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THE ROLE OF DIAGNOSTICS IN THE EARLY DIAGNOSIS OF POST-COVID-19
PNEUMONIA
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v" Resume

Post-COVID-19 pneumonia is a significant complication observed in patients recovering from
acute COVID-19 infection. Early diagnosis is critical to prevent severe outcomes, including
respiratory failure and long-term lung damage. This review explores the role of diagnostic tools,
including imaging, biomarkers, and molecular techniques, in the early detection of post-COVID-19
pneumonia. We highlight the strengths and limitations of current diagnostic modalities and discuss
emerging technologies that could improve early diagnosis. By synthesizing findings from 25 recent
studies, this review underscores the importance of a multidisciplinary approach to diagnosing post-
COVID-19 pneumonia and provides recommendations for future research and clinical practice.

Key words: post-COVID-19 pneumonia, including respiratory, SARS-CoV-2 virus
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v’ Pestome

Ineemonusn nocire COVID-19 sensemcs cepvesuvim 0CH0MCHEHUEM, HADIIO0AEMBIM Y
nayuenmos, evizoopasiusaroumux nocie ocmpou ungpexyuu COVID-19. Pannsas ouaznocmuka
umeem peuiaroujee 3HaueHue 0jiA NPeOOMEPAEHUA MANCEIBIX UCX0008, BKIOUAA ObIXAMENbHYIO
He00Cmamo4yHoCms U 007120CPOUHOEe nogpexcoenue neckux. B amom o0630pe uzyuaemca ponv
OUAZHOCMUYECKUX UHCIPYMEHMO8, 6KII0Uas GU3Yanu3ayuio, OuomMapkepvl U MOAEKYAApPHblE
Memoovl, 8 panHem eviagrenuu nheemonuu nocie COVID-19. Mbr noouepkusaem cuibhble u
cnadvie CMOPOHBL COBPDEMEHHBIX OUAZHOCIMUYECKUX MEM 0008 U 00CyrHcoaem HOGble MEXHON0ZUU,
Komopule mozym yayuuwiums pannioro ouaznHocmuky. Cunmesupya pezynomamel 25 HeOagHUX
UCCTIe006aAHUIl, 8 IMOM 0030pe NOOUEPKUBACMCA GANHCHOCHb MENHCOUCUUNTUHAPHOZ0 HO0X00a K
ouaznocmuke nuneémonuu nocie COVID-19 u oarwomca pexomendayuu 0nsa  O6yoyusux
UCC1e006aHUIl U KTUHUYECKOU NPAKMUKU.

Knrouesvie cnosa: nueemonusn nocne COVID-19, gxniouasn pecnupamopnyio, eupyc SARS-CoV-2

Relevance

T he COVID-19 pandemic, caused by the SARS-CoV-2 virus, has resulted in over 700 million

confirmed cases worldwide as of 2023 [1]. While most patients recover fully, a significant
proportion develop post-COVID-19 complications, including pneumonia. Post-COVID-19 pneumonia
is characterized by persistent inflammation, fibrosis, and impaired lung function, often occurring
weeks to months after the acute infection [2]. Early diagnosis is crucial to initiate timely interventions
and prevent long-term morbidity.Diagnostic challenges arise due to the overlap of symptoms with
other post-COVID-19 conditions, such as pulmonary fibrosis and secondary bacterial infections [3].
This review examines the role of diagnostic tools in identifying post-COVID-19 pneumonia at an early
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stage, focusing on imaging, biomarkers, and molecular diagnostics. We also discuss the integration of
these tools into clinical practice and their potential to improve patient outcomes.Biomarkers for Early
Detection.Elevated levels of inflammatory markers, such as C-reactive protein (CRP), interleukin-6
(IL-6), and ferritin, have been associated with post-COVID-19 pneumonia [10]. These biomarkers can
help identify patients at risk of developing pneumonia during the recovery phase. For example, a 2020
study found that persistently high CRP levels were predictive of post-COVID-19 pneumonia in 70%
of cases [11]. SP-D is a lung-specific biomarker that has shown promise in diagnosing post-COVID-
19 pneumonia. Elevated SP-D levels correlate with alveolar damage and fibrosis, making it a useful
tool for early detection [12]. A 2021 study reported that SP-D levels were significantly higher in
patients with post-COVID-19 pneumonia compared to those without [13]. miRNAs are small non-
coding RNAs that regulate gene expression and have been implicated in lung inflammation and
fibrosis. Recent studies have identified specific miRNA signatures associated with post-COVID-19
pneumonia, offering a potential non-invasive diagnostic tool [14]. For instance, miR-21 and miR-155
have been shown to be upregulated in patients with post-COVID-19 pneumonia [15] PCR remains a
cornerstone of COVID-19 diagnosis, but its role in post-COVID-19 pneumonia is limited. However,
PCR can detect co-infections, such as bacterial or fungal pneumonia, which are common in post-
COVID-19 patients [16]. A 2022 study highlighted the importance of PCR in identifying secondary
infections in patients with persistent respiratory symptoms [17]. NGS allows for comprehensive
analysis of the respiratory microbiome and can identify pathogens that may contribute to post-
COVID-19 pneumonia.

——

A 2021 study used NGS to detect bacterial and fungal co-infections in 30% of post-COVID-19
pneumonia cases, underscoring its diagnostic value [18]. Despite advances in diagnostic tools, several
challenges remain. The lack of standardized diagnostic criteria for post-COVID-19 pneumonia
complicates early diagnosis [19]. Additionally, the high cost and limited availability of advanced
imaging and molecular techniques hinder their widespread use [20]. Future research should focus on
developing cost-effective, non-invasive diagnostic tools and integrating artificial intelligence (Al) to
improve diagnostic accuracy [21]. Following these criteria, only patients belonging to scenario 1 with
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negative COVID-19 test (or low test probability) or positive COVID-19 test but with low risk of
disease progression should avoid imaging. Risks factors for disease progression are considered age
>65 years, cardiovascular disease, diabetes, chronic respiratory disease, hypertension, and immune-
compromised patients. However, in case of worsening of respiratory status, an imaging examination
becomes mandatory. If a different diagnosis is established, patients may follow the proper guidelines.
In case of a negative COVID-19 test but with imaging features consistent with COVID-19 pneumonia
(or in absence of an alternative diagnosis), it is suggested to repeat the test or pursue with other
investigations (in case of scenario 2) or consider a presumptive diagnosis of COVID-19. The most
common CT finding is GGO. Usual features are also GGO mixed to consolidations, mostly with air
bronchogram. Consolidations, consolidations surrounded by GGO (halo sign”), pleural thickening
adjacent to parenchymal alterations, interlobular septal thickening and bronchovascular bundles
thickening may be observed. Crazy paving is less common, while unusual alterations are nodules,
cavitation, lymphadenopathies, pericardial effusion, pleural effusion, and pneumothorax. Although
unilateral pneumonia may be observed in early involvement, COVID-19 pneumonia is usually
multifocal and bilateral, commonly affecting peripheral and dorsal parts of the lungs. Alterations often
have lower lobes predominance, even if all lobes may be affected. GGO and patchy consolidations are
common findings in children[21].

e Typical appearance: peripheral and bilateral GGO or multifocal rounded GGO (both
regardless of the coexistence of consolidation or crazy paving), findings of organizing pneumonia
(OP) [Figure 3]

o Indeterminate appearance: nonrounded and nonperipheral GGO with either multifocal, diffuse,
perihilar, or unilateral distribution (with or without consolidation), few very small nonrounded GGO
with a nonperipheral distribution; absence of typical features [Figure 4]

o Atypical appearance: isolated lobar or segmental consolidation without GGO, discrete small
nodules (centrilobular or with a tree-in-bud appearance), lung cavitation, or smooth interlobular septal
thickening with pleural effusion; absence of typical or indeterminate features.

Conclusion

Early diagnosis of post-COVID-19 pneumonia is essential to prevent severe outcomes and improve
patient quality of life. Imaging techniques, biomarkers, and molecular diagnostics each play a critical
role in identifying this condition at an early stage. A multidisciplinary approach, combining clinical
evaluation with advanced diagnostic tools, is recommended for optimal patient care. Future research
should aim to address current limitations and explore emerging technologies to enhance early
diagnosis and treatment. Furthermore, both typical and indeterminate appearances cannot avoid DD.
Regarding the typical appearance, suggested DD includes viral pneumonia, especially influenza, acute
lung injury patterns, drug toxicity, and idiopathic or secondary diffuse lung diseases, especially those
related to connective tissue diseases (CTD). CT and possibly, CXR, may also give prognostic
information, evaluating the extent of lung involvement. However, CXR may fail in detecting early
alteration, even if it allows to avoid patients transporting, reducing the risk of cross infection. Possibly,
CXR and LUS might be utilized in combination for COVID-19 pneumonia screening, reducing the use
of CT in selected cases.
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	Рис.№1. Распределение больных по группам
	Таблица №1. Частота встречаемости неврологических синдромов у больных с СД-1.
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	т создания благоприятной  воздушной  среды  в  коровнике  в  значительной  мере  зависит
	реализация молочной продуктивности животных. Одной из вредных газовых составляющих атмосферы животноводческого помещения является аммиак NH3, бесцветный газ с едким запахом. В атмосферном воздухе находится в небольших концентрациях. Аммиак, раствор...
	Выводы
	ДолзарблигиС
	D-138 (синдекан-1) бу синдеканлар оиласига мансуб  протеогликанларнинг  вакили  бўлиб
	ҳисобланади. В лимфоцитларнинг табақаланишининг охирги босқичларида плазматик ҳужайраларнинг мембранасида экспрессияланади. Синдекан-1 коллаген, фибронектин ва тромбоспондин рецептори каби вазифани бажариб, фибробластларнинг асосий ўсиш факторига б...
	Плазмтик ҳужайралар юмалоқ ва овал шаклда бўлиб, диаметри ўртача 15-20 мкм ни ташкил қилади. Ёруғлик микроскопида кўрганда ядроси яхши ажралиб туради ва унда бўлакчаларга ажралган гетерохромотинни кўриш мумкин ва ядрочаси нисбатан йирикроқ бўлиб тиниқ...
	CD-138 – маркёр бундан ташқари бачадоннинг эндометрий қаватида жойлашган плазматик ҳужайраларда ҳам аниқланади ва сурункали эндометритнинг махсус кўрсаткичи бўлиб хизмат қилади.
	Сурункали эндометрит - бу бачадоннинг ички қаватининг яллиғланиши ҳисобланади. Сурункали эндометрит - бу срункали узоқ вақт яллиғланиш натижасида эндометрий қаватида структур морфологик ўзгаришларга олиб келади [6]. Сурункали эндометрит махсус (специ...
	Олинган натижаларда бачадоннинг строма қаватида маркернинг экспрессияси нисбатан кўпроқ кузатилди. Олинган материалнинг деярли барчасида турли даражада экспрессия аниқланди ва уларни экспрессияланиш даражасига қараб 2% гача экспрессияланганлар сони 7...
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	Aetiology
	The development of oral leukoplakia appears to be multifactorial in nature. However, the definitive cause is unclear. Smoking has been identified as the predominant risk factor, with oral leukoplakia six times more common in smokers. Alcohol is recogn...
	Epidemiology
	While reported rates of oral leukoplakia vary among different geographic regions and demographical groups, a recent systematic review and meta-analysis reported a pooled prevalence of 4.12% globally. Oral leukoplakia is more commonly seen in men and i...
	Clinical presentation
	The sites most commonly affected include the lateral and ventral tongue, buccal mucosa, and floor of the mouth, the latter site being frequently affected in populations with a high prevalence of smoking.
	Oral leukoplakia may be subclassified into homogeneous and non-homogeneous forms. Homogenous oral leukoplakia (Figure 1) is characterised by a predominantly flat, uniform, often well-demarcated white patch, with a consistent surface topography, and it...
	Malignant transformation of leukoplakia
	Low-risk oral leukoplakias
	High-risk oral leukoplakias
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	 Резюме
	Эхинококкоз печени является серьезной медицинской проблемой, особенно в эндемичных регионах. Осложнения заболевания, такие как прорыв кисты в желчные протоки с развитием механической желтухи, встречаются у 10–30% пациентов и значительно утяжеляют клин...
	Актуальность проблемы заключается в высокой частоте осложнений и диагностических трудностей, что требует дальнейшего совершенствования методов лечения и внедрения малоинвазивных технологий.
	Ключевые слова: Эхинококкоз печени, механическая желтуха, прорыв кисты в желчные протоки, цистобилиарные свищи, эндоскопия, осложнения.
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	 Rezyume
	Jigarning exinokokkozi, ayniqsa endemik mintaqalarda jiddiy tibbiy muammodir. Mexanik sariqlik rivojlanishi bilan oʼt yoʼllariga kistaning kirib borishi kabi kasallikning asoratlari bemorlarning 10-30% uchraydi va kasallikning klinik kechishini sezila...
	Muammoning dolzarbligi asoratlarning yuqori chastotasi va diagnostik qiyinchiliklarida yotadi, bu esa davolash usullarini yanada takomillashtirish va miniinvaziv texnologiyalarni joriy etishni talab qiladi.
	Kalit soʼzlar: jigar exinokokkozi, mexanik sariqlik, oʼt yoʼllariga kistaning yorilishi, sistobiliar oqmalar, endoskopiya, asoratlar.
	 Resume
	Hepatic echinococcosis is a serious medical issue, especially in endemic regions. Complications of the disease, such as cyst rupture into the bile ducts leading to the development of mechanical jaundice, occur in 10-30% of patients and significantly w...
	The relevance of the issue lies in the high frequency of complications and diagnostic challenges, which necessitates further improvement of treatment methods and the implementation of minimally invasive technologies.
	Key words: Echinococcosis of the liver, mechanical jaundice, cyst breakthrough into the bile ducts, cystobiliary fistulas, endoscopy, complications.
	Актуальность
	хинококкоз печени представляет  собой  серьезную  медицинскую  проблему,  особенно  в
	регионах с высоким уровнем эндемичности заболевания. В последние годы все больше внимания уделяется осложненным формам эхинококкоза, таким как прорыв кист в желчные протоки, приводящий к развитию механической желтухи, а при затяжном его течении до ...
	Эхинококкоз печени, осложненный прорывом кисты в желчные пути, представляет серьезную угрозу жизни пациента и является значительной клинической проблемой из-за трудностей в своевременной диагностике и лечении. Согласно исследованию Мохамеда и соавт. (...
	Клинические проявления во многом зависят от характера поражений желчных путей. Наиболее серьезным осложнением при прорыве кисты в желчные протоки является холангит. Хирургическое лечение эхинококкоза, осложнённого развитием желчных свищей, представляе...
	Согласно данным Курбонова К. М. и соавт., клиническая картина у этих пациентов может варьироваться от тяжёлой формы с выраженной симптоматикой, связанной с механической желтухой. Она характеризуется тяжелым течением и возникает при прорыве содержимого...
	Существуют также стертые клинические формы, при которых цистобилиарный свищ образуется с сегментарными желчными протоками. В этих случаях полной обтурации не происходит, так как крупные дочерние пузыри и частицы хитиновой оболочки не могут проникнуть ...
	Наблюдались и лёгкие формы заболевания, которые обусловлены небольшим перфоративным отверстием и сохранностью хитиновой оболочки паразита. В этих случаях присутствует только перицистобилиарный свищ, который является наиболее распространённой формой ци...
	Патологоанатомически процесс формирования свища проходит три стадии: 1) эрозивная, 2) стадия разрыва и 3) полная фистула. По мере роста паразита происходит увеличение всех компонентов кисты, что приводит к повышению внутрикистозного давления и растяже...
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