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The gamma-glutamyl transpeptidase to platelet ratio: a good noninvasive biomarker for predicting for the occurrence and prognosis of patients with hepatitis E virus-related acute liver failure
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Background: The relationship between GPR and hepatitis E has not been reported. This study evaluates the GPR levels in AHE patients and HEV-ALF patients and explores the role of GPR levels in the prognosis of HEV-ALF patients, offering new strategies and methods for the diagnosis and prognosis of HEV-ALF patients.

Methods: Serum samples were collected from 206 AHE patients and 217 HEV-ALF patients admitted to the First Affiliated Hospital of Zhejiang University School of Medicine, Suzhou Yongding Hospital, and Nanjing Medical University Affiliated Suzhou Hospital between January 1, 2017, and November 30, 2024.

Results: The GPR level in the HEV-ALF group was significantly higher than in the AHE group (p < 0.001). OPLS-DA analysis revealed that INR, TBIL, PLT, GPR, TCH, ALT, AFP, TP, ALB, and AST were the major influential factors for the occurrence of HEV-ALF. GPR showed good diagnostic performance with an AUC of 0.701. DCA further supported the utility of GPR across a range of threshold probabilities. Regarding the prediction of 30-day mortality, GPR levels were significantly higher in the non-survival group compared to the survival group (p < 0.001). OPLS-DA analysis highlighted GPR as the most influential factor for predicting 30-day mortality. GPR demonstrated an AUC of 0.703. DCA results also indicated GPR’s strong decision-making ability for predicting 30-day mortality in HEV-ALF patients.

Conclusion: GPR is highly expressed in HEV-ALF patients and is closely related to their prognosis.
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Introduction

Hepatitis E is a liver disease caused by the hepatitis E virus (HEV) and is one of the main causes of acute viral hepatitis (AVH) worldwide (1, 2). HEV is primarily transmitted through the fecal-oral route (3). Currently, there are four well-characterized genotypes of HEV that infect mammals (4). Genotypes 1 and 2 are restricted to humans, while genotypes 3 and 4 cause zoonotic infections with a wide range of hosts (5, 6). Although hepatitis E typically results in asymptomatic infection and self-limiting disease, some patients exhibit typical symptoms of acute hepatitis and may even develop acute liver failure (ALF), leading to death, particularly in pregnant women, the elderly, and those with underlying liver disease. The global mortality rate for HEV is 1–2%, but in developing countries, about 20–40% of acute hepatitis E patients may progress to acute liver failure. This rate increases to 50% in pregnant women with HEV infection and up to 75% in patients with pre-existing liver conditions (7, 8). Therefore, timely diagnosis of HEV-related acute liver failure (HEV-ALF) is crucial.

The treatment of acute liver failure emphasizes early diagnosis and treatment, active prevention of complications, and dynamic assessment of the patient’s condition. Accurate and efficient early prognosis evaluation is essential for preventing the deterioration of acute liver failure (9, 10). Currently, TBIL, prothrombin or INR, serum creatinine, prealbumin, and platelet count have some value in assessing the prognosis of acute liver failure (11, 12). However, these indicators cannot precisely evaluate the patient’s prognosis, and there are no specific prognostic biomarkers for HEV-ALF in clinical practice (13). Therefore, identifying effective new prognostic biomarkers for HEV-ALF patients is beneficial for precise diagnosis and can effectively prevent the progression of liver disease, holding significant clinical importance.

In recent years, a new simple laboratory index, the gamma-glutamyl transpeptidase (GGT)-to-platelet ratio (GPR), has been primarily used as a clinical indicator for diagnosing fibrosis (14, 15). Gamma-glutamyl transpeptidase (GGT) plays an important physiological role, especially in the absorption, distribution, and synthesis of amino acids and proteins (16). In normal individuals, serum GGT mainly originates from the liver. Therefore, abnormalities in this indicator may suggest liver dysfunction, such as chronic hepatitis, liver cirrhosis, intrahepatic bile duct inflammation, alcoholic liver disease, and liver cancer (17, 18). In patients with liver cirrhosis, portal hypertension can lead to splenomegaly and hypersplenism, which inhibit bone marrow function and result in decreased platelet count (16). Thus, when both GGT and platelet count are abnormal, the GPR value changes (19). Through biochemical testing, it is possible to further determine whether liver function is abnormal, providing good diagnostic significance and value for viral hepatitis such as hepatitis B or liver cirrhosis. However, the relationship between GPR and hepatitis E has not been reported. This study evaluates the GPR levels in AHE patients and HEV-ALF patients and explores the role of GPR levels in the prognosis of HEV-ALF patients, offering new strategies and methods for the diagnosis and prognosis of HEV-ALF patients.



Patients and methods


Study populations

In this study, serum samples were collected from 206 AHE patients and 217 HEV-ALF patients admitted to the First Affiliated Hospital of Zhejiang University School of Medicine, Suzhou Yongding Hospital, and Nanjing Medical University Affiliated Suzhou Hospital between January 1, 2017, and November 30, 2024. Clinical baseline characteristics, laboratory indicators, length of stay, and diagnostic data were recorded at admission and discharge. Patients were followed up for 30 days post-discharge. Survival data were collected through medical records or direct contact with patients or their families, with death or liver transplantation as the study endpoints. This study was recorded in the National Human Resources Database (CJ1253) and approved by the Ethics Committee of the First Affiliated Hospital of Zhejiang University School of Medicine (2020454) and the Ethics Committee of Suzhou Hospital Affiliated to Nanjing Medical University (K2022080H01). All subjects signed informed consent forms.

The diagnostic criteria for hepatitis E are based on the “Diagnostic Criteria for Viral Hepatitis E (WS-2008)” issued by the Ministry of Health in 2008 (20). The specific criteria are as follows: (1) positive serum anti-HEV IgM, and/or a more than two-fold increase in anti-HEV IgG titer, and/or detectable HEV RNA. (2) Clinical manifestations consistent with acute hepatitis, including elevated liver enzymes and/or jaundice and/or non-specific symptoms such as fatigue, itching, and nausea.

The diagnostic criteria for hepatitis E-related acute liver failure (HE-ALF) are based on the “Guidelines for Diagnosis and Treatment of Liver Failure (2012 edition)” (21). The specific criteria are as follows: Acute onset, with hepatic encephalopathy (HE) of grade 1 or higher occurring within 2 weeks, accompanied by the following manifestations: (1) extreme fatigue, along with significant anorexia, abdominal distension, nausea, vomiting, and other severe gastrointestinal symptoms. (2) Progressive deepening jaundice in the short term, with serum total bilirubin ≥10 times the upper limit of normal or daily increase ≥17.1 μmol/L. (3) Bleeding tendency, with prothrombin activity ≤40% or international normalized ratio (INR) ≥1.5, excluding other causes. (4) Progressive liver shrinkage.

The exclusion criteria for patients were: (1) co-infection with other hepatitis viruses. (2) Receipt of drugs that may cause severe liver damage within 3 months before admission. (3) Presence of malignant diseases, including hepatocellular carcinoma. (4) Blood disorders. (5) Pregnancy. (6) Prior liver transplantation. (7) Co-infection with HIV or parasites. (8) Autoimmune diseases.



Anti-HEV IGM and IGG antibodies detection

To detect anti-HEV IgM and IgG antibodies, HEV enzyme-linked immunosorbent assay (ELISA) kits (WANTAI BioPharm, Beijing, China) were employed. The assay determined positivity based on the optical density (OD) in serum samples. An OD >1.1 was designated as positive, while an OD ≤1.1 was deemed negative.



HEV RNA detection

To detect HEV RNA, real-time quantitative PCR (qPCR) was employed. The extraction of total viral RNA from serum samples was carried out using Aikang virus nucleic acid purification kits (Aikang MedTech Co., Ltd., Shenzhen, China).



GPR calculation

GPR scores were calculated as described previously using the following formula [where the upper limit of normal (ULN) for GGT = 24 U/L] (22):
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Statistical analysis

SPSS 22.0 and GraphPad Prism 9 were used for statistical analysis. The measurement data of normal distribution were expressed as mean ± standard deviation ([image: image] ± s), and a t-test was used for inter-group comparison. The measurement data of non-normal distribution were expressed as median (quartile), and Mann–Whitney U test was used for comparison between groups. The chi-square test was used to compare the data groups. SIMCA was utilized for data analysis, employing orthogonal partial least squares discriminant analysis (OPLS-DA). The MedCalc software (MedCalc Software Ltd., Ostend, Belgium) was employed to calculate the area under the receiver operating characteristic curve (AUC), sensitivity, and specificity. To assess the utility of GPR for assisted decision-making at various threshold probabilities, decision curve analysis (DCA) was used. A p < 0.05 was considered statistically different.




Results


Baseline characteristics of the enrolled patients

There were no significant differences in age and sex between the AHE and HEV-ALF groups (both p > 0.05). Statistically significant differences were observed in the ALT, AST, total protein, albumin, TBIL, INR, total cholesterol, alpha-fetoprotein, and platelet count between the two groups (p < 0.05). In contrast, there were no statistically significant differences in the levels of white blood cell count, C-reactive protein, gamma-glutamyltransferase, urea nitrogen, and creatinine (p > 0.05) (Table 1). Notably, the GPR level in the HEV-ALF group was significantly higher than that in the AHE group (p < 0.001).



TABLE 1 Analysis of baseline characteristics of AHE and HEV-ALF population.
[image: Table1]



Diagnostic performances for the occurrence of HEV-ALF patients

OPLS-DA analysis was performed to evaluate and rank the influences of the baseline parameters on the occurrence of HEV-ALF patients. Distinct dot clusters of the AHE group and the HEV-ALF group are observed in Figures 1A,B. Loading plot revealed 10 parameters as major influential factors for the occurrence of HEV-ALF patients (i.e., INR, TBIL, PLT, GPR, TCH, ALT, AFP, TP, ALB and AST level) (Figures 1C,D).

[image: Figure 1]

FIGURE 1
 OPLS-DA was used to evaluate the diagnostic performances for the occurrence of HEV-ALF patients. (A) Receiver operating characteristics between the HEV-ALF and AHE patients. (B) The HEV-ALF and AHE patients can be well distinguished. (C) The relation of each parameter to the predictive component and first orthogonal component was revealed. (D) The more left, the higher predictive VIP pred value.


GPR demonstrated good diagnostic utility to detect the occurrence of HEV-ALF patients with an AUC of 0.701 [95% confidence interval (CI) (0.655–0.745); p < 0.0001] (Figure 2A). A cut-off GPR value of 1.04 demonstrated optimal sensitivity of 61.75% and specificity of 67.96% with a positive predictive value (PPV) of 67.0% and negative predictive value (NPV) of 62.8%.

[image: Figure 2]

FIGURE 2
 Prediction ability of GPR for HEV-ALF occurrence. (A) ROC curve analysis. (B) Evaluation of the benefit in assisting decision-making at different threshold probabilities using DCA.


In addition, decision curve analysis (DCA) was employed to further evaluate the net benefit of GPR in assisting decision-making at different threshold probabilities. As shown in Figure 2B, GPR demonstrated consistent performance across the entire threshold probability range.



Prediction capability in the 30-day mortality of patients with HEV-ALF

A total of 217 HEV-ALF patients were followed up for 30 days, and 36 of them died. Therefore, we were divided into 30-day HEV-ALF survival group and HEV-ALF death group. Baseline analysis revealed that the GPR level in the HEV-ALF non-survival group was significantly higher than that in the HEV-ALF survival group (p < 0.001) (Table 2).



TABLE 2 Analysis of baseline characteristics of HEV-ALF survival group and HEV-ALF death group.
[image: Table2]

OPLS-DA analysis was performed to evaluate and rank the influences of the baseline parameters on the 30-day mortality of HEV-ALF patients. Distinct dot clusters of the HEV-ALF survival group and the HEV-ALF death group are observed in Figures 3A,B. Loading plot revealed GPR as the first influential factor for prediction capability in the 30-day mortality of HEV-ALF patients (Figures 3C,D).

[image: Figure 3]

FIGURE 3
 OPLS-DA was used to evaluate and rank the influences of the baseline parameters on the 30-day mortality of HEV-ALF patients. (A) Receiver operating characteristics between the HEV-ALF survival group and death group. (B) The HEV-ALF survival group and death group can be well distinguished. (C) The relation of each parameter to the predictive component and first orthogonal component was revealed. (D) The more left, the higher predictive VIP pred value.


The AUC of prediction capability of GPR in the 30-day mortality of patients with HEV-ALF was 0.703 (0.637–0.763), with sensitivity of 55.56% and specificity of 84.53% (Figure 4A). In addition, DCA findings also indicated that GPR exhibited high decision-making ability for predicting the 30-day mortality (Figure 4B).

[image: Figure 4]

FIGURE 4
 Prediction ability of GPR for the 30-day mortality of patients with HEV-ALF. (A) ROC curve analysis. (B) Evaluation of the benefit in assisting decision-making at different threshold probabilities using DCA.





Discussion

The mortality rate of acute hepatitis E infection is very low, possibly less than 1%, but the prognosis is worse in elderly patients and those with chronic liver disease. Severe vertical transmission of acute hepatitis E infection in pregnant women can lead to acute liver failure in more than half of the newborns (23). In the process of hepatitis E virus (HEV) infection leading to acute liver failure, immunosuppressed patients may experience persistent hepatitis symptoms and viremia, and the infection can transition from acute to chronic (24). Although the overall prognosis of HEV-related liver failure is relatively good, the mortality rate can exceed 50% in patients who cannot receive emergency liver transplantation (25). Accurate early diagnosis and prognosis assessment can help clinicians develop the best treatment plan, improve the clinical efficacy of HEV-ALF, and reduce patient mortality.

The γ-glutamyltransferase (GGT) to platelet/(PLT) ratio (GPR) is a commonly used indicator for assessing liver function, reflecting the progression of liver lesions, especially during the hyperactive synthesis or bile excretion obstruction phase within the liver during the process of fibrotic tissue proliferation and repair (26). Serum GGT levels can show a significant increase during these phases. In the progression from chronic hepatitis B (CHB) to cirrhosis, the intrahepatic portal venous pressure gradually increases, which can lead to splenic congestion and enlargement, resulting in hypersplenism and a decrease in platelet count, thereby causing an elevation in the GGT/PLT ratio. However, the accuracy of using blood indicators to evaluate liver parenchymal lesions is relatively poor (17). In this study, we first compared the GPR levels between the AHE group and the HEV-ALF group, and the results showed that the GPR level in the HEV-ALF group was significantly higher than that in the AHE group. OPLS-DA analysis also indicated that GPR is an important factor affecting the progression to severe disease in AHE patients. The ROC level for GPR in predicting the progression to severe disease in AHE patients reached 0.701, and decision curve analysis (DCA) showed that GPR performed well across the entire range of threshold probabilities. As a non-invasive and clinically common detection indicator, GPR has significant clinical value and is highly beneficial for clinical practice, especially for widespread application and promotion in primary healthcare institutions.

More significantly, GPR demonstrated superior performance in assessing the prognosis of HEV-ALF patients. Among the 217 HEV-ALF patients divided into 30-day survival and mortality groups, the GPR level was notably higher in the mortality group compared to the survival group. OPLS-DA analysis found that loading plot revealed GPR as the first influential factor for prediction capability in the 30-day mortality of HEV-ALF patients. Subsequent evaluation of GPR’s predictive capacity for 30-day mortality in HEV-ALF patients showed an area under the curve (AUC) of 0.703 (0.637–0.763), with a sensitivity of 55.56% and specificity of 84.53%, indicating that GPR serves as a promising novel biomarker for prognostic assessment in HEV-ALF patients.

This study has the following limitations: first, it lacks data on the dynamic changes in GPR levels, and the correlation between GPR levels and the progression of HEV-ALF patients’ conditions warrants further investigation. Second, although the study population is from multiple centers, the genotypes of the study population were not analyzed, and the value of GPR in different genotype populations was not assessed. Third, it lacks a comparison of diagnostic efficacy between GPR and conventional indicators such as INR and MELD in this study. Fourth, the mechanism by which GPR mediates the progression of severe hepatitis E is still unclear.

In summary, this study shows that GPR is highly expressed in HEV-ALF patients and is closely related to their prognosis. GPR has the potential to become a good new non-invasive marker for assessing the severity and prognosis of hepatitis E patients.
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Age (years)

Gender (male/

female)

WBC (10'L)

ALT (U/L)

AST (UIL)

GGT (UIL)

TP (g/L)

ALB (g/1)
TBIL (umol/L)
UREA (mmol/L)
CR (umol/L)
INR

CRP (mg/L)
TCH (mmol/L)
AFP (ng/mL)
PLT (10°/L)
GPR

AHE group

(n = 206)

57.03+ 1358
119/87

5.83 (4.58,7.58)

53100 (227.75,
931.50)

239.00 (116,75,
624.50)

144.00 (76.88, 230.25)
63142658
36354567

38,82 (24.66, 115.00)

5.08 (3.69, 6.46)
69.00 (54.78, 101.62)
1.07 (100, 1.25)
9.68 (3.84,21.78)
3842124
41,30 (3.80, 161.08)
20694 £ 7699

0.84 (047, 1.15)

HEV-ALF group
(n=217)

58.16 11,56
138/79
6.30 (4.86,7.80)

701.00 (281.95, 1501.00)

440.50 (123.50, 852.70)

149.90 (101,60, 228.45)
60.27£7.55
34234518

173,69 (97.02, 262.90)

4.61(3.52,6.84)
67.00 (54.20,97.75)
1.84(1.63, 2.10)
1250 (5.80, 19.85)
322+ 114
78.90 (7.6, 319.25)
150.28 £ 65.17

1.18(0.78, 1.57)

0362

0220

0.094

0.003

0.009

0070

<0.001

<0.001

<0001

0447

0183

<0.001

0154

<0001

0.003

<0.001

<0.001
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Variables HEV-ALF survival group (n = 181) HEV-ALF death group (n = 36)

Age (years) 57,65+ 11.90 60.72+9.38 0.145
Gender (male/female) 114767 2412 0675
WBC (10'L) 6,30 (5.08,7.90) 6.20/(452,7.45) 0334
ALT (UIL) 683,80 (243.25, 1559.00) 869.60 (442,42, 1365.20) 0370
AST (UIL) 440,50 (123.50, 895.25) 44495 (106.20, 793.00) 0.664
GGT (U/L) 148.70 (96.95, 224.50) 17065 (117.50, 259.12) 0.116
TP (g/L) 60.677.58 58.26+7.15 0.081

ALB (g/L) 34442534 3316+423 0178
TBIL (umol/L) 148.80 (78.97, 247.71) 30931 (178.20, 358.35) <0.001
UREA (mmol/L) 451(352,672) 536 (3.44,7.42) 0224
CR (pmol/L) 66.40 (54.65,93.50) 68.70 (45.38, 103.62) 0.963
INR 1.79.(1.60,2.07) 2.06(1.82, 2.66) <0.001
CRP (mg/L) 12.41 (560, 19.85) 13.65 (689, 20.36) 0.600
TCH (mmol/L) 3214118 3264098 0819
AFP (ng/mL) 77.64(9.23,31434) 79.50 (5.63, 388.81) 0.838
PLT (10°/L) 15372 £ 66.22 13297 £ 57.35 0.081

GPR 1.14(0.76, 1.45) 170 (106, 2.49) <0.001
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