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Abstract
AIM: To evaluate serum complement C4a and its relation to liver fibrosis in children with chronic hepatitis C virus (HCV) infection. 

METHODS: The study included 30 children with chronic HCV infection before receiving antiviral therapy. Chronic HCV infection was defined by positive anti-HCV, a positive polymerase chain reaction for HCV-RNA for more than 6 mo with absence of any associated liver disease.  A second group of 30 age- and sex-matched healthy children served as controls. Serum C4a levels were measured by enzyme-linked immunosorbent assay. Liver fibrosis stage and inflammatory grade was assessed using Ishak scoring system. Serum C4a levels were compared according to different clinical, laboratory and histopathological parameters. Statistical significance for quantitative data was tested by Mann-Whitney U non-parametric tests. For qualitative data, significance between groups was tested by χ2 test. Correlation was tested by Spearman’s test. Results were considered significant if P-value ≤ 0.05.

RESULTS: The age of the patients ranged from 3.5 to 18 years and that of controls ranged from 4 to 17 years. C4a mean levels were merely lower in patients (153.67 ± 18.69 mg/L) than that in the controls (157.25 ± 11.40 mg/L) with no statistical significance (P = 0.378). It did not differ significantly in patients with elevated vs those with normal transaminases (152.25 ± 16.62 vs 155.36 ± 21.33; P = 0.868) or with different HCV viremia (P = 0.561). Furthermore, there was no statistical significant difference in serum levels between those with no/mild fibrosis and those with moderate fibrosis (154.65 ± 20.59 vs 152.97 ± 17.72; P = 0.786) or minimal and mild activity (155.1 ± 21.93 vs 152.99 ± 17.43; P = 0.809). Though statistically not significant, C4a was highest in fibrosis score 0 (F0), decreasing in F1 and F2 to be the lowest in F3. When comparing significant fibrosis (Ishak score ≥ 3) vs other stages, C4a was significantly lower in F3 compared to other fibrosis scores (143.55 ± 2.33 mg/L vs 155.26 ± 19.64 mg/L; P = 0.047) and at a cutoff value of less than 144.01 mg/L, C4a could discriminate F3 with 76.9% sensitivity and 75% specificity from other stages of fibrosis.

CONCLUSION: Serum complement C4a did not correlate with any of transaminases, HCV viremia or with the histopathological scores. Although C4a decreased with higher stages of fibrosis, this change was not significant enough to predict individual stages of fibrosis. Yet, it could predict significant fibrosis with acceptable clinical performance.
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Core tip: Non-invasive prediction of liver fibrosis is a challenging issue especially in pediatric population. Complement C4a was found, by proteomic analysis, to be associated with liver fibrosis and therefore proposed as a candidate for fibrosis prediction. In adults, serum C4 was found to decrease in hepatitis C virus (HCV) patients with moderate fibrosis and cirrhosis compared to healthy controls. In addition, in advanced HCV-induced liver fibrosis, the net production of C4a was found to be down-regulated. Furthermore, it was found to correlate negatively with alanine transaminase and the histological activity index of the Knodell scoring system. The issue has never been investigated in children before.
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INTRODUCTION
Hepatitis C virus (HCV) is a serious health problem affecting more than 170 million people worldwide[1]. It establishes a chronic infection in up to 85% of cases[2]. Estimates range from less than 1.0% in northern Europe to more than 2.9% in northern Africa[3]. In children younger than 11 years, worldwide seroprevalence of HCV is 0.2% and in those older than 11 years it is 0.4%[1]. Egypt reports the highest prevalence worldwide ranging from 8.7% in upper Egypt to 24.3% in lower Egypt with an average of 13.8%[2,4]. The main (90%) HCV genotype is type 4. Studies of the magnitude of HCV infection in Egyptian children revealed a prevalence of 3% in upper Egypt and 9% in lower Egypt[5]. 
HCV causes intrahepatic lobular inflammation resulting in fibrosis and eventually cirrhosis[6]. Fibrosis prediction is an essential part of the assessment and management of patients with chronic HCV, worsening of which is probably the best surrogate marker for progression of chronic liver disease[7]. Liver biopsy represents the gold-standard for evaluating fibrosis; however, developing non-invasive tests that can predict liver fibrosis, especially in pediatric population, represents a growing medical need[8].
Conventional biochemical and serological tests are of little value for diagnosis of the degree of liver fibrosis. However, a liver biopsy is sometimes of questionable value because of the heterogeneous distribution of pathological changes in the liver[9]. Blood-based biomarkers offer a number of advantages including safety, cost-savings and wide spread accessibility. Although liver biopsy is the gold-standard, it can have life-threatening complications in both adults and children[10,11]. 
Current serum biomarkers of fibrosis include indirect measures of fibrosis (such as transaminases and platelet count) or direct measures of fibrinogenesis or fibrinolysis (such as hyaluronic acid)[12]. The serum also contains all tissue proteins as leakage markers. Since the liver makes many serum proteins, it is logical to expect that the serum proteome may reflect liver disease[13].
A recent study, using proteomic analysis of serum from adult patients with chronic HCV infection, revealed that complement C4a was a candidate to predict liver fibrosis[14]. Complement C4 is a polymorphic serum protein consisting of two isoforms, C4a and C4b. C4 is expressed primarily in the liver and in macrophages, and its expression is induced in response to acute inflammation or tissue injury[15]. In adults, serum C4 was found to decrease in HCV patients with moderate fibrosis and cirrhosis compared to healthy controls. But in advanced HCV-induced liver fibrosis, the net production of C4a was found to be down-regulated[16]. Furthermore, it was found to correlate negatively with alanine transaminase (ALT) and the histological activity index of the Knodell scoring system[17]. The issue was not investigated in children before.
We aimed to evaluate serum C4a and its relation to liver fibrosis in children with chronic HCV infection. 

MATERIALS AND METHODS
Study population
The study included 30 children with chronic hepatitis C recruited from outpatients and inpatients of Pediatric Hepatology department, National Liver Institute, Menofiya University. Diagnosis was based on serological and virological tests; complete blood count (CBC), liver function tests (LFTs), prothrombin time, anti-HCV antibody (Ab), qualitative and quantitative polymerase chain reaction (PCR) for HCV-RNA. Histopathological findings in liver biopsies, the grade of inflammatory activity and the stage of the disease were also evaluated. A second group of 30 healthy children, served as controls. A signed informed consent was obtained from the parents of all the patients and controls before enrollment in the study. The study was approved by the Research Ethics Committee of the National Liver Institute. 

Etiological diagnosis
Chronic HCV infection was defined by positive anti-HCV, a positive PCR for HCV-RNA for more than 6 mo, negative hepatitis B viral markers and absence of any associated liver disease. This was supported by the histopathological features of HCV infection in liver biopsy. Patients with decompensated liver disease or cirrhosis were excluded from the study. Control group were defined by apparently healthy individuals with no signs or symptoms of liver disease or any other diseases, normal liver transaminases and negative anti-HCV Ab.

Laboratory investigations
Laboratory investigations, including LFTs, CBC, kidney function tests, serum autoantibodies (anti-nuclear antibodies, anti-smooth muscle antibodies and anti-mitochondrial antibodies) and prothrombin time were performed for all the patients. Viral markers were performed using enzyme-linked immunosorbent assay (ELISA) according to the manufacturer instructions; HCV Ab (Innogenetics, Ghent, Belgium), hepatitis B virus surface antigen, hepatitis B virus core immunoglobulin (Ig)M and IgG Abs (all from Dia Sorin, Saluggia, Italy). Real-time PCR for HCV-RNA was performed using COBAS Ampliprep/COBAS TaqMan, Roche Molecular Systems, Inc., Branchburg, NJ 08876, United States (detection limit was 15 IU/mL). According to the viral load, viremia was classified arbitrarily into low (< 2 × 105 IU/mL), moderate (≥ 2 × 105-2 × 106 IU/mL), and high viremia (≥ 2 × 106 IU/mL)[18]. Serum C4a levels were assayed using ELISA (WKEA Med Supplies Corp, NY 10123, United States) according to the manufacturer instructions. Serum samples of the patients were collected, maximally, within 6 mo of liver biopsy[19].

Liver biopsy and histopathological evaluation
Liver biopsy was performed using a true cut needle for all the patients. Specimens were fixed in formalin, embedded in paraffin and stained with hematoxylin and eosin, Masson's trichrome, reticulin and Perl's stains. Hepatic necroinflammatory activity and liver fibrosis were evaluated according to Ishak staging and grading score. Necroinflammatory activity was classified into minimal (score 1-3), mild (score 4-8), moderate (score 9-12), and severe (score 13-18)[20]. Fibrosis was classified into mild (stage 1), moderate (stages 2-3), and severe fibrosis or cirrhosis (stages 4-6)[5]. Significant fibrosis was defined as Ishak score of 3 or more (presence of bridging fibrosis)[21].

Statistical analysis  
Descriptive results were expressed as mean ± standard deviation (SD) or number (percentage) of individuals with a condition. For quantitative data, statistical significance was tested by Mann-Whitney U non-parametric tests. For qualitative data, significance between groups was tested by χ2 test. Correlation was tested by Spearman’s test. Results were considered significant if P-value ≤ 0.05. The diagnostic performance was measured as sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) and all were expressed as percentages. The cutoff values for optimal clinical performance was determined from the receiver-operating characteristic curve. Statistical analysis was performed using SPSS statistical package version 13 (SPSS Inc, Chicago, IL, United States).

RESULTS
Study population characteristics
The study included 30 children with chronic HCV infection. They were 12 females and 18 males. Their mean age was 11.12 ± 4.62 ranging from 3.5 to 18 years. A second group of 30 age- and sex-matched (P > 0.05 for both) healthy children served as controls. They were 14 females and 16 males. Their mean age was 10.73 ± 4.19 ranging from 4 to 17 years. The major possible modes of infection were male circumcision and family contact (60% each) followed by surgery (43.4%), blood transfusion (30%) and dental procedures (16.7%). Many children had more than one possible mode of infection. The majority of patients were asymptomatic. Four children had hepatomegaly, one child had splenomegaly and none had jaundice or ascites. Fibrosis stage ranged from F0 to F3 and activity grade ranged from A1 to A7. The majority had moderate fibrosis (56.7%) and mild activity (66.7%), while 8 out of 30 (26.7%) had steatosis (Table 1).

Histopathological findings in patients with normal vs elevated transaminases 
All the patients (except one with F0) had mild to moderate fibrosis and minimal to mild activity in liver biopsy. Yet, nearly half of them had normal transaminases (41.7%, 47.1%, 50.0% and 45.0% for mild fibrosis, moderate fibrosis, minimal activity and mild activity respectively) (Table 2). 

C4a did not differ significantly according to laboratory parameters or histopathological parameters
The mean value of serum C4a was lower in patients than in controls (153.67 ± 18.69 mg/L vs 157.25 ± 11.40 mg/L respectively) with no statistically significant difference (P = 0.378). Moreover, there was no statistically significant difference in C4a regarding sex in both the patients (M/F: 150.33 ± 16.22 mg/L vs 158.75± 21.64 mg/L; P = 0.234) and controls (M/F: 154.29 ± 8.60 mg/L vs 160.64 ± 13.46 mg/L; P = 0.130). There was no statistically significant difference in mean level of C4a when comparing patients with different fibrosis stages, different activity grades, different levels of viremia and patients with normal transaminases vs those with elevated transaminases (P > 0.05 for all; Table 3). Furthermore, there was no correlation between C4a and any of the studied laboratory parameters or with fibrosis stage and activity grade (Table 4).

Complement C4a according the individual fibrosis stage 
Serum C4a, though not statistically significant, was inversely proportional to the stage of fibrosis. It was the highest (182.52 mg/L) in the patient with F0, decreasing in patients with F1 and F2 (152.33 ± 19.64 mg/L and 155.87 ± 19.46 mg/L respectively) and reaching the lowest level in F3 (143.55 ± 2.33 mg/L) (Figure 1). 

Comparing C4a in significant fibrosis (Ishak score ≥ 3) vs other fibrosis stages (F0-F2)
When comparing significant fibrosis with the other stages, C4a was significantly lower in F3 compared to other fibrosis scores (143.55 ± 2.33 mg/L vs 155.26 ± 19.64 mg/L; P = 0.047). C4a at a cutoff level of less than 144.01 mg/L could discriminate F3 with 76.9% sensitivity, 75% specificity, 95.24% PPV and 33.3% NPV from other stages of fibrosis (Figure 2).

DISCUSSION
The natural history of chronic HCV infection in children differs from that in adults since HCV infection is relatively benign, induces mild changes in the liver with a low level of fibrosis and a low rate of progression and is rarely associated with severe or decompensate liver disease[22]. However, progressive fibrosis and early appearance of end-stage liver disease have been documented[23]. Bortolotti et al[24], reported that hepatitis C in children is usually asymptomatic. Clinically, most of our patients were asymptomatic (73.36%), 13.3% had hepatomegaly, and 3.3% had splenomegally but none had jaundice or ascites. A similar finding was reported by El-Raziky et al[5], since soft enlargement of the liver was found in 2 (11%) children with HCV infection and none had splenomegaly. 
In the current study, patients with normal transaminases (46.7%) had both mild (41.7%) to moderate (47.1%) fibrosis and minimal (50%) to mild (45%) activity on histopathological examination. It has been reported that ALT levels are elevated in half of the subjects and histological abnormalities are detectable in three quarters of HCV-RNA positive cases[5]. This means that liver enzymes in chronic HCV infection do not reflect histopathological abnormalities in the majority of cases and liver biopsy would be essential for evaluation of the disease state and extent of liver injury. 
There is relatively little information on the histopathology of chronic hepatitis C in children. It has been shown that low ALT levels, low viral load and mild histological changes characterize chronic hepatitis C infection in children[25]. Goodman et al[26], reported that, in a cohort study, grading and staging of liver biopsies from 121 children ages 2 to 16 (mean, 9.8 years) infected with HCV revealed minimal, mild, moderate and severe inflammatory activity  in 42%, 17%, 38%, 3% of patients respectively. Five (4%) had bridging fibrosis and 2 (1.7%) had cirrhosis. In the current study, all the patients had liver biopsy. None of them had cirrhosis where fibrosis scores ranged from 0 to 3 and activity grades ranged from 1 to 7. Although universal screening for hepatitis C is not recommended, it is actually the only method to detect HCV in children because carriers are usually asymptomatic. Even transaminases are usually within normal range. Consequently, they would remain undiagnosed until the appearance of symptoms in adolescence or adulthood[27]. 
The main target of the current study was to evaluate serum complement C4a levels in children with chronic HCV infection and its relation to liver fibrosis. Complement represents a significant non-specific host defense system involved in the protection of the host from virus infection[28]. To escape this protection, viruses are able to express host-homologous proteins, or to borrow cell membrane proteins from the host with complement regulatory activity, protecting viral particles from neutralization by the complement[29]. C4 specific activity appears as a valuable parameter for predicting and monitoring interferon and ribavirin therapy[30]. Deficiencies of complement component C4 isotype C4a has been associated with various autoimmune, inflammatory or infectious diseases as well as with mental disorders and cancer survival[31]. Phenotypic C4 deficiencies are caused by increased protein consumption or genetic deficiencies[32].
Serum C4 levels were found to decrease in adult HCV patients compared to healthy controls as a result of altered transcriptional regulation[30]. In the present study, although there was no significant statistical difference in the mean serum C4a levels between patients and controls, it was lower in patients. Moreover, there was no significant statistical difference in complement C4a level according to different stages of fibrosis, grades of activity or presence or absence of steatosis (P > 0.05 for all). Nonetheless, C4a was in its highest value in F0 and decreased as fibrosis increased with its lowest level in F3. This finding is in agreement with that of Imakiire et al[33], who reported that C4a increases with HCV infection, but decreases with disease progression which reflects the development of an inflammatory process and, evidently, the higher secretion of complement C4a by stimulated macrophages[15]. In addition, we found that C4a was not correlated with any of CBC parameters, liver functions or HCV viremia. Imakiire et al[33]  showed that the level of C4a in serum was higher in HCV carriers with persistently normal ALT compared to chronic HCV patients or healthy volunteers. 
Bugdaci et al[17] showed a significant negative correlation of C4 with ALT (r  =  - 0.368, P = 0.001) and histological activity index (r = - 0.639, P = 0.001) by Knodell score. Such relation was not found in the present study as there was no significant difference in complement C4a levels between patients with normal transaminases and those with elevated ones (P = 0.868). This discrepancy may be due to the difference in the mean age of the studied population (53.88 ± 11.44 years in Bugdaci et al[17], and 11.12 ± 4.62 years in ours), or the smaller number of patients (n = 30) in our study compared to 70 patients in Bugdaci et al[17]. Another important difference is the grade of activity (A1 to A7) and stage of fibrosis (F0 to F3) in ours using Ishak score, compared to that in Bugdaci et al[17], (8 ± 2.75 and 1.66 ± 0.784 for activity and fibrosis respectively) using Knodell score. In agreement with our results, Dumestre-Perard et al[30] reported that there were no statistical significant correlations between specific C4 activity and each of HCV-RNA, ALT, Knodell score, Metavir histological fibrosis and Metavir histological activity (P = 0.29, P = 0.9, P = 0.48, P = 0.96 and P = 0.22 respectively). 
In chronic HCV infection, patients with no or minimal fibrosis at presentation appear to progress slowly and treatment could possibly be delayed or withheld. On the other hand, patients with significant fibrosis (i.e., septal or bridging fibrosis) progress almost invariably to cirrhosis over a 10- to 20- year period, so antiviral treatment should be strongly considered[34]. For that we compared C4a in F3 vs other stages of fibrosis. C4a was significantly lower in F3 compared to other fibrosis scores and at a cutoff value of less than 144.01 mg/L it could discriminate F3 with 76.9% sensitivity and 75% specificity (P = 0.047). Although it is accepted to assess serum markers of fibrosis if serum sample is taken within 6 mo of liver biopsy[19], this might be a limitation in the study. For that, serum sampling in the same setting with liver biopsy would be preferred. Another limitation is the relatively small number of patients in the study.
In conclusion, our study demonstrated that complement C4a did not correlate with any of transaminases, HCV viral load or the histopathological scores of liver biopsy. Though C4a decreased in higher stages of fibrosis, this change was not statistically significant enough to predict individual stages of fibrosis. Yet, it could predict significant fibrosis with acceptable clinical performance.
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COMMENTS
[bookmark: OLE_LINK614][bookmark: OLE_LINK615][bookmark: OLE_LINK843][bookmark: OLE_LINK844]Background
The need for repetition of liver biopsy in patients with chronic hepatitis C virus (HCV), especially in assessing the degree of fibrosis and follow-up of treatment protocols, justifies an intensive search for non-invasive alternatives. Of these alternatives, serum C4a has been proposed. In adults, the reports are contradictory. In this study we evaluate C4a as a predictor of HCV-associated liver fibrosis in the pediatric age group.

Research frontiers
The natural course of HCV infection in children differs from that in adults since the infection is relatively benign and induces mild changes in the liver with a low level of fibrosis. Patients with no or minimal fibrosis at presentation appear to progress slowly and treatment could possibly be delayed or withheld. On the other hand, patients with significant fibrosis (i.e., septal or bridging fibrosis) progress almost invariably to cirrhosis over a 10- to 20- year period so antiviral treatment should be strongly considered. 

Innovations and breakthroughs
[bookmark: OLE_LINK1860][bookmark: OLE_LINK1861]Complement C4a was proposed by proteomic analytical study in adults as a predictor of HCV-induced liver fibrosis. Further studies of serum level of C4a as a predictor for liver fibrosis were contradictory. Authors evaluated serum C4a as a predictor of HCV-induced liver fibrosis in the pediatric population. Although C4a decreased with higher stages of fibrosis, this change was not statistically significant enough to predict individual stages of fibrosis. Yet, it could predict significant fibrosis (Ishak score ≥ 3) with acceptable clinical performance. 

Applications 
[bookmark: OLE_LINK2204][bookmark: OLE_LINK2135][bookmark: OLE_LINK2585][bookmark: OLE_LINK2586]Serum C4a can be used as a non-invasive marker to discriminate patients with significant liver fibrosis who are in need for critical consideration of antiviral therapy from those with no or minimal fibrosis for whom treatment could be delayed or deferred.

Terminology
Hepatic fibrosis is the final common path of liver injury in most chronic liver diseases and can lead to cirrhosis, which is responsible for the majority of clinical complications. Fibrosis is characterized by excess deposition of extracellular matrix components including different collagens and non-collagenous proteins such as laminin, fibronectin, undulin, cytokines and complement components. The serum contains such tissue proteins as leakage markers.

Peer review
The submitted manuscript investigates the significance of C4a as a surrogate marker for fibrosis in a children population with HCV infection. The article is interesting. The statistical analysis is good, but the number of patients is small and authors should mention in conclusion that the results were interpreted taking into consideration the small number of patients.
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Figure 1 Complement C4a in the individual fibrosis stages.
Figure 2

Figure 2 Clinical performance of C4a in discriminating significant fibrosis from other stages of fibrosis. AUROC: Area under the receiver operating characteristic.



Table 1 Clinical, laboratory and histopathological characteristics of the studied patients n (%)
	Parameter
	HCV patients (n = 30)

	Clinical findings
	

	Jaundice
	0 (0.0)

	Hepatomegaly
	4 (13.3)

	Splenomegaly
	1 (3.3)

	Ascites
	0 (0.0)

	Liver function tests
	

	Total bilirubin (mg/dL)
	1.23 ± 1.051

	Direct bilirubin (mg/dL)
	0.30 ± 0.26

	Albumin (g/L)
	43.17 ± 7.5

	Alanine transaminase (U/L)
	55.57 ± 126.16

	Aaspartate transaminase (U/L)
	72.10 ± 131.97

	 glutamyle transpeptidase (U/L)
	38.90 ± 21.92

	Alkaline phosphatase (U/L)
	253.48 ± 97.38

	Complete blood count
	

	Hemoglobin (g/L)
	113.6 ± 11.2

	White blood cells (× 103/ L)
	8.77 ± 7.52

	Platelets (× 103/L)
	383.57 ± 390.87

	Fibrosis stage
	

	No (F0)
	1 (3.3)

	Mild (F1)
	12 (40)

	Moderate (F2-F3) 
	17 (56.7)

	Activity grade
	

	Minimal
	10 (33.3)

	Mild
	20 (66.7)

	Steatosis   
	8 (26.7)


 

Table 2 Histopathological findings in patients with normal vs elevated transaminases
	Histopathology
	Normal transaminases
	Elevated transaminases

	Fibrosis stage
	
	

	No fibrosis (n = 1)
	1 (100)
	

	Mild fibrosis (n = 12)
	5 (41.7)
	7 (58.3)

	Moderate fibrosis (n = 17)
	8 (47.1)
	9 (52.9)

	Activity grade
	
	

	Minimal activity (n = 10)
	5 (50)
	5 (50)

	Mild activity (n = 20)
	9 (45)
	11 (55)




Table 3 Serum complement C4a according to different transaminases levels, viral loads and histopathological findings
	Parameter
	C4a (mg/L)
	P-value

	Fibrosis stage
	
	

	No/Mild (n = 13)
	154.65 ± 20.59
	0.786

	Moderate (n = 17)
	152.97 ± 17.72
	

	Activity grade
	
	

	Minimal (n = 10)
	155.1 ± 21.93
	0.809

	Mild (n = 20)
	152.99 ± 17.43
	

	Steatosis
	
	

	Present (n = 8)
	146.13 ± 3.32
	0.186

	Absent (n = 22)
	156.45 ± 21.19
	

	Normal transaminases (n = 14)
	155.36 ± 21.33
	0.868

	Elevated transaminases (n = 16)
	152.25 ± 16.62
	

	Viremia
	
	

	Low viremia (n = 17)
	156.37 ± 18.91
	0.561

	Moderate viremia (n = 9)
	152.43 ± 22.19
	

	High viremia (n = 4)
	145.2 ±  3.96
	



 

Table 4 Correlation of complement C4a with laboratory and histopathological parameters in liver biopsy 
	Parameter
	C4a (mg/L)

	
	r
	P-value

	Total bilirubin (mg/dL)
	- 0.022
	0.910

	Direct bilirubin (mg/dL)
	- 0.038
	0.841

	Albumin (g/L)
	0.162
	0.393

	Alanine transaminase (U/L)
	- 0.148
	0.332

	Aaspartate transaminase (U/L)
	- 0.026
	0.891

	 glutamyle transpeptidase (U/L)
	0.0
	1.0

	Alkaline phosphatase (U/L)
	0.176
	0.446

	Hemoglobin (g/dL)
	- 0.100
	0.599

	White blood cells (× 103/L)
	0.054
	0.777

	Platelets (× 103/L)
	0.228
	0.226

	HCV-RNA (IU/mL)
	- 0.210
	0.265

	Fibrosis stage
	- 0.208
	0.269

	Activity grade
	- 0.114
	0.548
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