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Background

Coronavirus disease 2019 (COVID-19) pandemic has caused substantial threats to people’s physical health and lives, claiming the lives of over 6 million people worldwide. Although the mortality rate of COVID-19 is very low, many survivors may have different degrees and various sequelae. Previous studies have shown that pulmonary fibrosis (PF) were common on discharged COVID-19 patients, and PF itself is a poor prognostic factor.



Methods

227 COVID-19 hospitalized patients’ clinical and laboratory data from the first 15 days following admission were collected in this retrospective study. Groups were based on with or without PF of COVID-19. Categorical variables were compared with the chi-square test or Fisher’s exact test. Continuous variables were tested by Wilcoxon rank-sum test for the non-normal distribution. Spearman correlations were used to assess the correlations between PF with clinic parameters of multiple time points. Univariate and multivariate logistic regression were used to analyze for risk factors of COVID-19 patients with pulmonary fibrosis.



Results

Sixty cases of COVID-19 patients were diagnosed with PF. Compared with 167 non-PF patients, those with PF were older and had higher proportions of fever, shortness of breath, hemoptysis, abdominal pain, hypertension, cardiovascular, diabetes, high flow nasal cannula (HFNC), severe disease, and virus shedding duration. Furthermore, the correlation analysis between PF and clinic parameters showed that PF were positively related to the C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR), and negatively correlated with hemoglobin (HGB) and albumin (ALB) at all time points in the first 15 days after admission. Moreover, We found that PF were significantly correlated with coagulation indexes prothrombin time (PT), activated partial thromboplastin time (APTT), fibrinogen (Fib) and fibrinolysis index D-Dimer at some phases. In addition, Univariate logistic regression analyses showed that age, fever, shortness of breath, hemoptysis, hypertension, cardiovascular, diabetes, HFNC, severe disease were the risk factors of COVID-19 patients with PF. However, multivariate logistic regression showed that age was the risk factor of COVID-19 patients with PF.



Conclusion

Combining various factors, advanced age is an independent risk factor of COVID-19 patients with PF. PF was significantly related with clinic parameter of inflammation/coagulopathy/fibrinolysis.
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1 Introduction

Globally, the emergence of COVID-19 presents substantial healthcare, societal, and economic issues. Despite the fact that the majority of patients survived from severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, it is usual for survivors to suffer a variety of complications after recovery (Ruggiero et al., 2022). Some survivors get pulmonary fibrosis (PF). PF is a pathological consequence of interstitial lung diseases that is marked by failure to repair the damaged alveolar epithelium, persistence of fibroblasts and excessive deposition of extracellular matrix (Umemura et al., 2021). Moreover, PF is not rare, following a severe COVID-19 infection, especially in mechanically ventilated patients (Sun et al., 2020; McGroder et al., 2021). PF is thought to be one of the most serious complications in patients recovered from COVID-19.

Previous studies suggested that most post-discharge COVID-19 patients have PF sequelae (Sun et al., 2020; Li et al., 2021). COVID-19 patients with pre-existing idiopathic pulmonary fibrosis (IPF) have been thought to have worse outcomes (Naqvi et al., 2021). IPF as a type of PF, is demonstrated to be associated with poor prognosis in non-COVID-19 patients (Lederer and Martinez, 2018). In addition to IPF, pneumonia, particularly severe pneumonia, is another significant cause of PF. SARS-CoV-2 infection can result in cytokine storm, which further causes ARDS, multiple organ dysfunction and even death. However, population based study from the United States suggested that the incidence of post-inflammatory fibrosis is 11 times higher than that of IPF (Raghu et al., 2006), and PF is a well-recognized sequela of ARDS (Villar et al., 2019). SARS-CoV-2, a respiratory virus, as its name indicates, the lungs are the primary site of infection and injury, and lead to pneumonia. Meanwhile, there is no clearly proven drugs against PF, which reduces the quality of life of patients and complicates the condition of COVID-19 and non-COVID-19 patients (Ojo et al., 2020). Therefore, finding prospective factors that can predict COVID-19 associated PF is extremely crucial for a better prognosis.

The lung is the main target of SARS-CoV-2, resulting in adverse respiratory function consequences. Such as lung inflammatory response induced by viral infection and bacterial infection after secondary viral infection, as well as endothelial dysfunction and microvascular injury. These can contribute to persistent lung damage, including the recovery period after discharge, and may eventually lead to PF (John et al., 2021). The pathogenesis of PF in COVID-19 have been discussed in several studies (John et al., 2021; Susanto et al., 2021; Xiang et al., 2022) and alveolar epithelial cell injury during lung infection with SARS-CoV-2 are reported to be the major cause for the occurrence of PF since they lead to infiltration of fibroblasts and inflammatory cells, resulting in the release of pro-fibrotic factors (Martinez et al., 2017). Meanwhile, 83% of type II alveolar cells express angiotensin-converting enzyme 2 (ACE2), which is the primary receptor for SARS-CoV-2 and may partly explain alveolar epithelial cell injury (Umemura et al., 2021; Bui et al., 2021). Furthermore, the use of mechanical ventilation in COVID-19 patients might exacerbate alveolar cell damage. Following alveolar cell injury, transforming growth factor beta (TGF-β) releases to aid in lung healing. PF is frequently brought on by the excessive activation of the TGF-β pathway when suffered from viral infection (Umemura et al., 2021). However, clinical risk factors associated with PF after COVID-19 infection remain not very clear. Our study’s primary objective was to better understand the risk factors for developing PF following COVID-19 infection.

In this retrospective investigation of COVID-19 patients, the clinical, and laboratory data of 227 enrolled patients were evaluated.



2 Methods


2.1 Design and participants

This retrospective study enrolled 227 confirmed COVID-19 patients, who hospitalized in the Public Health Treatment Center, Changsha, China, as of March 26th, 2020 and had chest computed tomography (CT) within 1 year after discharge [29 (24, 31) days] (Table 1). The patients accompanied with a history of PF were excluded. The patients did not receive any post-discharge anti-inflammatory treatment for pro-fibrotic during follow-up. COVID-19 cases were classified into two groups depending on chest CT within 1 year after discharge. Based on the CT scoring system for fibrosis, the patients with the scoring reach 1 were classified as the PF group as reported in the previous study: 1) No fibrosis, score 0; 2) Interlobular septal thickening, no discrete honeycombing, score 1; 3) Honeycombing (with or without septal thickening) involving <25% of the lobe, score 2; 4) Honeycombing involving 25-49% of the lobe, score 3; 5) Honeycombing involving 50-75% of the lobe, score 4; 6) Honeycombing involving >75% of the lobe, score 5 (Yamaguchi et al., 2018). We categorized the study period into five separate phases to better describe, with three days for each phase, based on the surrounding days when there were no statistically significant variations in the laboratory results: T0 to T4. This study was subjected to the approval by the institutional ethics board of the Second Xiangya hospital.


Table 1 | Baseline characteristics of patients with or without pulmonary fibrosis.





2.2 Data collection

The data were retrospectively collected from electronic medical records. The following data were collected: demographic, symptoms, underlying diseases, outcomes, laboratory parameters within first 15 days after admission, and chest CT within 1 year after discharge.



2.3 Statistical analysis

In this study, we used median with IQR and frequencies to describe continuous and categorical variables, respectively. The differences between PF and non-PF groups were compared using Wilcoxon rank-sum test for the non-normal distribution for continuous variables and Fisher’s exact test or chi-square test for categorical variables. Logistic regression analyses were used to determine the association between variables and PF. Spearman correlations were used to assess the correlations between PF scores with clinic parameters of multiple time points. All above analyses were performed using SPSS 26.0 and R language.




3 Results

This study included in 227 confirmed COVID-19 patients, among which 60 cases were diagnosed as PF of which 59 cases were 1 point. Fever [52 (86.67%)], cough [49 (81.67%)], shortness of breath [34 (56.67%)], fatigue [31 (51.67%)] and expectoration [29 (48.33%)] were the most common symptoms in COVID-19 patients with PF. Patients of PF group were significantly older than non-PF patients [64 (47, 67) vs 40 (30.5, 51.5), P < 0.001]. What’s more, PF patients were more likely to have experienced shortness of breath, fever, hemoptysis and abdominal pain than control patients symptoms [34 (56.67%) vs 40 (23.95%), P < 0.001; 52 (86.67%) vs 114 (58.26%), P = 0.006; 4 (6.67%) vs 1 (0.6%), P = 0.018; 4 (6.67%) vs 28 (16.77%), P = 0.038]. Regarding concomitant diseases, PF patients have greater percentages of hypertension, cardiovascular disease and diabetes when compared to patients in the non-PF group (31.67% vs 9.58%, P < 0.001; 10% vs 1.2%, P = 0.005 and 16.67% vs 2.3%, P < 0.001). In addition, PF patients were more likely to use glucocorticoid (56.67% vs 20.96%, P < 0.001), and immunoglobulin (55.00% vs 19.16%, P < 0.001). The most striking result to emerge from the table is that PF group had higher proportions of severe disease (35% vs 10.78%, P < 0.001) and high flow nasal cannula (HFNC) (15% vs 1.2%, P < 0.001), and a longer virus shedding duration [20 (15, 29) vs 17 (13, 24) days, P = 0.042] (Table 1).

Our data also demonstrated the dynamic process during the study period, and it indicated the differences in critical laboratory parameters between the PF and non-PF groups. The inflammatory biomarkers in PF patients were significantly higher than that of non-PF group. There was an increase in the white blood cell (WBC) count from T0 to T4. Procalcitonin (PCT) at T0 was the highest, while lymphocytes (Lys) at T1 was the lowest. Erythrocyte sedimentation rate (ESR) had an increasing tendency from T0 to T3, and C-reactive protein (CRP) decreased from T0 to T4 while T1 had an increasing tendency. In terms of coagulation parameters, D-dimer had an increasing tendency from T0 to T4, while T2 was significantly decreased and platelet count increased from T0 to T3. Prothrombin time (PT) and activated partial thromboplastin time (APTT) decreased from T0 to T3. Fibrin degradation product (FDP) decreased throughout all time points (Table 2). Compared with the non-PF group, PF patients had a significantly higher levels of CRP and ESR, whereas hemoglobin (HGB) (from T0 to T4), Lys (from T0 to T3) and APTT (T2, T3) were obviously lower in PF patients than those of non-PF patients. PCT (T0), PT (T2), FDP (T0) and D-Dimer (from T1 to T4) were significantly higher in PF patients. With regard to the liver function parameters, the levels of alanine aminotranspherase (ALT) (T1) and aspartate aminotransferase (AST) (from T0 to T2), total bilirubin (TBil) (T2) were obviously higher in patients with PF, while the albumin (ALB) were significantly lower during the study period. Considering kidney function, serum urea nitrogen (BUN) was significantly higher in PF patients at T1 (Table 2).


Table 2 | Laboratory findings of patients with or without pulmonary fibrosis at different time points after admission.



To further understand the development and relevant risk factors of PF in patients with COVID-19, we then analyzed the association between PF and clinic indicators. As shown in Figure 1, HGB, CRP, ESR and ALB were significantly associated with PF score across all time points, with CRP and ESR positively, while HGB and ALB negatively. Lys from T0 to T3, and APTT (T2&T3) were significantly negatively related with PF score. PCT at T0, PT at T2, fibrinogen (Fib) at T0, D-dimer at T1 to T4, ALT at T1, AST at T0 to T2, TBil at T2 and BUN at T1 were significantly positively associated with PF score (Figure 1).




Figure 1 | The correlation analysis between pulmonary fibrosis (PF) score and clinic parameters at different time points with first 15 days after admission. (A–E) Digits represents Pearson correlation coefficients, filled color indicates significant correlation, blue represents positive correlation, red represents negative correlation, and shade of color represents strength of correlation. A for T0, B for T1, C for T2, D for T3, E for T4. (F) The correlation indexes for parameters which significantly associated with PF at all time points. WBC, white blood cell; HGB, hemoglobin; Plt, platelet; Lys, lymphocytes; CRP, C-reactive protein; PCT, procalcitonin; ESR, erythrocyte sedimentation rate; PT, prothrombin time; APTT, activated partial thromboplastin time; Fib, fibrinogen; ALT, alanine aminotranspherase; AST, aspartate aminotransferase; TBil, total bilirubin; Alb, albumin; Cr, serum creatinine; BUN, urea nitrogen. *p < 0.05, **p < 0.01, ***p < 0.001.



In addition, we used univariate and multivariate logistic regression analyses for risk factors of PF in patients with COVID-19. As illustrated, age [OR = 1.092 (1.064, 1.121), P < 0.001], fever [OR = 3.022 (1.341, 6.810), P = 0.008], shortness of breath [OR = 4.152 (2.229, 7.734), P = 0.008], hemoptysis [OR = 11.857 (1.298, 108.318), P = 0.028], hypertension [OR = 4.373 (2.067, 9.252), P < 0.001], cardiovascular [OR = 9.167 (1.797, 46.764), P = 0.008], diabetes [OR = 6.480 (2.116, 19.848), P = 0.001], Glucocorticoid [OR = 4.759 (2.535, 8.934), P < 0.001], Immunoglobulin [OR = 4.963 (2.629, 9.369), P < 0.001], HFNC [OR = 14.559 (3.047, 69.562), P = 0.001], severe disease [OR = 4.457 (2.166, 9.171), P < 0.001], HGB [OR = 0.975 (0.955, 0.995), P = 0.013], CRP [OR = 1.050 (1.033, 1.068), P < 0.001], ESR [OR = 1.024 (1.013, 1.036), P < 0.001] and ALB [OR = 0.801 (0.734, 0.874), P < 0.001] are all risk factors for PF in univariate regression analyses. Age was an independent risk factor for PF when the above factors were combined, and multivariate regression analysis was used [OR = 1.047 (1.010, 1.085), P = 0.012] (Table 3).


Table 3 | Univariate and multivariate logistic regression analyses for risk factors at baseline of COVID-19 patients with pulmonary fibrosis.





4 Discussion

This study indicated that age is an independent risk factor for PF. Likewise, our study demonstrated a potential association between PF and several significant indicators of inflammation, coagulopathy and organ function, which is probably relevant for the development, prognosis and sequelae of COVID-19.

We contrasted the PF group’s demographic characteristics, clinical symptoms, laboratory results, and comorbidities with those of the non-PF group. One of the findings is that PF was more likely to appear in the older patients. COVID-19 patients in particular were more likely to have PF together with hypertension, cardiovascular disease, or diabetes. The most common underlying diseases were hypertension, cardiovascular disease, and diabetes. The most frequent symptoms were cough and fever, according to prior investigations (Martinez et al., 2017; Zhou et al., 2020; Li et al., 2021).

In this study, age, fever, hemoptysis, shortness of breath, hypertension, cardiovascular, diabetes, glucocorticoid, immunoglobulin, HFNC, disease severity, HGB, CRP, ESR and ALB were risk factors for PF, which was in according with previous studies. It is worth mentioning that, combined with multiple clinical indicators, age is an independent risk factor for PF. One study included in 289 patients with COVID-19 indicated a significant association between COVID-19 severity and susceptibility of PF. PF was more likely to occur in patients with advanced age, fever, severe/critical disease, pre-existing disease and a longer virus shedding duration (Li et al., 2021). Another retrospective cohort study included in 191 COVID-19 patients also indicated older age was a risk factor for death (Zhou et al., 2020). Meanwhile, a study that used an observational cohort study also showed that the fibrotic patients were older compared to non-fibrotic patients. In keeping with our findings, the study also demonstrated that the progression of post COVID-19 PF is significantly influenced by comorbidities such diabetes, hypertension, and cardiovascular disease (Huang et al., 2021). Another study pointed out that PF was related with advanced age, and it was more prevalent in the persistent and chronic phases of COVID-19, while it may be not evident in the early stage, due to the time required for extracellular matrix deposition (Dsouza et al., 2022). In contrast, a recent study has also shown that the increased incidence of COVID-19 sequelae is age-independent (Daugherty et al., 2021). Moreover, it was reported that the major risk factors for severe COVID-19 are shared with PF (George et al., 2020). Comparable to what was said in a previous research, COVID-19 patients with pre-existing PF have been thought to have worse outcomes (Naqvi et al., 2021), which also proved by an international multicenter study (Drake et al., 2020). Most recently, a study reported that chronic COVID-19 patients who received anti-fibrotic therapy obtained a better response in pulmonary function (Kerget et al., 2022). What we do know is that PF is a risk factor for illness severity in a variety of acute and chronic disorders. Meanwhile, COVID-19 patients are prone to have PF sequelae, to find risk factors for PF is particularly important in patients with COVID-19.

Although the relationships between demographic characteristics, clinic symptoms, laboratory findings and comorbidities with PF have been discussed, the mechanism of PF is unclear. Together with previous studies, we surmise the causes to be as follows. The first is the inflammation response. Plenty of studies have showed PF associated with inflammation (Ojo et al., 2020; Zhang et al., 2020; Wendisch et al., 2021). COVID-19 was thought to result in severe inflammation, even inflammatory storm. Consistent with previous researches (Ojo et al., 2020; Li et al., 2021; Hasegawa et al., 2021), in this study, inflammation parameters altered at the early stage after admission, with CRP, ESR, and PCT significantly elevated, as well as Lys significantly decreased. In addition, we discovered that the inflammatory reactions appeared to be more potent in COVID-19 patients with PF that that without PF, making the modifications even more pronounced. What is more, our study found that CRP and ESR were positively correlated with PF from T0 to T4. Secondly, the development of PF may be connected with coagulation/fibrinolysis pathway. The data showed that not only D-dimer, PT, Fib positively correlated with PF ≥ one time point, but also APTT was inversely related. At the same time, the D-dimer demonstrated a significant increasing trend, particularly in COVID-19 with PF.

Additionally, there were other interesting results. We found a significantly negative association of PF with ALB in COVID-19 patients. ALB was significantly related to the outcomes of patients with COVID-19 and depended on many factors (Acharya et al., 2021; Sanson et al., 2022).The deceased levels of ALB may be explained by the persistent inflammatory response, making the production decreased and consumption increased. In addition, our study also found that HGB was negatively correlated with PF, with a distinct decline of the HGB in the COVID-19 patients with PF, this is in line with previous studies, which indicated a lower HGB level at hospital presentation could be a potential predictor for COVID-19 severity (Zhang et al., 2020; Algassim et al., 2021).

We are conscious of the potential limits of our research. On the one hand, in comparison to prospective and interventional research, the time of CT after discharge were different, this study’s retrospective methodology yields less conclusive results. On the other hand, we evaluated pulmonary fibrosis only by CT findings, it would have been much more efficient if we had a diffusion pulmonary function test for the effect of fibrosis (Kerget et al., 2022). In addition, our study does not go into much depth about the risk factors for PF in patients with COVID-19. PF as a sequela of COVID-19 requires long-term follow-up, while our study only analyzed data from a relatively early period, 15 days from admission. Lastly, we only included data from one single center, the results may be more accurate if there is a multicenter study. It has to be illustrated in depth to better identify the risk of PF and intervene in the process of PF, which will need a lot more work.

In conclusion, our study compared clinical data between COVID-19 patients with or without PF and summarized the risk factors for PF. Combining various factors, age was an independent risk factor for PF in patients with COVID-19 and PF was significantly related with clinic parameter of inflammation, coagulopathy and fibrinolysis. Our study showed that PF was positively associated with CRP and ESR, and negatively related to HGB and ALB. Despite certain restrictions, we may draw the conclusion that PF is strongly associated with inflammation/coagulopathy/fibrinolysis. To show specifics of the problem, a lot more effort will be required.



Data availability statement

The datasets presented in this article are not readily available. Please contact with the corresponding authors. Requests to access the datasets should be directed to YZ, zhongyanjun@csu.edu.cn.



Ethics statement

The study was approved by the institutional ethics board of the Second Xiangya Hospital of Central South University (No. 2020001). Written informed consent from the participants’ legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements. Written informed consent was not obtained from the individual(s), nor the minor(s)’ legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.



Author contributions

FL, FLL, and YZ were involved in study design, interpreting data, statistical analysis, and writing of the manuscript. JD, YS, CW, BY, GW, and JL were involved in collecting data. All authors contributed to the article and approved the submitted version.



Funding

The authors declare that there was no funding for this study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

 Acharya, R., Poudel, D., Bowers, R., Patel, A., Schultz, E., Bourgeois, M., et al. (2021). Low serum albumin predicts severe outcomes in COVID-19 infection: A single-center retrospective case-control study. J. Clin. Med. Res. 13 (5), 258–267. doi: 10.14740/jocmr4507

 Algassim, A. A., Elghazaly, A. A., Alnahdi, A. S., Mohammed-Rahim, O. M., Alanazi, A. G., Aldhuwayhi, N. A., et al. (2021). Prognostic significance of hemoglobin level and autoimmune hemolytic anemia in SARS-CoV-2 infection. Ann. Hematol. 100 (1), 37–43. doi: 10.1007/s00277-020-04256-3

 Bui, L. T., Winters, N. I., Chung, M. I., Joseph, C., Gutierrez, A. J., Habermann, A. C., et al. (2021). Chronic lung diseases are associated with gene expression programs favoring SARS-CoV-2 entry and severity. Nat. Commun. 12 (1), 4314. doi: 10.1038/s41467-021-24467-0

 Daugherty, S. E., Guo, Y., Heath, K., Dasmarinas, M. C., Jubilo, K. G., Samranvedhya, J., et al. (2021). Risk of clinical sequelae after the acute phase of SARS-CoV-2 infection: retrospective cohort study. BMJ 373, n1098. doi: 10.1136/bmj.n1098

 Drake, T. M., Docherty, A. B., Harrison, E. M., Quint, J. K., Adamali, H., Agnew, S., et al. (2020). Outcome of hospitalization for COVID-19 in patients with interstitial lung disease. an international multicenter study. Am. J. Respir. Crit. Care Med. 202 (12), 1656–1665. doi: 10.1164/rccm.202007-2794OC

 Dsouza, B., Capaccione, K. M., Soleiman, A., Leb, J., and Salvatore, M. (2022). COVID-19 on chest CT: Translating known microscopic findings to imaging observations. Life (Basel) 12 (6), 855. doi: 10.3390/life12060855

 George, P. M., Wells, A. U., and Jenkins, R. G. (2020). Pulmonary fibrosis and COVID-19: the potential role for antifibrotic therapy. Lancet Respir. Med. 8 (8), 807–815. doi: 10.1016/S2213-2600(20)30225-3

 Hasegawa, T., Nakagawa, A., Suzuki, K., Yamashita, K., Yamashita, S., Iwanaga, N., et al. (2021). Type 1 inflammatory endotype relates to low compliance, lung fibrosis, and severe complications in COVID-19. Cytokine 148, 155618. doi: 10.1016/j.cyto.2021.155618

 Huang, W., Wu, Q., Chen, Z., Xiong, Z., Wang, K., Tian, J., et al. (2021). The potential indicators for pulmonary fibrosis in survivors of severe COVID-19. J. Infect. 82 (2), e5–e7. doi: 10.1016/j.jinf.2020.09.027

 John, A. E., Joseph, C., Jenkins, G., and Tatler, A. L. (2021). COVID-19 and pulmonary fibrosis: A potential role for lung epithelial cells and fibroblasts. Immunol. Rev. 302 (1), 228–240. doi: 10.1111/imr.12977

 Kerget, B., Cil, G., Araz, O., Alper, F., and Akgun, M. (2022). When and how important is anti-fibrotic therapy in the post-COVID-19 period? Bratisl Lek Listy 123 (9), 653–6958. doi: 10.4149/BLL_2022_105

 Lederer, D. J., and Martinez, F. J. (2018). Idiopathic pulmonary fibrosis. N Engl. J. Med. 378 (19), 1811–1823. doi: 10.1056/NEJMra1705751

 Li, X., Shen, C., Wang, L., Majumder, S., Zhang, D., Deen, M. J., et al. (2021). Pulmonary fibrosis and its related factors in discharged patients with new corona virus pneumonia: a cohort study. Respir. Res. 22 (1), 203. doi: 10.1186/s12931-021-01798-6

 Martinez, F. J., Collard, H. R., Pardo, A., Raghu, G., Richeldi, L., Selman, M., et al. (2017). Idiopathic pulmonary fibrosis. Nat. Rev. Dis. Primers 3, 17074. doi: 10.1038/nrdp.2017.74

 McGroder, C. F., Zhang, D., Choudhury, M. A., Salvatore, M. M., D'Souza, B. M., Hoffman, E. A., et al. (2021). Pulmonary fibrosis 4 months after COVID-19 is associated with severity of illness and blood leucocyte telomere length. Thorax 76 (12), 1242–1245. doi: 10.1136/thoraxjnl-2021-217031

 Naqvi, S. F., Lakhani, D. A., Sohail, A. H., Maurer, J., Sofka, S., Sarwari, A., et al. (2021). Patients with idiopathic pulmonary fibrosis have poor clinical outcomes with COVID-19 disease: a propensity matched multicentre research network analysis. BMJ Open Respir. Res. 8 (1), e000969. doi: 10.1136/bmjresp-2021-000969

 Ojo, A. S., Balogun, S. A., Williams, O. T., and Ojo, O. S. (2020). Pulmonary fibrosis in COVID-19 survivors: Predictive factors and risk reduction strategies. Pulm Med. 2020, 6175964. doi: 10.1155/2020/6175964

 Raghu, G., Weycker, D., Edelsberg, J., Bradford, W. Z., and Oster, G. (2006). Incidence and prevalence of idiopathic pulmonary fibrosis. Am. J. Respir. Crit. Care Med. 174 (7), 810–816. doi: 10.1164/rccm.200602-163OC

 Ruggiero, V., Aquino, R. P., Del Gaudio, P., Campiglia, P., and Russo, P. (2022). Post-COVID syndrome: The research progress in the treatment of pulmonary sequelae after COVID-19 infection. Pharmaceutics 14 (6), 1135. doi: 10.3390/pharmaceutics14061135

 Sanson, G., De Nicolo, A., Zerbato, V., Segat, L., Koncan, R., Di Bella, S., et al. (2022). A combined role for low vitamin d and low albumin circulating levels as strong predictors of worse outcome in COVID-19 patients. Ir J. Med. Sci. 19, 1–8. doi: 10.1007/s11845-022-02952-9

 Sun, P., Qie, S., Liu, Z., Ren, J., Li, K., and Xi, J. (2020). Clinical characteristics of hospitalized patients with SARS-CoV-2 infection: A single arm meta-analysis. J. Med. Virol. 92 (6), 612–617. doi: 10.1002/jmv.25735

 Susanto, A. D., Triyoga, P. A., Isbaniah, F., Fairuz, A., Cendikiawan, H., Zaron, F., et al. (2021). Lung fibrosis sequelae after recovery from COVID-19 infection. J. Infect. Dev. Ctries 15 (3), 360–365. doi: 10.3855/jidc.13686

 Umemura, Y., Mitsuyama, Y., Minami, K., Nishida, T., Watanabe, A., Okada, N., et al. (2021). Efficacy and safety of nintedanib for pulmonary fibrosis in severe pneumonia induced by COVID-19: An interventional study. Int. J. Infect. Dis. 108, 454–460. doi: 10.1016/j.ijid.2021.05.055

 Villar, J., Zhang, H., and Slutsky, A. S. (2019). Lung repair and regeneration in ARDS: Role of PECAM1 and wnt signaling. Chest 155 (3), 587–594. doi: 10.1016/j.chest.2018.10.022

 Wendisch, D., Dietrich, O., Mari, T., von Stillfried, S., Ibarra, I. L., Mittermaier, M., et al. (2021). SARS-CoV-2 infection triggers profibrotic macrophage responses and lung fibrosis. Cell 184 (26), 6243–6261.e27. doi: 10.1016/j.cell.2021.11.033

 Xiang, M., Jing, H., Wang, C., Novakovic, V. A., and Shi, J. (2022). Persistent lung injury and prothrombotic state in long COVID. Front. Immunol. 13. doi: 10.3389/fimmu.2022.862522

 Yamaguchi, T., Shimizu, J., Hasegawa, T., Horio, Y., Inaba, Y., Yatabe, Y., et al. (2018). Pre-existing pulmonary fibrosis is a risk factor for anti-PD-1-related pneumonitis in patients with non-small cell lung cancer: A retrospective analysis. Lung Cancer 125, 212–217. doi: 10.1016/j.lungcan.2018.10.001

 Zhang, H., Wang, C. Y., Zhou, P., Yue, H., and Du, R. (2020). Histopathologic changes and SARS-CoV-2 immunostaining in the lung of a patient with COVID-19. Ann. Intern. Med. 173 (4), 324. doi: 10.7326/L20-0895

 Zhang, W., Zhang, Z., Ye, Y., Luo, Y., Pan, S., Qi, H., et al. (2020). Lymphocyte percentage and hemoglobin as a joint parameter for the prediction of severe and nonsevere COVID-19: a preliminary study. Ann. Transl. Med. 8 (19), 1231. doi: 10.21037/atm-20-6001

 Zhou, F., Yu, T., Du, R., Fan, G., Liu, Y., Liu, Z., et al. (2020). Clinical course and risk factors for mortality of adult inpatients with COVID-19 in wuhan, China: A retrospective cohort study. Lancet 395 (10229), 1054–1062. doi: 10.1016/S0140-6736(20)30566-3


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Li, Deng, Song, Wu, Yu, Wang, Li, Zhong and Liang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Pulmonary fibrosis in patients with COVID-19: A retrospective study

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Design and participants

          



          		

            2.2 Data collection

          



          		

            2.3 Statistical analysis

          



        



        



        		

          3 Results

        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fcimb.2022.1013526_cover.jpg
, frontiers ‘ Frontiers in Cellular and Infection Microbiology

Pulmonary fibrosis in patients
with COVID-19: A
retrospective study





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
To (D0-D2) T1(D3-D5) T2 (D6-D8) T3 (D9-D11) T4 (D12-D14)
PF Non-PF PF Non-PF PF Non-PF PF Non-PF PF Non-PF
Median Median Median Median Median Median =~ Median =~ Median = Median = Median
(IQR) (IQR) (IQR) (IQR) (IQR) (IQR) (IQR) (IQR) (IQR) (IQR)
- 452 (3.35, 465 (3.50, 5.6 (4.05, 52 (4.03, 639 (485, | 565 (446,  68(543, | 616 (511,  692(6.19, = 6.62 (535,
5.62) 5.87) 8.00) 6.99) 8.50) 7.41) 9.05) 8.40) 9.20) 8.90)
HeR 125 (116, 131 (121, 124 (113, 133.5 (121, 122 (112, 131.25 118 (109, 130 (114, 118 (107.5, 130 (117,
136)* 143) 131.5)** 145) 131.5)* (119, 144) 125)%** 140) 130)** 140.25)
ET 162 (131, 173 (139, 215 (138, 2065 (151, 249 (181.25, (1272885 280.75 (208, é‘;lz'i (2216;‘755 249 (191,
202) 232) 274.5) 262) 309.5) = 314.25) ‘e 52 308)
291) 302) 338)

i 090 (0.63, 129 (095, | 08096 (062, = 133 (098, = 087 (058, | 134(099, = 128(0.71, | 147 (L1, = 128(1.02, = 154 (120,
¥ L2y 1.84) 1.26)* 1.75) 147)* 1.77) 1.63)* 1.86) 1.89) 1.87)
RS 3276 (1639, | 886 (290, | 342 (1587, 10 (4, 118 (62, 662 (28, 695(3.23, 35 (17, 52 (25, 2.92 (115,

54.67)* 21.45) 4571 21.75) 46.19)" 12.23) 13.66)* 7.6) 1167)* 7.65)
004 (0,0.08) | 0.00 (0.00, | 0.00 (0.00, 0.00 (0.00, 00,
PCT 0 (0,0.012 , 0.04, ), 0, 0 (0, 0 (0,
< 0.04) 0.07) 0.04) ©.0012) (00009 0.0 0.031) ©0 ©.0
28(1625, | 755(48,98) 43 (2625 80 (63.25, 515 (29, 81 (53, 95) 72 (36.25, 403
ESR 58 (41, 79) 57.50) 66.75) 101.75)** 79.25) - 56.(29,78) 91)* (éfz)s d
oF 121 (11.2, 118 (111, | 1153 (1083, 114 (108, 111 (106, | 108 (104,  10.8(104, | 107 (102, 1085 (103, 108 (105,
12.68) 12.38) 12.28) 12) 12.05)* 11.2) 115) 11.2) 11.7) 114)
31.95
aprr | S21(2945 1 3265308, | 3153 (2783, (3028 299 (2715, | 317(298,  29.1(257, | 309 (284, = 2975(252, = 31 (288,
34.2) 35.4) 33.95) it 32.5)* 34.1) 31.38) 34) 34.3) 34)
34.35)
5P 397 (344, 341 (273, 3.86 (3.62, 362 (3, 374 (290, | 3.52(293,  3.55(282, | 3.17(273, 329 (264, = 294 (249,
4.68)** 3.97) 4.5) 45) 4.08) 4.08) 3.81) 3.62) 3.58) 3.36)
D- 026 (0.14, 025(0.13, | 035 (0.14, 021 (009, 027(017, | 0.8(0.10, 040 (0.14, = 015(0.08,  055(0.19,  0.18 (0.10,
dimer 0.77) 0.49) 0.64)** 0.39) 1.37)* 0.36) 1.20)* 0.47) 2.99) 053)
1991 (158 185 2035 (1576, | 17.8 (1344,  24.05 (17.13 19.3 (15 26.4 (177, 472 343 (19.15 265
ALT ‘ " (13.60, . i i 2 ’ o e e (1575, ek (17.55,
29.13) S 28.95) 24.7) 37.05) 35.2) 48.3) o5 50.7) 533)
ST 269 (22.52, é; 'Zﬁ 2595(2039, | 214 (17.1,  25.36 (1895, (2127'05 g;":z 23 (174, 262 (198, (12;' ‘325
38.84)*+ = 32.06)** 27.8) 37.35) 2 o 30.65) 39.43) =
28.54) 29.2) 324) 32.98)
T 1191 (9.09, | 1061 (824, = 1405 (873, 137 (97, 114 (8.08, (71'1875 103 (7.7, 9 (675, 9.7 (7.25, 9.5 (7.48,
16.32) 15.32) 21.3) 20.11) 14.61)* ‘13) > 127) 12.55) 14.44) 12.65)
39.12 40.9
i 35615 (33.87, 627, 3427 (3133, | 388(363, 3385 (3113, | 39(35.97,  34.6(30.7, 397 (366, 365 (3145, 3675
38.48) 12.09) 38.6) 41.7) 37.9) 41.8) 37.7) 42.65) 39.9) )
50.05 (40.75, 1.1 549 (43.1, 2226 51.15 (4158, 232 53 (454, 56.8 (46.6, = 54.8 (4491, 236
g 62.59) (4032, 61.23) (43,08, 64.95) @22s, 62.6) 72.05) 66.18) szs,
i 63.84) : 70.53) ’ 68.6) ! . ' 69.15)
B 4.65 (3.18, 430 (341, | 542377, 45 (376, 575 (37, 48 (398, 603 (435 | 509(428, = 596 (4.74, 52 (45,
6.73) 4.89) 7.38)* 5.51) 739) 5.9) 7.26) 6.4) 743) 63)

* means a P < 0.05 vs Non-PF, ** means a P < 0.01 vs Non-PF, *** means a P < 0.001 vs Non-PF, PF, pulmonary fibrosis, SE, standard error, WBC, white blood cell count, HGB,
hemoglobin, PLT, platelet, CRP, C-reactive protein, PCT, procalcitonin, ESR, erythrocyte sedimentation rate, PT, prothrombin time, APTT, activated partial thromboplastin time, FDR,
fibrinogen, ALT, alanine aminotranspherase, AST, aspartate aminotransferase, TBil, total bilirubin, Alb, albumin, Cr, serum creatinine, BUN, urea nitrogen.






OEBPS/Images/table3.jpg
Univariate Multivariate

OR (Cl%) P value OR (Cl%) P value
Age 1.092 (1.064, 1.121) < 0.001 1.047 (1.010, 1.085) 0.012
Fever 3.022 (1.341, 6.810) 0.008 NA 0.567
Shortness of breath 4.152 (2.229, 7.734) < 0.001 NA 0.151
Hemoptysis 11.857 (1.298, 108.318) 0.028 NA 0.999
Hypertension 4.373 (2.067, 9.252) < 0.001 NA 0.521
Cardiovascular 9.167 (1.797, 46.764) 0.008 NA 0.707
Diabetes 6.480 (2.116, 19.848) 0.001 NA 0.239
Glucocorticoid 4.759 (2.535, 8.934) < 0.001 NA 0.745
Immunoglobulin 4.963 (2.629, 9.369) < 0.001 NA 0.297
HENC 14.559 (3.047, 69.562) 0.001 NA 0.441
Severe disease 4.457 (2.166, 9.171) < 0.001 NA 0.999
HGB 0.975 (0.955, 0.995) 0.013 NA 0.860
CRP 1.050 (1.033, 1.068) < 0.001 NA 0.268
ESR 1.024 (1.013, 1.036) < 0.001 NA 0.539
ALB 0.801 (0.734, 0.874) < 0.001 NA 0.094

HENG, high flow nasal cannula.
Bold values/numbers means p<0.05 and statistics significant.





OEBPS/Images/fcimb-12-1013526-g001.jpg
F

10

08

08

04

02

The Correlation analyses between PF and clinic parameters

HGB CRP ESR ALB
TO  -0.474* 0474 0333 -0.366"*
T -0.260***  0.422***  0.351"*  -0.364"*
T2 -0.272*** 0.280™* 0315  -0.392"*
T3 -0311%**  0279" 0320  -0.475"*
T4 -0.368"* 0.267°  0295°  -0.429"**

Notes: * means a P < 0.05 vs control,

** means a P < 0.01 vs control,

means a P < 0.001 vs control, PF: pulmonary fibrosis, HGB:

hemoglobin, CRP: C-reactive protein, ESR: erythrocyte sedimentation
rate, Alb: albumin.





OEBPS/Images/logo.jpg
’ frontiers ’ Frontiers in Cellular and Infection Microbiology





OEBPS/Images/table1.jpg
Non-PF group!

Gender (male/female) 22 (36.67) 85 (50.90) 107 (47.14) 0.058
Age, y, M (IQR) 64 (47, 67) 40 (30.5, 51.5) 45 (34, 59) < 0.001***
Drinking (n, %) 2(3.33) 6 (3.59) 8 (3.52) 0.246
Smoking (n, %) 2(3.33) 15 (8.98) 17 (7.49) 0.251
Time from discharge to CT reexamination, d, M (IQR) 29 (25.5, 32) 29 (24, 31) 29 (24, 31) 0.563
Symptoms
Fever (n, %) 52 (86.67) 114 (58.26) 166 (73.13) 0.006**
Fatigue (n, %) 31 (51.67) 69 (41.32) 100 (44.05) 0.166
Cough (n, %) 49 (81.67) 132 (79.04) 181 (79.74) 0.664
Expectoration (n, %) 29 (48.33) 72 (43.11) 101 (44.49) 0.485
Shortness of breath (n, %) 34 (56.67) 40 (23.95) 74 (32.60) < 0.001**
Hemoptysis (n, %) 4 (6.67) 1 (0.60) 5(2.20) 0.018*
Diarrhea (n, %) 16 (26.67) 34 (20.36) 50 (22.03) 0312
Abdominal pain (n, %) 4 (6.67) 28 (16.77) 32 (14.10) 0.038*
Myalgia (n, %) 8(13.33) 15 (8.98) 23 (10.13) 0.338
Headache (n, %) 11 (18.33) 15 (8.98) 26 (11.45) 0.051
Chills (n, %) 7 (11.67) 20 (11.98) 27 (11.89) 0.949
Soreness (n, %) 8(13.33) 15 (8.98) 23 (10.13) 0.338
Nausea (n, %) 9 (15.00) 20 (11.98) 29 (12.78) 0.547
Vomiting (n, %) 5(8.33) 20 (11.98) 25 (11.01) 0.439

Comorbidities

Hypertension (n, %) 19 (31.67) 16 (9.58) 35 (1542) < 0.001***
Cardiovascular (n, %) 6 (10.00) 2 (1.20) 8(3.52) 0.005**
Diabetes (n, %) 10 (16.67) 5(2.30) 15 (6.61) < 0.001***
Treatment
Glucocorticoid (n, %) 34 (56.67) 35 (20.96) 69 (30.40) < 0.001
Immunoglobulin (n, %) 33 (55.00) 32 (19.16) 65 (28.62) < 0.001
Outcomes
HENC (n, %) 9 (15.00) 2(1.20) 11 (4.85) < 0.001***
Noninvasive ventilator (n, %) 2(3.33) 1 (0.60) 3(1.32) 0.171
Invasive ventilator (n, %) 1(1.67) 0 (0.00) 1 (0.44) 0.264
Severe disease 21 (35.00) 18 (10.78) 39 (17.18) < 0.001%**
Virus shedding duration 20 (15, 29) 17 (13, 24) 18 (13, 24) 0.042*

* means a P < 0.05 vs Non-PF, ** means a P < 0.01 vs Non-PF, *** means a P < 0.001 vs Non-PF, PF, pulmonary fibrosis, M, median, HFNC, high flow nasal cannula.
Bold values/numbers means p<0.05 and statistics significant.





