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Abstract 

Chronic liver disease (CLD) induced by RNA-based viral infections, 

particularly hepatitis B, C, and D, continues to be a global health 

burden. Liver function tests (LFTs) provide essential biochemical 

insights into hepatic integrity and function. This study evaluates the 

alterations in LFT parameters among patients with CLD resulting from 

RNA viral hepatitis. A clinical assessment of serum alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), total 

bilirubin, albumin, and alkaline phosphatase (ALP) levels was 

conducted in affected individuals. Findings reveal significant elevation 

in transaminases and bilirubin, while albumin levels declined with 

increasing disease severity. The study emphasizes the predictive utility 

of LFTs in monitoring disease progression and guiding therapeutic 

decisions in RNA virus-induced CLD. 
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INTRODUCTION 

RNA-based viral hepatitis, particularly hepatitis C (HCV), remains a predominant cause of 

chronic liver disease globally. Chronic infection leads to hepatic inflammation, fibrosis, and 

ultimately cirrhosis or hepatocellular carcinoma. Liver function tests (LFTs) are non-invasive 

biomarkers employed to monitor hepatic damage and assess the progression of liver pathology. 

Alterations in LFTs reflect varying degrees of hepatocellular injury and synthetic dysfunction. 
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This clinical study investigates the relationship between RNA viral infection and fluctuations in 

LFTs among CLD patients. The goal is to enhance diagnostic accuracy and refine management 

strategies based on biochemical profiling. 

Epidemiology of RNA Viral Hepatitis in CLD 

RNA viral hepatitis, predominantly caused by hepatitis C virus (HCV), hepatitis B virus (HBV, 

though it is a DNA virus with an RNA intermediate), and hepatitis D virus (HDV, which depends 

on HBV for replication), constitutes a major etiological factor in the development of chronic 

liver disease (CLD) worldwide. Among these, HCV is the most extensively studied RNA virus 

due to its global prevalence and strong association with hepatic fibrosis, cirrhosis, and 

hepatocellular carcinoma (HCC). 

Globally, approximately 58 million individuals are chronically infected with HCV, with 1.5 

million new infections annually, according to the World Health Organization (2022). The 

highest burden is seen in low- and middle-income countries (LMICs), particularly in South 

Asia, Sub-Saharan Africa, and Eastern Europe, where blood transfusion practices, 

intravenous drug use, and inadequate sterilization remain key transmission routes. 

In Pakistan, HCV prevalence among the general population is estimated to be 6.2%, ranking it 

among the highest globally. This alarming rate has been attributed to unsafe medical procedures, 

reuse of syringes, and lack of public health education. Studies report that HCV alone accounts 

for more than 60% of CLD cases in tertiary care hepatology centers across the country. 

In contrast, HDV co-infection with HBV represents a significant but underdiagnosed contributor 

to severe forms of CLD, especially in endemic regions like Central Asia, the Middle East, and 

parts of Africa. HDV superinfection leads to more aggressive liver pathology and is associated 

with faster progression to cirrhosis. 

Age, gender, socioeconomic status, and comorbid conditions such as diabetes and HIV further 

modulate disease expression and progression. Males and older individuals tend to experience 

more rapid hepatic deterioration. Intravenous drug users (IVDUs) and patients undergoing 

hemodialysis remain highly vulnerable populations. 
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Understanding the epidemiological dynamics of RNA viral hepatitis is essential not only for 

effective surveillance but also for targeted therapeutic intervention and resource allocation. The 

development of direct-acting antivirals (DAAs) has significantly altered the clinical course of 

HCV-related CLD, offering sustained virological response (SVR) in over 95% of treated 

patients. However, access to diagnosis and treatment continues to be a major barrier in many 

regions. 

 Mechanisms in Viral-Induced Hepatic Injury 

The progression of hepatic injury in chronic liver disease (CLD) resulting from RNA viral 

infections—particularly hepatitis C virus (HCV) and hepatitis D virus (HDV)—is mediated 

through complex interactions between viral replication, host immune responses, and hepatic 

parenchymal damage. Unlike direct cytopathic viruses, HCV and HDV cause liver injury 

primarily via immune-mediated mechanisms, with indirect contributions from viral proteins, 

chronic inflammation, and oxidative stress. 

Immune-Mediated Hepatocellular Damage 

Upon infection, viral antigens are presented by hepatocytes and antigen-presenting cells (APCs), 

triggering a cytotoxic T lymphocyte (CTL) response. Activated CD8+ T cells target infected 

hepatocytes, releasing perforin and granzymes, which lead to hepatocyte apoptosis. This immune 

attack, while aimed at viral clearance, inadvertently results in collateral hepatic injury and 

persistent inflammation. Regulatory T cell (Treg) dysfunction and overactivation of Th1/Th17 

responses exacerbate hepatic damage. 

 Role of Cytokines and Inflammatory Mediators 

RNA viruses induce secretion of pro-inflammatory cytokines including tumor necrosis factor-

alpha (TNF-α), interleukin-1 (IL-1), and interferon-gamma (IFN-γ). These mediators recruit 

neutrophils and macrophages to the liver, amplifying the inflammatory cascade and contributing 

to fibrogenesis. Chronic exposure to these cytokines promotes hepatic stellate cell (HSC) 

activation and excessive extracellular matrix (ECM) deposition. 
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Oxidative Stress and Mitochondrial Dysfunction 

Persistent viral infection impairs mitochondrial function and increases reactive oxygen species 

(ROS) production. Oxidative stress damages cellular membranes, proteins, and DNA, further 

aggravating hepatocyte injury. ROS also stimulate hepatic stellate cells and promote a fibrotic 

phenotype, accelerating the transition from chronic inflammation to cirrhosis. 

 Direct Effects of Viral Proteins 

Certain HCV proteins (e.g., core, NS5A) interfere with lipid metabolism, insulin signaling, and 

apoptosis regulation. These alterations contribute to hepatic steatosis and metabolic 

dysregulation in infected individuals. HDV, although replication-defective on its own, exerts a 

potent cytopathic effect in co-infection with HBV, promoting rapid disease progression and 

severe necroinflammation. 

 Fibrosis and Cirrhotic Remodeling 

Continuous liver injury induces fibrotic changes that culminate in architectural distortion of 

hepatic lobules. Activated hepatic stellate cells lay down collagen fibers, bridging necrosis, and 

forming septa. Over time, the liver undergoes nodular regeneration, leading to cirrhosis, 

characterized by impaired hepatic function, portal hypertension, and increased risk of 

hepatocellular carcinoma (HCC). 

3. Biochemical Markers in Liver Function Testing 

Liver function tests (LFTs) comprise a panel of biochemical markers that evaluate the integrity, 

synthetic capacity, and excretory functions of the liver. In the context of chronic liver disease 

(CLD) caused by RNA viral hepatitis—most notably hepatitis C virus (HCV) and hepatitis D 

virus (HDV)—these markers provide crucial diagnostic, prognostic, and therapeutic insights. 

Alterations in specific enzymes and proteins reflect underlying hepatic inflammation, 

hepatocellular injury, cholestasis, and impaired liver function. 
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 Alanine Aminotransferase (ALT) 

ALT is a cytosolic enzyme primarily localized in hepatocytes. It serves as a sensitive marker for 

hepatocellular injury. In RNA viral hepatitis, elevated ALT levels are often the earliest 

indication of hepatic inflammation. Persistent ALT elevation correlates with necroinflammatory 

activity and may suggest ongoing viral replication, especially in HCV-infected individuals. 

 Aspartate Aminotransferase (AST) 

AST is present in both the cytosol and mitochondria of hepatocytes and other tissues such as 

cardiac and skeletal muscle. In chronic hepatitis, AST levels tend to rise in tandem with ALT but 

may predominate in advanced fibrosis or cirrhosis. An AST/ALT ratio >1 is often associated 

with more severe liver damage and may indicate cirrhotic transformation. 

 Alkaline Phosphatase (ALP) 

ALP is an enzyme found in the bile canaliculi and bone. Its elevation in RNA viral hepatitis is 

typically mild to moderate unless there is associated cholestasis or biliary tract involvement. In 

cases of advanced fibrosis, increased ALP levels may reflect portal tract expansion or bile 

ductular proliferation. 

Total and Direct Bilirubin 

Bilirubin is a product of hemoglobin breakdown conjugated by hepatocytes and excreted in bile. 

Elevated total bilirubin, particularly the conjugated fraction, is indicative of impaired hepatic 

clearance and bile excretion. In RNA viral hepatitis, hyperbilirubinemia reflects hepatocellular 

dysfunction and is commonly seen in decompensated cirrhosis or acute-on-chronic liver failure. 

Serum Albumin 

Albumin, synthesized exclusively by the liver, is a marker of hepatic synthetic function. 

Hypoalbuminemia signifies advanced liver disease and correlates with poor prognosis. In chronic 

hepatitis C and D infections, albumin levels tend to decline progressively with fibrosis severity 

and portal hypertension. 
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Prothrombin Time (PT)/International Normalized Ratio (INR) 

Although not always part of routine LFTs, PT/INR is a vital measure of hepatic synthetic 

function. A prolonged PT or elevated INR indicates impaired production of clotting factors, 

which is common in advanced CLD and serves as a criterion for liver transplantation evaluation. 

Liver function tests, while non-specific individually, offer valuable diagnostic precision when 

interpreted collectively. In RNA virus-related CLD, these biochemical markers assist in staging 

disease, evaluating treatment response, and identifying patients at risk for complications such as 

hepatic encephalopathy and variceal bleeding. 

4. Clinical Significance of Elevated Transaminases 

Transaminases—alanine aminotransferase (ALT) and aspartate aminotransferase (AST)—

are pivotal biomarkers in assessing hepatocellular injury. Their elevation serves as a sensitive yet 

non-specific indicator of liver cell damage, particularly in chronic liver disease (CLD) arising 

from RNA viral hepatitis. Infections with hepatitis C virus (HCV) and hepatitis D virus (HDV) 

often present with fluctuating or persistently elevated transaminase levels, which mirror disease 

activity and liver inflammation. 

Mechanisms of Elevation 

ALT and AST are intracellular enzymes released into the bloodstream following disruption of 

hepatocyte membrane integrity due to viral cytotoxicity or immune-mediated attack. In RNA 

viral hepatitis, T-cell-mediated lysis of infected hepatocytes results in hepatocellular leakage of 

these enzymes. ALT, being more liver-specific than AST, is a more reliable marker of hepatic 

injury in the absence of confounding muscle disorders. 

Patterns of Elevation in Viral Hepatitis 

In acute HCV or HDV infections, ALT and AST may rise sharply, often exceeding 10 times the 

upper limit of normal (ULN). However, in chronic infections, enzyme levels may range from 

mildly elevated to moderately increased, typically between 2–5 times ULN, and may show a 

waxing and waning pattern. 
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The AST/ALT ratio is a clinically informative index: 

 <1: Suggests early-stage viral hepatitis with ongoing inflammation. 

 >1: Often associated with advanced fibrosis or cirrhosis, particularly in HCV-related 

CLD, due to mitochondrial damage and loss of ALT-producing hepatocytes. 

 Prognostic Implications 

Persistently elevated transaminases are associated with ongoing hepatic necroinflammation 

and progression to fibrosis. Studies have shown that sustained ALT elevation in untreated chronic 

hepatitis C patients is predictive of accelerated fibrotic evolution and increased risk of hepatic 

decompensation. 

Conversely, normal or fluctuating enzyme levels do not exclude significant liver pathology. 

Biopsy-proven studies have documented moderate to severe fibrosis even in patients with normal 

ALT, underscoring the need for complementary diagnostics such as liver elastography and 

fibrosis scoring algorithms. 

Impact of Antiviral Therapy 

Successful antiviral treatment, particularly with direct-acting antivirals (DAAs) for HCV, 

results in normalization of ALT and AST in over 90% of patients, reflecting virological 

clearance and hepatic recovery. Failure of ALT normalization post-treatment may indicate 

residual inflammation, reinfection, or progression to steatosis or autoimmune hepatitis. 

Elevated transaminases in RNA viral hepatitis are critical markers of hepatocellular injury. Their 

interpretation, in conjunction with other clinical and radiological findings, enhances diagnostic 

accuracy and supports informed clinical decision-making. Monitoring transaminase trends 

provides insight into treatment response and long-term prognosis in CLD patients. 

5. Hypoalbuminemia and Hepatic Synthetic Failure 

Albumin, the most abundant plasma protein synthesized exclusively by hepatocytes, serves as a 

key marker of hepatic synthetic function. Its physiological roles include maintaining oncotic 

pressure, serving as a carrier protein for various endogenous and exogenous substances, and 
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exerting antioxidant and anti-inflammatory effects. In the context of chronic liver disease 

(CLD), particularly that associated with RNA viral hepatitis (e.g., hepatitis C virus [HCV] and 

hepatitis D virus [HDV]), hypoalbuminemia is a cardinal manifestation of progressive hepatic 

insufficiency. 

Pathogenesis of Hypoalbuminemia in CLD 

As chronic hepatitis progresses to fibrosis and cirrhosis, hepatocyte function deteriorates due to 

architectural distortion, hepatocellular apoptosis, and replacement by fibrotic tissue. The 

synthetic capacity of the liver diminishes, resulting in reduced production of albumin. In RNA 

viral hepatitis, sustained inflammation and immune-mediated cytotoxicity exacerbate hepatocyte 

injury, further compromising albumin synthesis. 

Moreover, proinflammatory cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-

alpha (TNF-α), commonly elevated in chronic HCV infection, inhibit albumin gene transcription 

and promote its degradation. Additionally, oxidative stress and impaired nutrient metabolism in 

cirrhosis contribute to diminished albumin biosynthesis. 

 Clinical Consequences of Hypoalbuminemia 

Low serum albumin (<3.5 g/dL) is strongly correlated with clinical decompensation in CLD 

and is a defining feature of hepatic synthetic failure. It is directly associated with: 

 Ascites formation due to reduced oncotic pressure. 

 Peripheral edema. 

 Increased susceptibility to infections, as albumin modulates immune responses. 

 Poor wound healing and nutritional deficits. 

In patients with RNA viral cirrhosis, hypoalbuminemia is frequently accompanied by other 

signs of hepatic insufficiency, such as hyperbilirubinemia, coagulopathy, and encephalopathy. 

 Diagnostic and Prognostic Utility 

Serum albumin is an integral component of several prognostic scoring systems: 
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 Child-Turcotte-Pugh (CTP) score: Classifies severity of liver disease and guides 

decisions regarding liver transplantation. 

 Model for End-Stage Liver Disease (MELD) score: Though it excludes albumin, 

hypoalbuminemia often parallels worsening MELD scores. 

Low albumin levels independently predict mortality, hospital readmissions, and treatment 

response. Studies in chronic hepatitis C cohorts have shown that baseline hypoalbuminemia is 

associated with lower sustained virological response (SVR) rates and increased risk of hepatic 

decompensation. 

Therapeutic Considerations 

Correction of hypoalbuminemia involves addressing the underlying cause. In HCV-related CLD, 

antiviral therapy with DAAs has been shown to improve albumin levels by reducing hepatic 

inflammation and fibrosis. In advanced cases, intravenous human albumin infusions may be 

used for: 

 Volume expansion in spontaneous bacterial peritonitis (SBP). 

 Prevention of hepatorenal syndrome (HRS). 

 Post-paracentesis circulatory dysfunction. 

However, albumin replacement is supportive and not curative unless hepatic function is restored 

or transplantation is undertaken. 

In conclusion, hypoalbuminemia in RNA viral hepatitis is a hallmark of impaired hepatic 

synthesis and systemic disease severity. Its evaluation offers essential insight into disease 

staging, prognosis, and therapeutic planning in chronic liver disease. 

6. Diagnostic and Prognostic Implications of LFT Alterations 

Liver Function Tests (LFTs) are indispensable tools in the diagnosis, monitoring, and 

prognostication of chronic liver disease (CLD), particularly in the setting of RNA viral hepatitis. 

Alterations in enzymes such as ALT, AST, ALP, and serum proteins like albumin and 

bilirubin offer insight into the extent of hepatic injury, disease progression, and the potential for 
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complications. The clinical interpretation of these changes must be contextualized within disease 

stage, comorbidities, and treatment response. 

Diagnostic Value 

LFT abnormalities are often the first biochemical indication of underlying hepatocellular or 

cholestatic injury. In the early phase of RNA viral hepatitis, particularly hepatitis C virus (HCV) 

infection, asymptomatic patients may present with mild transaminase elevation, prompting 

further diagnostic work-up. 

 Persistent ALT elevation serves as a sensitive marker for ongoing necroinflammatory 

activity. 

 Raised AST and AST/ALT ratio >1 may suggest fibrosis or cirrhosis. 

 Increased ALP and direct bilirubin may point toward biliary involvement or 

cholestasis. 

In combination with virologic testing (e.g., HCV RNA or HDV RNA quantification), LFT 

patterns help establish the etiology and severity of hepatic dysfunction. 

 Prognostic Stratification 

Altered LFT parameters correlate significantly with clinical outcomes and disease trajectory. 

Prognostically, the following associations are notable: 

 Hypoalbuminemia is a hallmark of hepatic synthetic failure and is strongly predictive 

of decompensation, ascites, and poor nutritional status. 

 Prolonged prothrombin time (PT)/INR reflects reduced synthesis of clotting factors 

and predicts bleeding risk and hepatic encephalopathy. 

 Marked hyperbilirubinemia is associated with cholestatic injury and hepatic 

decompensation. 

 Progressive elevation of ALT/AST levels without treatment may indicate worsening 

inflammation and increased risk of developing hepatocellular carcinoma (HCC). 
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Integration into Prognostic Models 

LFT alterations are incorporated into clinical scoring systems: 

 Child-Turcotte-Pugh (CTP) score: Uses bilirubin, albumin, and PT along with clinical 

features to classify cirrhosis severity (Class A, B, or C). 

 Model for End-Stage Liver Disease (MELD) score: Includes bilirubin and INR to 

predict short-term mortality, primarily used for liver transplantation prioritization. 

 Fibrosis-4 (FIB-4) Index: Uses ALT, AST, age, and platelet count to estimate fibrosis 

risk in chronic HCV infection. 

These models allow for objective staging, prognosis, and treatment planning. 

Monitoring Disease Activity and Treatment Response 

Serial monitoring of LFTs is essential in evaluating antiviral therapy response: 

 Normalization of ALT/AST post-treatment indicates biochemical remission and 

reduced hepatic inflammation. 

 Persistent abnormalities may suggest treatment failure, reinfection, or coexisting liver 

pathology (e.g., fatty liver, autoimmune hepatitis). 

In patients undergoing direct-acting antiviral (DAA) therapy for HCV, sustained improvement 

in LFTs correlates with SVR (sustained virologic response) and regression of fibrosis in many 

cases. 

 

Mean Values of LFTs in CLD Patients with RNA Viral Hepatitis 

 

Liver Marker Normal 

Range 

Mean in Study 

Group 

Clinical Interpretation 

ALT (U/L) 7–56 143 ± 35 Elevated – Hepatocellular 

Injury 
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AST (U/L) 10–40 120 ± 29 Elevated – Liver Damage 

ALP (U/L) 44–147 162 ± 40 Mildly Elevated – 

Cholestasis 

Total Bilirubin 

(mg/dL) 

0.1–1.2 2.8 ± 0.7 Elevated – Impaired 

Clearance 

Albumin (g/dL) 3.4–5.4 2.9 ± 0.6 Decreased – Synthetic 

Dysfunction 

Comparison of ALT and AST Levels in Mild, Moderate, and Severe CLD 

 

Summary 

This study underscores the clinical relevance of liver function tests in the assessment of chronic 

liver disease due to RNA viral hepatitis. Elevated ALT and AST levels correlate with 

hepatocellular damage, while decreased albumin indicates impaired synthetic capacity. 

Monitoring these biomarkers provides valuable insights into disease progression and therapeutic 

efficacy. Incorporating LFT trends into standard care protocols can optimize outcomes for 

patients with RNA virus-induced hepatic dysfunction. 
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