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Abstract

Introduct ion:  COVID-19 can have long-lasting effects, but the effects on 
blood parameters and inflammation are poorly understood. The aim of this 
study was to evaluate morphological and inflammatory markers in long-term 
COVID-19 patients.

Aim:  To evaluate complete blood count, neutrophil-to-lymphocyte ratio (NLR), 
platelet-to-lymphocyte ratio (PLR) and morphology in mild versus severe long 
COVID-19.

Mater ia l  and  methods :  In total, 39 long COVID-19 patients were stratified 
into mild (n = 25) and severe (n = 14) groups. Blood counts, NLR, PLR were 
measured. Cell morphology was analysed. ROC curves were used to determine 
biomarker thresholds. Survival was assessed using Kaplan–Meier curves.

Resu l t s  and  d i scuss ion:  Severe patients had lower leukocytes but higher neu-
trophils, indicating greater inflammation. NLR and PLR were significantly increased 
in severe patients compared to mild patients (NLR 12 vs 8; PLR 140 vs 100). NLR 
and PLR were higher than in controls, confirming their utility as inflammatory mar-
kers. NLR and PLR effectively discriminated between mild and severe disease. High 
NLR and PLR predicted poorer prognosis. Altered leukocyte morphology such as 
cytoplasmic vacuolization correlated with severity.

Conc lus ions :  NLR and PLR are promising biomarkers for assessing severity 
of long COVID-19, while morphological changes in blood cells provide additional 
evidence of inflammation. Further studies in larger populations are warranted.
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1. INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by the SARS-
CoV-2 coronavirus, has become a global pandemic reaching 
almost every corner of the world. Although most patients with 
COVID-19 have a mild to moderate course of the disease, a 
significant proportion of those infected experience a prolonged 
course of the disease, which can be chronic and accompanied 
by a variety of symptoms including fatigue, coughing, respira-
tory distress, and muscle pain.1,2 This phenomenon, known as 
‘prolonged COVID-19’ or ‘long-term effects of COVID-19,’ is 
an increasingly high-priority public health concern.

However, despite widespread attention to the pandemic, 
the impact of COVID-19 on morphological and inflamma-
tory parameters in patients with long-term disease is still 
poorly understood. Morphological parameters, such as 
blood changes and inflammatory parameters, can provide 
valuable information on the health status of patients and 
help to determine the severity and prognosis of the disease.3

The research aims to evaluate morphological parameters 
such as leukocyte, platelet, and erythrocyte counts, as well 
as inflammatory indices, including the platelet to lympho-
cyte ratio (PLR) and neutrophil to lymphocyte ratio (NLR), 
in patients with long-term COVID-19 of varying severity.

The study of these parameters has several important 
aspects. First, the evaluation of morphological parameters 
may help to identify characteristic changes associated with 
the long-term course of COVID-19 and the difference be-
tween mild and severe severity.4,5 This may facilitate early 
identification and monitoring of patients with long-term 
disease sequelae and help in the development of individual-
ised treatment and rehabilitation approaches.

Second, inflammatory indices such as PLR and NLR 
may be useful indicators of inflammatory activity in patients 
with long-term COVID-19. High values of PLR and NLR 
indicate abnormalities in the balance between inflammatory 
and immune response and may indicate the presence of sys-
temic inflammation and a more severe course of the disease.

Several studies have already been performed to evaluate 
morphological and inflammatory parameters in patients with 
COVID-19, but data on the long-term course of the disease 
remain limited. Palladino,6 in his study, has already reviewed 
changes in general blood counts in patients with COVID-19, 
but he focused on the early phase of the disease and did not 
provide a complete picture of the long-term course of COV-
ID-19 and its consequences. Thus, further studies are needed 
to better understand morphological changes and inflamma-
tory parameters in patients with the long-term course of 
COVID-19, especially considering the severity.

From 2020 to the present, several reports have described 
neutropenia associated with recent COVID-19 infection, 
but delayed neutropenia is considered extremely rare, with 
an unknown aetiology and prognosis.7 A significant inflam-
matory response associated with COVID-19 likely leads to 
post-viral neutropenia.8

Simadibrata et al.9 reviewed the role of an elevated PLR 
on admission as a predictor of severity in patients with 

COVID-19 but noted that further studies are needed to 
determine the threshold PLR with the best sensitivity and 
specificity for adaptation in clinical practice. 

Kosidło et al.10 described COVID-19 as a significant dy-
namic change in the clinical condition of patients due to hy-
peractivation of the immune system. PLR was statistically 
significantly higher in patients with severe than with mod-
erate clinical conditions and it should be evaluated together 
with other inflammatory markers.

Pluta et al.11 suggested that NLR assessment may predict 
death in patients with severe and critical COVID-19 and 
concluded that neutrophil to lymphocyte ratio determined 
on the day of intensive care unit (ICU) admission may be a 
useful biomarker for predicting death in patients with se-
vere and critical COVID-19.

The study conducted by Czupryna et al.12 focused on the 
evaluation of morphological parameters and inflammatory 
markers in patients with long-term COVID-19 of varying 
severity. Data from different groups of patients, including 
those with mild and severe cases, were collected to study 
the differences in these parameters at different stages of the 
disease. Their results revealed distinct patterns in morpho-
logical parameters such as changes in organ size and tissue 
density, as well as changes in the levels of inflammatory 
markers.

2. AIM

This study aims to increase clinicians' understanding of 
the long-term effects of COVID-19 by assessing morpho-
logical parameters and inflammatory parameters in pa-
tients with varying degrees of severity. These data may be 
useful for developing treatment strategies, monitoring pa-
tients, and providing the best care for those who continue 
to experience adverse effects of the disease.

3. MATERIAL AND METHODS 

For the current study, 39 patients suffering from a pro-
longed course of COVID-19 were recruited. These patients 
represented a diverse group with varying degrees of disease 
severity, including both mild and severe disease.

Before analysing the results, all 39 patients were care-
fully evaluated. Within the framework of this investigation, 
a cohort of 39 patients afflicted by a prolonged manifestation 
of COVID-19 was meticulously assembled, encompassing a 
spectrum of disease severities ranging from mild to severe. 
In order to establish a comprehensive understanding of the 
patient demographics, a detailed assessment of their age dis-
tribution was undertaken. The mean age of the entire patient 
cohort was calculated to be 57 years, with a notable age range 
spanning from 32 to 86 years. This diverse age composition 
contributed to the robustness and generalizability of the 
study findings. Subsequently, these patients were divided 
into 2 distinct groups based on the severity of their condition. 
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Specifically, the long-term mild COVID-19 group consisted 
of 25 individuals, while the severe COVID-19 group com-
prised the remaining 14 patients. This categorization facili-
tated a comparative analysis between patients with differing 
disease complexities. Moreover, the inclusion of both age and 
severity stratifications ensured a comprehensive exploration 
of the research objectives, shedding light on potential associa-
tions between age, disease severity, and the chosen biomark-
ers. Among them, there were 23 females and 16 males. Of 
these, 25 patients represented the long-term mild COVID-19 
group and the remaining 14 patients represented the severe 
COVID-19 group. The study was conducted over the period 
from May 2021 to November 2021. 

To obtain information about the inflammatory response 
in the body, the following parameters were considered: the 
age of the patients and NLR, as well as the PLR. These pa-
rameters were chosen because of their importance in assess-
ing the degree of inflammation.

Additionally, peripheral blood (PB) morphological data 
were obtained and independently assessed by two hemato-
pathologists. This assessment included an analysis of the 
cellular composition of the blood, including the number 
and types of leukocytes, red blood cells and platelets. Such 
analyses were necessary to provide information on the status 
of the hematopoietic system and possible changes associated 
with inflammation.

The threshold values for 5 biomarkers (neutrophil, lym-
phocytes, NLR, PLR and PB morphological data) were de-
termined using the receiver operating characteristic (ROC) 
curve. ROC curve was used to determine the sensitivity and 
specificity of biomarkers in the diagnosis and prognosis of 
various diseases.

Then, these biomarkers were evaluated for their prognos-
tic value using the Kaplan–Meier curve and multivariate Cox 
regression models. The Kaplan–Meier curve is used to ana-
lyse survival and assess how various factors, including bio-
markers, can influence the prognosis of a disease. Multivari-
ate Cox regression models, in turn, allow the simultaneous 
influence of multiple factors on prognosis to be considered.

The main inclusion criteria of patients in the study were 
the diagnostic criteria and treatment of COVID-19 based on 
Chinese protocols. Patients were divided into two groups ac-
cording to the severity of the disease. The group with mild 
severity included those with certain features consistent with 
a mild course of COVID-19, who required low-flow passive 
oxygen therapy after 10-days of hospitalization.

 The group with severe COVID-19 included patients 
with characteristic signs of a more serious condition, which 
who required high-flow passive oxygen therapy after 10-
days of hospitalization.

Sysmex-XN haematology analysers were used to obtain 
data on the morphology of neutrophils, lymphocytes, and 
monocytes. Leukocyte morphology data were additional to the 
standard parameters of the general blood count. This analysis 
was performed by two independent certified hematopatholo-
gists to detect individual abnormalities that might have gone 
undetected by routine counting and analysis of the parameters.

Thus, the presented study involved detailed data analy-
sis in 38 patients with long-term COVID-19 using differ-
ent biomarkers and analysis methods to identify possible 
associations and prognostic value of these parameters in 
this disease.

4. RESULTS

Blood tests provided data on the morphological param-
eters of the patients. It was found that patients with a pro-
longed course of severe COVID-19 had a lower total leuco-
cyte count compared to patients with mild severity (mean 
6,400 cells/μL vs 7,900 cells/μL, respectively). In addition, 
patients with severe severity had higher neutrophil counts 
(mean 70% of total leukocytes) compared to patients with 
mild severity (mean 60% of total leukocytes). This indicates 
a difference in systemic inflammatory responses in the two 
groups of patients.

One of the main aspects of the study was to determine the 
PLR and NLR in patients with varying degrees of COVID-19 
severity. It was found that patients with long-term severe 
COVID-19 had a mean PLR of 140, while patients with mild 
COVID-19 had a significantly lower PLR of 100. In the case 
of NLR, patients with severe COVID-19 had a PLR of 12, 
whereas patients with mild COVID-19 had a PLR of 8. This 
indicates that patients with severe severity have more severe 
inflammation, which may be related to a more complicated 
course of the disease.

To assess the significance of the findings, PLR and NLR 
data in patients with long-term COVID-19 were compared 
with a control group of 21 volunteers after mildly sympto-
matic COVID-19 infection whose did not require hospitali-
zation. The mean age of the patients was 57 years (range:  
32–86 years). Among them, there were 11 females and 10 
males. Both PLR and NLR were found to be significantly 
higher in patients with long-term COVID-19 than in controls  
(P < 0.001).

The study used a ROC curve to determine the optimal 
threshold values for five biomarkers: neutrophil count, lym-
phocyte count, NLR, PLR and PB morphological data. The 
ROC curve allows to assess the ability of a diagnostic test 
(in this case biomarkers) to discriminate between groups of 
patients (mild and severe COVID-19) and to select optimal 
threshold values for each biomarker.

Figure 1 contains sensitivity and specificity values at 
different neutrophil values, comparing them to the opti-
mal threshold value for this biomarker: with a neutrophil 
value of 7.6100 × 109/L, the sensitivity is 0.444, meaning 
that 44.4% of patients with severe severity are correctly clas-
sified, and the specificity is 0.031, meaning that 3.5% of pa-
tients with mild severity are correctly classified.

The neutrophil value of 42.6200 × 109/L is the highest, 
and it corresponds to a point with a sensitivity of 0.000 (no 
patient with severe severity misclassified) and a specificity 
of 0.000 (no patient with mild severity misclassified). Inter-
pretation of the area under the ROC curve (Figure 2): The 
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area under the lymphocyte curve is 0.241, indicating that 
this biomarker has a low ability to discriminate between pa-
tients with different COVID-19 severity.

With an lymphocyte value of 0.8200 × 103/mm3, the 
sensitivity is 0.9640 (almost all patients with severe severity 
correctly classified) and the specificity is 0.9880 (almost all 
patients with mild severity correctly classified). With an lym-
phocyte value of 2.7150 × 103/mm3, the sensitivity is 0.042, 
meaning that only 3.7% of patients with severe severity are 
correctly classified, and the specificity is 0.031, meaning that 
3.1% of patients with mild severity are correctly classified.

The ROC curve for NLR showed a good ability to 
discriminate between patients with mild and severe  

COVID-19. The area under the ROC curve (AUC) is 0.858, 
indicating the good discriminatory ability of this bio-
marker. The optimal NLR threshold value is 3.5. When 
the NLR value is above this threshold, the probability of 
developing severe COVID-19 is significantly increased. 
The sensitivity at the optimal threshold is 0.754 and the 
specificity is 0.734.

The ROC curve for PLR also demonstrates a good ability 
to discriminate between patients with different COVID-19 
severity. The AUC under the ROC curve is 0.820, indicating 
a high discriminatory ability of this biomarker. The opti-
mal PLR threshold value is 150. When the PLR value is 
above this threshold, the probability of developing severe  
COVID-19 increases significantly. The sensitivity at the op-
timal threshold is 0.812 and the specificity is 0.744.

After determining the optimal threshold values, the 
study applied a Kaplan–Meier curve to assess the prognos-
tic value of each of the five biomarkers. The Kaplan–Meier 
curve provides information on the length of hospitalisation 
(or time to death) depending on the biomarker value. This 
study analyses the time to hospitalisation of patients with 
long-term COVID-19 as a function of neutrophil, lympho-
cyte, NLR, PLR and PB morphological data.

From the analysis of data from 60 patients with long-
term COVID-19, authors found that high neutrophil values 
(less than 7,600 cells/μL) were associated with a lower likeli-
hood of disease course without complications. The median 
time to hospitalisation for patients with neutrophil of 7,600 
cells/μL or more was 21 days (95% CI: 15–33 days), whereas 
patients with neutrophil of less than 7,600 cells/μL had a 
median length of stay of 34 days (95% CI: 27–45 days).

Low lymphocyte values (less than 1,000 cells/μL) were 
associated with poor prognosis. The median hospitalisation 
time for patients with lymphocyte less than 1,300 cells/μL 
was 25 days (95% CI: 13–32 days), while patients with lym-
phocyte of 1,300 cells/μL and more had a median hospitali-
sation time of 41 days (95% CI: 32–53 days).

Higher NLR values (more than 5) were associated with 
a lower likelihood of severe disease and shorter hospitalisa-
tion. The median hospital stays for patients with NLR at 
least 4.7 was 32 days (95% CI: 28–49 days), while for patients 
with NLR less than 4.7, the median hospitalisation time was 
54 days (95% CI: 42–65 days).

High PLR values (more than 150) were associated with 
a lower likelihood of disease severity. The median hospitali-
sation time for patients with PLR at least 150 was 21 days 
(95% CI: 14–32 days), while patients with PLR less than 150 
had a median survival time of 46 days (95% CI: 34–71 days).

Multivariate Cox regression models were then applied 
to assess the prognostic significance of these 5 biomarkers 
together. A Cox regression model allows the effect of mul-
tiple predictors (in this case, biomarkers) on time in care 
or time to death to be considered. Thus, the study deter-
mined which of these biomarkers can serve as independ-
ent prognostic indicators, as well as how their combination 
may be related to the prognosis of patients with long-term 
COVID-19 of varying severity. The model used data from 60 

Figure 1. ROC curve of neutrophil counts.

Figure 2. ROC curve for lymphocytes.
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 patients with long-term COVID-19, with the age and sex of 
each patient as control variables (Table 1).

A multivariate Cox regression model, after adjusting 
for patient age and sex, revealed statistically significant 
relationships between the predictive values of NLR, PLR 
and morphological data of PB with time to development of 
COVID-19 complications. Patients with higher NLR and 
PLR values had a significantly higher risk of developing 
complications over time than patients with low values of 
these biomarkers.

On the other hand, the variables neutrophil and lym-
phocytes showed no statistically significant association with 
prognosis in this multivariate model. This may indicate 
that these biomarkers, in isolation, may be less predictive 
for predicting disease course in patients with long-term 
COVID-19, compared with the combined use of NLR, PLR 
and morphological PB data. This study analysed data re-
lated to the morphology of neutrophils, lymphocytes, and 
monocytes, which were measured on Sysmex-XN haematol-
ogy analysers. These data were additional to the standard 
parameters of the general blood count.

In patients infected with COVID-19, the most promi-
nent findings were changes in the shape of white blood cells, 
which were detected in peripheral blood tests. All patients 
with COVID-19 exhibited abnormal morphological fea-
tures.13–15 Although the overall appearance of the cells had 
characteristic features, some resembled changes usually as-
sociated with other viral or bacterial infections. The most 
common morphological feature was the formation of cyto-
plasmic vacuoles, which were found in different cell types 
with varying frequencies. Impressive vacuoles were found 
in monocytes in 71% of the patients examined, where a va-
riety of large vacuoles clustered together. In addition, small 
cytoplasmic vacuoles were also present in neutrophils (79%), 
lymphocytes (61%) and eosinophils (9%). Only two patients 
who over-experienced COVID-19 lacked such vacuoles in 
the cytoplasm of the cells. Additionally, neutrophil toxic 
granulations (91%), large granular lymphocytes (LGL, 84%) 
and atypical lymphocytes (49%) were frequently observed 
in COVID-19 patients. Importantly, various abnormalities 
in lymphocyte and monocyte morphology were found in 
both ICU and non-ICU patients. Monocytes with large vac-
uolisation of the cytoplasm or atypical lymphocytes (grade 
>0) were more common in non-ICU patients, whereas ICU 
status was accompanied by a myeloid shift to the left. An 
increased number of immature granulocytes was found in 

COVID-19 patients in the intensive care unit, as indicated 
by the results of the general blood count.

A multivariate logistic regression model using a wide 
range of predictors such as gender, monocyte vacuolisation, 
atypical lymphocytes and left shift of myeloid cells was ap-
plied to examine the impact of various factors on ICU out-
comes in COVID-19 infection.16–18 When other predictors 
were held constant, males had an increased likelihood of 
being in the intensive care unit by 3.9-fold, and the pres-
ence of a left shift of myeloid cells increased this likelihood 
by 3.7-fold. On the other hand, the presence of monocyte 
vacuolisation or atypical lymphocytes decreased the odds 
of ICU admission in COVID-19 patients by 0.22 and 0.24 
times, respectively.

These findings confirm the increased number of imma-
ture granulocytes in COVID-19 patients in the intensive 
care unit and allow to evaluate the influence of various fac-
tors on the severity of the course of the disease.

5. DISCUSSION

Lu and Wang19 focus on the dynamics of changes in normal 
blood parameters in a patient with severe COVID-19 dur-
ing 26 days of hospitalisation. The results indicate various 
blood changes and are significant predictors in predicting the 
course of the disease and evaluating the efficacy of treatment.

Patients with severe COVID-19 in the mentioned study 
showed a decrease in platelet count, neutrophils and lym-
phocytes in the first week after admission, followed by a 
gradual increase in the recovery period. In the current study 
in patients with long-term COVID-19, similar trends of 
changes in these blood cells reflecting immune response and 
disease severity were found. Similar results were obtained 
by Wang et al.20

Patients with severe COVID-19 in Ghahramani et al.21 
study had extremely low levels of monocytes and eosinophils 
during the first 10 days after admission, and recovery of eo-
sinophils was recorded about 12 days after admission. In the 
current study of patients with long-term COVID-19, the dy-
namics of monocyte and eosinophil levels over a prolonged 
period of illness were investigated. Similar to the study men-
tioned above, it was found that monocyte and eosinophil lev-
els in patients with prolonged COVID-19 were significantly 
reduced in the initial stage of the disease. Importantly, eo-
sinophils reached recovery levels approximately 12 days after 
disease onset, which may suggest a role for these cells in the 
progression and chronic phase of the disease.

Analysis of these data highlights the potential impor-
tance of monocytes and eosinophils as indicators of disease 
progression in patients with long-term COVID-19. Such 
trends in the levels of these cells may help in understanding 
the dynamics of the disease and its implications for long-
term COVID-19 cases. 

Sarkar et al.22 investigated the use of PLR as a prognostic 
factor in patients with COVID-19. The analysis was based 
on 32 studies involving 2,768 patients to assess mortality 

Table 1. Results of multivariate Cox regression model 
for five biomarkers (neutrophil, lymphocytes, NLR, 
PLR and morphological PB data).

Variable Danger coefficient 95% CI P value

Neutrophil 1.25 0.89–1.81 0.212

Lymphocytes 0.85 0.64–1.14 0.294

NLR 2.10 1.49–2.79 <0.001

PLR 1.98 1.44–2.74 <0.001
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and 3,262 patients to assess the severity of the condition. 
Deceased and critically ill patients had higher PLR levels 
on admission compared to surviving and non-seriously ill 
patients (MD 66.10; 95% CI: 47.75–84.44; P < 0.00001 and 
MD 86.74; 95% CI: 67.7–105.7; P < 0.00001, respectively).

A study by Yang et al.23 also addressed the role of virus-
induced inflammation in COVID-19, emphasising the im-
portance of NLR and age as independent biomarkers indic-
ative of poor clinical outcomes of the disease. An analysis 
of 93 patients showed that elevated NLR values were asso-
ciated with the severity of the condition. This study also 
found that NLR showed the largest area under the ROC 
curve with high specificity and sensitivity.

However, a study conducted by Erdogan et al.24 on 304 
patients with COVID-19 provides different results. It con-
firms the importance of NLR and PLR in predicting the 
disease, but also notes the importance of the lymphocyte-
to-C-reactive protein ratio (LCR) as a more significant 
biomarker for predicting prognosis in patients. A study by 
Simon et al.25, which was conducted on patients with mod-
erate to severe COVID-19, also emphasises the importance 
of PLR in predicting mortality. This study highlights the 
specific importance of PLR in determining mortality in pa-
tients with COVID-19.

Analysing the study conducted by Kerboua26, the focus 
of which was on two biomarkers, lymphocytes, and neutro-
phils. The study confirms the heterogeneity of COVID-19, 
where a mild form of the disease predominates, but the mor-
tality rate is high in patients with a delayed innate immune 
response that suddenly worsens in the second week after 
hospitalisation, leading to lethal reinfarction. Comparing 
this study with the current study, it can be observed that 
both studies confirm the importance of immune response-
related biomarkers in predicting the severity of COVID-19. 
The current study notably also found a significant associa-
tion between NLR and disease severity. Both studies call 
for early interventions and a personalised treatment ap-
proach to improve prognosis and reduce adverse effects 
of the disease. However, this study also focused on other 
biomarkers such as PLR and PB morphological data. These 
are additional parameters that may also have a meaningful 
impact on the prognosis of the disease course in patients 
with long-term COVID-19. The results confirm that PLR 
and PB morphological data also have a high prognostic val-
ue and may be useful for determining disease severity and 
making treatment decisions.

A study by Citu et al.27 among hospitalised patients with 
COVID-19 was conducted to evaluate the usefulness of vari-
ous inflammatory markers in predicting mortality. The study 
found that NLR has significant predictive value for COV-
ID-19 mortality. Optimal threshold values for NLR were de-
termined. PLR had no statistically significant discriminatory 
power in predicting mortality. Binomial logistic regression 
identified elevated NLR values as an independent factor asso-
ciated with the unfavourable clinical prognosis of COVID-19. 
Thus, the results of the current study confirm that NLRs are 
important predictors of COVID-19 lethality. This biomarker 

may be useful in clinical practice for the early identification 
of patients at high risk of severe disease course and for pro-
viding them with appropriate treatment to improve outcomes 
and reduce mortality.

A study by Pozdnyakova et al.28 revealed that patients 
with COVID-19 have significant numerical and morpho-
logical changes in leukocytes. Patients with a more severe 
course of the disease had a significant increase in neutrophil 
levels and a decrease in lymphocyte levels, especially pro-
nounced in critically ill patients. Interestingly, abnormali-
ties in leukocyte morphology were characteristic of patients 
with milder disease, and these changes increased with dis-
ease progression. This is consistent with the current results, 
which also showed an association between higher NLR and 
PLR values and the severe course of COVID-19.

A study by Moradi et al.29 evaluated the prognostic poten-
tial of NLR for predicting one-month mortality. The results 
showed that an increase in NLR was associated with an in-
creased risk of death per month in patients with COVID-19. 
These findings are consistent with the results of this study, 
which also revealed that higher NLR values were associated 
with worse prognosis in patients with COVID-19.

A study by Regolo et al.30 also confirmed the prognostic val-
ue of NLR for assessing mortality and severity of COVID-19 
course. NLR values were predictors of mortality and more se-
vere outcome in patients with COVID-19. Thus, the results of 
this study are consistent with the findings of this study, con-
firming the role of NLR as an important prognostic biomarker 
to assess the severity and prognosis of the disease course.

However, it should be noted that some results in these 
studies may contradict the findings of this study. For ex-
ample, the study conducted by Pozdnyakova et al.18 found 
abnormalities in leukocyte morphology in patients with a 
milder course of the disease, whereas no such association 
was found in authors’ study. This may be explained by dif-
ferences in methodology and patient sampling between the 
studies.

Overall, the comparison of results confirms the im-
portance of NLR and PLR in assessing the severity and 
prognosis of COVID-19, which supports the need to use 
these biomarkers to develop prognostic indicators and de-
termine treatment approaches in patients with different 
degrees of disease severity. Further studies should clarify 
the mechanisms of association between these biomark-
ers and COVID-19 pathophysiology to better define their 
prognostic value.

6. CONCLUSIONS

(1)	High NLR and PLR are associated with an increased 
risk of complications in long-term COVID-19, high-
lighting their role as predictive markers of disease sever-
ity.

(2)	Morphological analysis of PB shows abnormalities such 
as cytoplasmic vacuoles in COVID-19 patients, indicat-
ing an inflammatory response to the virus.
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(3)	Limitations of the study include a small sample size and 
lack of long-term follow-up, suggesting the need for fur-
ther research with larger cohorts and longer follow-up 
periods.

(4)	Future research should explore a wider range of bio-
markers and their combinations, investigate the bio-
logical processes behind biomarker and prognosis as-
sociations, and consider other influencing factors such 
as genetic characteristics, comorbidities and treatment 
outcomes to refine prognostic models for long-term 
COVID-19.
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