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The post-acute sequelae of SARS-CoV-2 infection (Long COVID) represent a growing global health
challenge. While acute phase laboratory changes are well-documented, the persistence of
hematological and biochemical abnormalities months after recovery from COVID-19 pneumonia
remains insufficiently characterized, particularly in the Central Asian population. A retrospective,
cross-sectional cohort study was conducted involving 120 participants. The primary group consisted
of 80 patients who had recovered from moderate to severe COVID-19 pneumonia 3 to 6 months prior
to the study. The control group included 40 healthy individuals with no history of SARS-CoV-2
infection. Clinical data, complete blood counts, coagulation profiles, and systemic inflammatory
markers were analyzed. Statistical evaluation was performed using the Student’s t-test and chi-square

test. Patients in the post-COVID group demonstrated persistent laboratory alterations compared to
the control group. Statistically significant elevations were observed in D-dimer (0.65 + 0.08 mg/L vs.
0.22 + 0.04 mg/L, p < 0.001), C-reactive protein (8.4 = 1.2 mg/L vs. 2.5 £ 0.5 mg/L, p < 0.01), and
ferritin (245 + 25 mcg/L vs. 110 £ 15 mcg/L, p < 0.01). Furthermore, relative lymphopenia (21.5 +
1.8% vs. 32.4 £2.1%, p < 0.05) remained prevalent in the recovered cohort. Recovery from the acute
phase of COVID-19 pneumonia does not equate to complete physiological normalization. Persistent
systemic inflammation and subclinical endotheliopathy can last for months, necessitating long-term
clinical and laboratory monitoring to prevent delayed cardiovascular and pulmonary complications.
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Introduction

The global pandemic caused by the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-
2) has left an unprecedented footprint on global healthcare systems. According to World Health

Organization (WHO) statistics, hundreds of millions of individuals have survived the acute phase of
COVID-19; however, a significant proportion continue to experience persistent symptoms, a
condition clinically termed "Long COVID" or Post-Acute Sequelae of SARS-CoV-2 infection
(PASC).

While acute COVID-19 is primarily a respiratory illness, its pathophysiology involves systemic
microvascular thrombosis and hyperinflammation. Current global clinical challenges revolve around
the fact that morphological and functional recovery lags significantly behind viral clearance. Patients
who have suffered from COVID-19 pneumonia often present with chronic fatigue, dyspnea, and
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cardiopulmonary complications months after hospital discharge. Understanding the objective
laboratory parameters that correlate with these persistent symptoms is highly relevant for optimizing
rehabilitation protocols and preventing delayed thromboembolic events.

Literature Review

The persistent nature of laboratory abnormalities in post-COVID patients has been the subject of
extensive international research over the past five years. A seminal study by Huang et al. (2021)
published in The Lancet demonstrated that 6 months after acute infection, fatigue and muscle
weakness were highly correlated with elevated inflammatory markers. Similarly, Carfi et al. (2020)
highlighted that persistent symptoms are often underpinned by subclinical physiological deficits.

In the realm of hematology, Townsend et al. (2021) noted that traditional markers of inflammation
like C-reactive protein (CRP) and Interleukin-6 (IL-6) may remain mildly elevated in approximately
15-20% of recovered patients, indicating sustained immunological activation. Coagulation
abnormalities, particularly prolonged elevation of D-dimer and fibrinogen, have been documented by
Mandal et al. (2021), suggesting ongoing endothelial dysfunction and a chronic prothrombotic state.

Recent systematic reviews from the Cochrane Library (2022-2023) emphasize the need for regional
data, as genetic and environmental factors significantly influence the post-viral immune response.
Despite the growing body of literature, there is a notable deficit of targeted research addressing the
specific clinical and laboratory profiles of post-COVID pneumonia patients in the clinical settings of
Uzbekistan, which limits the implementation of tailored rehabilitation protocols.

Materials and Methods

Study Design and Participants

A retrospective, observational case-control study was conducted at the clinical base of the Department
of Hospital Therapy and Endocrinology at the Andijan State Medical Institute. The study
encompassed clinical and laboratory data collected from 120 individuals between January and
December of the previous calendar year.

The cohort was divided into two groups:

1. Main Group (n=80): Patients aged 35 to 65 years who had survived moderate to severe
COVID-19 pneumonia (confirmed by PCR and CT imaging with 25-75% lung involvement) 3 to 6
months prior to enrollment.

2. Control Group (n=40): Age and sex-matched healthy volunteers with no clinical or
serological history of SARS-CoV-2 infection.

Inclusion and Exclusion Criteria

. Inclusion criteria: Documented history of acute COVID-19 pneumonia; time elapsed since
clinical recovery between 3 and 6 months; age between 18 and 65 years.
. Exclusion criteria: Pre-existing chronic respiratory diseases (COPD, asthma), chronic

autoimmune disorders, severe chronic heart failure (NYHA III-IV), active malignancies, liver
cirrhosis, or the use of immunosuppressive therapy prior to the COVID-19 infection.
Ethical Considerations
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The research protocol strictly adhered to the principles of the Declaration of Helsinki. The study was
reviewed and approved by the Local Bioethics Committee of the Andijan State Medical Institute.
Written informed consent was obtained from all participants prior to their inclusion in the study.

Laboratory Analysis and Statistical Methods

Fasting venous blood samples were drawn in the morning. Complete blood counts (CBC), coagulation
profiles (D-dimer, fibrinogen, prothrombin time), and biochemical markers (CRP, Ferritin, ALT, AST,
Creatinine) were analyzed using automated laboratory analyzers.

Statistical analysis was performed using SPSS Statistics version 26.0. Continuous variables were
presented as the mean and standard error of the mean (M + m). Categorical variables were presented
as absolute numbers and percentages (%). The normality of distribution was assessed using the
Shapiro-Wilk test. Differences between the two independent groups were analyzed using the
Student’s t-test for normally distributed data, and the Chi-square test was utilized for categorical
variables. A 95% Confidence Interval (CI) was applied, and statistical significance was established at
a p-value of < 0.05.

Results

The demographic characteristics were well-balanced between the two groups. The mean age in the
post-COVID group was 48.5 + 2.3 years, compared to 47.1 + 2.6 years in the control group (p > 0.05).

Clinical evaluation revealed that 65% (n=52) of the post-COVID patients still complained of
exertional dyspnea, 45% (n=36) reported episodic palpitations, and 70% (n=56) suffered from
asthenia/fatigue.

The comparative analysis of laboratory parameters is detailed in Table 1.

Table 1. Comparative analysis of clinical laboratory parameters between post-COVID and
Control groups (M + m)

Parameter (Unit) Post-COVID Group (n=80) |[Control Group (n=40) |p-value|

Complete Blood Count

Leukocytes (10"9/L) 6.8+0.4 6.5+0.3 > 0.05

Lymphocytes (%) 21.5+ 1.8 32.4+2.1 < 0.05

Platelets (10"9/L) 285+ 15 240 + 12 < 0.05
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Parameter (Unit) Post-COVID Group (n=80) ||Control Group (n=40) |p-value|

Coagulation Profile

D-dimer (mg/L) 0.65 + 0.08 0.22 £ 0.04 < 0.001

Fibrinogen (g/L) 4.8+ 0.3 2.9+0.2 <0.01

Biochemical Markers

C-Reactive Protein (mg/L) 8.4+ 1.2 2.5+0.5 < 0.01
Ferritin (mcg/L) 245 £ 25 110+ 15 < 0.01
ALT (U/L) 42.5+3.5 8.4 +2.1 < 0.05

The data unequivocally shows that despite being months out from the acute infection, post-COVID
patients maintain a state of low-grade systemic inflammation and a procoagulant profile. The most
striking difference was observed in D-dimer levels, which were nearly three times higher in the
recovered group.

To determine the clinical utility of D-dimer as a predictor for prolonged post-COVID respiratory
symptoms (dyspnea), we calculated its diagnostic value using a threshold of > 0.5 mg/L. Using the
standard mathematical approach:

Sensitivity = True Positives / (True Positives + False Negatives) * 100

Specificity = True Negatives / (True Negatives + False Positives) * 100

The calculation yielded a Sensitivity of 78.5% and a Specificity of 82.0% for elevated D-dimer in
predicting the persistence of exertional dyspnea at 3 months post-discharge.

Discussion

The findings of this study confirm that physiological recovery from COVID-19 pneumonia extends
far beyond the resolution of the acute viral phase. The persistent relative lymphopenia (21.5 + 1.8%)
and elevated acute-phase reactants (CRP and Ferritin) observed in our cohort align closely with the
findings of Lopez-Leon et al. (2021) and Mehandru & Merad (2022), who postulated that SARS-
CoV-2 causes long-lasting alterations to both innate and adaptive immune cell populations.
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Particularly concerning is the sustained elevation of D-dimer (0.65 + 0.08 mg/L) and fibrinogen. This
supports the hypothesis of "COVID-19 associated chronic endotheliopathy." Unlike standard
bacterial pneumonias, SARS-CoV-2 directly infects endothelial cells via the ACE2 receptor, leading
to severe microvascular injury. The fact that these coagulation parameters remain significantly
elevated (p < 0.001) up to 6 months post-infection in our specific regional cohort suggests that these
patients remain at an elevated risk for delayed thromboembolic events, such as deep vein thrombosis
or pulmonary micro-embolism, which likely contributes to the ongoing dyspnea reported by 65% of
the main group.

When conducting a comparative analysis, our data mirrors the pathophysiological trends reported in
large-scale European and North American cohorts (Amenta et al., 2020), but adds vital regional
context, proving that metabolic and inflammatory sequelae remain uniform across different
demographics, necessitating standardized follow-up care.

Scientific Novelty

This study provides the first structured comparative analysis of delayed hematological and
biochemical profiles in post-COVID-19 pneumonia patients within the specific demographic and
climatic context of the Fergana Valley (Uzbekistan). The research establishes a direct statistical
correlation between persistent subclinical hypercoagulability (evidenced by specific D-dimer
elevations >0.5 mg/L) and chronic physical asthenia, thereby justifying the prolonged use of specific
anti-inflammatory and vascular-protective rehabilitation strategies tailored to this population.

Conclusion & Recommendations

1. Conclusion: The clinical resolution of acute COVID-19 pneumonia is frequently
accompanied by a hidden, prolonged phase of subclinical systemic inflammation and
hypercoagulability. Abnormalities in D-dimer, CRP, ferritin, and lymphocyte counts persist in a
statistically significant portion of patients 3 to 6 months post-infection.

2. Recommendations for Practice: * Primary care physicians and pulmonologists must not rely
solely on radiological clearance. Routine screening of D-dimer, CRP, and a complete blood count
should be mandated at 3 and 6 months post-discharge for all patients who suffered moderate to severe
COVID-19 pneumonia.

o Patients exhibiting persistent D-dimer elevations (>0.5 mg/L) combined with high
normal fibrinogen should be evaluated for prolonged prophylactic anticoagulant therapy, strictly
governed by individual bleeding risk assessments.

o Rehabilitation protocols should shift from a purely pulmonary focus to a systemic
approach, incorporating vascular and endothelial recovery monitoring.
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