibility of 
new outbreaks unrelated to COVID-19, the importance of the 
widespread use of quantitative HRCT, paired with an objective 
scoring system for the assessment of fibrosis in progressive 
fibrotic interstitial lung disease, is emphasised. We believe that 
our study is valuable in this regard and provides important data 
for future research.
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