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Background: Hepatitis B Virus (HBV) can affect life quality. Monitoring and understanding the fluctuations of the HBV level of viremia related to the intricate immune activity of the host helps in the development of new treatment strategies and evaluation patterns. This meta-analysis presents the correlations between cytokines and the level of viremia in chronic HBV patients for a better comprehension of the immune mechanisms behind this infection.

Methods: We used PRISMA guidelines for this meta-analysis. The databases assessed were PUBMED, WEB OF SCIENCE, SCOPUS, and Cochrane Library. ZOTERO and PlotDigitizer helped the systematic research process. We extracted information related to the correlations between cytokines and the HBV-DNA level. Effect measures included comparisons between standardized mean differences and correlation coefficients. We evaluated retrieved articles with the Newcastle-Ottawa Quality Assessment Scale (NOS). The R 4.2.2 software displayed the statistical calculation and graphical representations.

Results: From 58,169 records, we extracted 16 articles with 32 different cytokine determinations. The main interleukins included in detection panels were IL-10 and IL-21. The meta-correlation analysis comprised 1,199 chronic HBV patients. The standardized mean difference between cytokine levels in HBV patients and healthy controls was 0.82 (95% CI = [−0.19, 1.84], p = 0.11). We observed a significant, fair, pooled correlation coefficient between IL-10, IL-9, and the viral load (r = 0.52, 95% CI = [0.19, 0.85]).

Conclusion: This meta-analysis brings novelty because it gives a first rigorous systematic look at multiple studies with many cytokines. Our research approaches a debatable issue and gives a possible solution for settling controversies. Future studies can arise towards understanding the immune disruption in HBV and the development of new, improved assays for prognosis.

Keywords
 cytokine; hepatitis B virus; viral load; systematic review; meta-analysis


1 Introduction

According to the World Health Organization (WHO), chronic infection with hepatitis B virus (HBV) is a worldwide increasingly mortal threat, with a high prevalence in Africa, some parts of Asia, Eastern Mediterranean, and Western Pacific countries. The most worrying event is the progression of the illness toward hepatocellular carcinoma (HCC), frequently found in Southeast Asia (1). To prevent this unfavorable outcome of HBV, the discovery of a cure becomes a desired goal for the scientific environment (2).

The deoxyribonucleic acid (DNA) of HBV is considered by some researchers a key element in the viral replication cycle. From its initial relaxed circular pattern, HBV-DNA converts into various forms, including a covalently closed circular DNA (cccDNA) (3). The latter persists in the host cell nucleus and it resembles a small chromosome after the addition of a histone complex (4). From the cccDNA several viral RNAs are transcribed. After the reverse transcription of pre-genomic RNA, a relaxed circular DNA (rcDNA) or a double stranded DNA are formed. Consequently, viral DNA either leaves the hepatocyte in new virions, or returns to the nucleus to replenish the pool of cccDNA (3).

Studies claim that the HBV-DNA quantification shows the viral activity in chronically infected patients (5). However, as Mak et al. (6) emphasize, the serum detection of viral DNA cannot directly establish the levels of those viral nucleic acids that remain silent in hepatocytes. Studies mention that these remnants of genetic material can trigger HCC (7–9). Some authors have tried to quantify the levels of cccDNA through various PCR techniques, but their efforts have concluded in an intricate and not fully developed protocol. Another problem is the need for invasive liver biopsy samples for cccDNA quantification (10). This problem could disappear by finding better predictors for the fluctuations of viral DNA levels inside the infected host. Some authors link cytokines to the HBV-DNA levels (11).

Scientists define cytokines as inhibitory or stimulatory elements on immune cells (12, 13). Studies establish the main categories of cytokines as different types of interleukin (IL), tumor necrosis factor-alpha (TNF-α), transforming growth factor-beta (TGF-β), and interferon (IFN) (13).

Other researchers linked several genetic variations and the ability of cytokines to participate in viral clearance- this is the case of the allelic polymorphisms -148C, +8925G, +13925C for the IL-18 gene, -592CA for the IL-10 gene, or -863A for the TNF-α gene (11). Studies also provide the example of IL-2, IL-4, and IL-21, which interfere with the expansion of T lymphocytes in chronic HBV (12). Scientists also correlated HBV viral loads with immune cell counts, so their activity should be broadly analyzed (14). Recent experiments illustrate a combined effect of cytokines, for which reason they could be assessed together (15). Other studies show that Toll receptor agonists, as new potential therapies, enhance interleukin production and reduce the levels of viral proteins and of HBV-DNA (16).

Regarding the common usage of cytokines as biomarkers in chronic HBV, potential assays exist for their detection. As an example, researchers have mentioned inexpensive techniques for IL-6, IL-1β, IL-3, IL-8, and TNF-α (17). Although the evaluation of cytokines is not a well-implemented routine for chronic HBV patients, this might demonstrate its benefits. Studies emphasize the prediction qualities of IL-6 (18) and IL-2 (19). The latter, together with cytokines such as IL-6, IL-4, IL-1β, and IL-17A can also anticipate treatment response for nucleotide/nucleoside analogs (NA) and pegylated interferon (PegIFN) (20). The level of HBV-DNA has already been used as a biomarker for disease evolution and treatment effectiveness (21), so a proven association between viremia and cytokines could potentially increase the prediction capacity of the two.

Some authors show that IL-4 correlates with HBV viral load (12). Researchers included this interleukin and other cytokines in their research. They found no correlations between cytokines and the levels of HBV-DNA (22). Opinions related to this topic are divided.

Considering all the discoveries presented above, cytokine studies in chronic HBV patients might change the upcoming evaluation techniques. However, their fluctuations in patients’ sera and their correlations with the levels of HBV-DNA need further examination for a definitive conclusion.

Our study aims to perform a meta-analysis of the cytokine level variations in chronic HBV patients. We wanted to assess potential correlations between cytokines and the levels of HBV-DNA. To our knowledge, this is the first meta-analysis on this theme performed on many cytokines and patients. This work intends to improve understanding of the precise correlations between cytokines and viremia and highlight potential gaps in knowledge. The effort is important to emphasize interesting novel tools for prognosis and therapy and suggest further themes for study.



2 Methods


2.1 Databases and search method

This meta-analysis was thought after the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) Statement (23). The protocol synthesis can be found in Supplementary Table S1. PUBMED, WEB OF SCIENCE, SCOPUS, and Cochrane Library were the four databases used. Data included all entries from inception until March 7th, 2024. The manual search was performed independently by two authors (MM and IM). The third researcher (IC) supervised the process and solved any debatable issues. Chronic HBV patients were a central part of this study, together with the comparisons between cytokine values in subjects with different levels of viremia. We also searched correlations between viral loads and cytokines. The words “chronic hepatitis B”, “chronic HBV infection,” “viral hepatitis B,” “HBV infection,” “HBV,” “VHB,” “hepatitis B virus,” “low viremia,” “low HBV DNA,” “low viral DNA,” “HBV DNA,” “high viremia,” “high HBV DNA,” “high viral DNA,” “Il,” “IL,” “interleukin,” “cytokine,” “cytokine assay,” “interleukin assay” composed our search strategy focused on retrieving articles in all databases. We used the same general terms for all databases, and we did not limit the field of search. For further information, please consult Supplementary Table S2.



2.2 Selection criteria

The peripheral blood cytokine values found in chronic HBV patients were the main elements of our search. The central topic followed was cytokine quantification for different levels of HBV-DNA. The manual data extraction was performed independently by two authors (MM and IM). Debatable issues were solved by discussion with the third researcher (IC). We also extracted data related to the correlation between cytokines and viremia. Without these items, records were not relevant. We included only English-written articles with full-text availability. The exclusion process also meant eliminating all abstracts, pre-prints, proceedings, conference recordings, reviews, meta-analyses, systematic reviews, book chapters, surveys, editorials, notes, letters, and commentaries. We did not include the retracted or duplicate papers.



2.3 Data extraction and quality assessment method

MM and IM independently assessed and extracted all data. Discussion and third-party evaluation by IC solved every difference in opinion. An in-house conceived form gathered information, and the authors developed tables to summarize data. The variables assessed included authorship information, comparison groups, detection methods, and cytokine levels. Correlation coefficients between interleukins and the levels of HBV-DNA were also extracted for our meta-analysis. Some items were taken from figures using PlotDigitizer (24). ZOTERO (25) helped in the elimination of duplicate articles. We used the Newcastle-Ottawa Quality Assessment Scale (NOS) (26) for evaluating the risk of bias and study quality. Some articles were cross-sectional, so they were assessed using a modified NOS scale that was previously used by other authors (27, 28). According to this tool, we evaluated studies after the sample selection, comparability of groups, and exposure/outcome assessment. All articles ranked with more than 7 stars were categorized as having low bias risk and high-quality (26, 29).



2.4 Statistics

We used R 4.2.2 Software (R Foundation for Statistical Computing, Vienna, Austria) for statistical analysis (30). A random-effect method and an inverse variance weighting model assessed the interleukin variations between the different categories of patients. Therefore, we used the indications of Borensen et al. (31) for a standardized mean difference calculation. According to the same authors, unlike fixed-effect methods, random-effect calculations take into consideration several reasons for study heterogeneity, so that is why we decided to use them (31). The Luo et al. (32) methodology was the basis for unavailable mean retrieval. A Shi et al. (33) model was the mathematical resource for standard deviations. Correlations between cytokine values and the HBV-DNA levels were assessed using Fisher’s z-transformed correlations, according to Cooper et al. (34). We used the I2 statistic, described by Higgins et al. (35), and 75% was the limit for high heterogeneity. The Guddat et al. (36) explanations guided our forest plot assembly. Sterne and Egger (37) had envisioned the funnel plot method that we used for further bias assessment. The Egger et al. (38) test analyzed asymmetry in funnel graphics. Sensitivity analysis and subgroup displays were also used, as recommended by Egger et al. (39). The guide for significance in all our statistical calculations was a p-value under 0.05.




3 Results


3.1 The article selection

We retrieved 58,169 records from four databases (PUBMED- 2775 records, WEB OF SCIENCE- 1338 records, SCOPUS- 53904 records, and Cochrane Library- 152 records). The elimination process started with the exclusion of duplicates. Research other than article-based was also left aside together with non-English papers and retracted records. 46,263 articles were irrelevant for this study because they were not theme-related. We continued to eliminate another 15 records from the remaining studies because their authors did not perform calculations for the data needed in our study. The final systematic review included 16 articles. One of them could not be part of the final meta-analysis. The reason was that it contained poor data presentation with missing patients, that questioned its rigor. For the best quality of our meta-analysis, we decided to include only the most rigorous papers. Figure 1 shows every step of the extraction process.

[image: Figure 1]

FIGURE 1
 Study selection process (n = number) – figure adapted after PRISMA guidelines (23).




3.2 Main characteristics and quality assessment of studies

As presented above, we selected 16 articles for systematic analysis, written between 2011 (40) and 2023 (41). They contained 32 different cytokine analyses. Most studies were Chinese (42–52). 8 articles were cohort-based (40, 42, 44, 46, 49–51, 53), 6 were case–control studies (41, 43, 45, 47, 48, 52), and 2 were cross-sectional (54, 55). The total number of participants was 2,249, and more than half were chronic hepatitis B patients (CHB). Only two of the retrieved studies analyzed cytokines from plasma (44, 50) using Elisa techniques. All the other articles collected data about cytokine levels from serum samples, mainly with Elisa methods (41, 43, 45–49, 52, 54). IL-10 was the most studied interleukin from all panels (40, 42, 48, 51, 53), together with IL-21 (43, 44, 51–53). The overall quality of the retrieved studies was considered high because most had an NOS score equal to or higher than 7 (26–28). One (51) quality score was lower than 7, so the article was eliminated because we feared bias. The potential risks of error identified at this phase were due to the original authors’ faults in the evaluation or follow-up of patients and healthy individuals.

Table 1 depicts the main description of the selected articles. One study (51) could not be included in the meta-analysis because of poor original data presentation. In this paper, the authors found a statistically significant association between two plasma cytokines (MCPI and IL-8) and HBV viral loads. The entire study collected data from 347 patients, but the final statistics contained information from only 168 individuals. The methodology had also issues in data analysis (51).



TABLE 1 General study characteristics of the articles selected for systematic review.
[image: Table1]

We conducted a meta-analysis of 6 articles for the assessment of cytokine levels in different types of HBV patients with several viremia loads (41, 42, 49, 52, 54, 55). These studies were presented in Supplementary Table S3. 9 records containing Spearman correlations (40, 41, 43, 45, 47–50, 53) were used for a separate meta-correlation analysis, and their main details were illustrated in Table 2. Two studies (44, 46) included different types of correlations (Pearson correlations), so our meta-analysis had to exclude them. Both studies were cohort-type and included Chinese patients. One study showed significant Pearson correlations between IL-7, IL-21, and the levels of HBV-DNA in CHB (44). The other found a significant correlation between IL-35 and viral loads in chronic HBV patients (46).



TABLE 2 Correlations found between cytokines and HBV viremia level H.
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3.3 Cytokine level differences between healthy subjects and HBV patients

Figure 2 shows the differences between cytokine values in chronic HBV patients and healthy subjects. The statistical analysis found significant heterogeneity among the studies (I2 = 98%). We searched for publication bias using a funnel plot and the Egger’s test. The funnel plot showed no obvious asymmetry. Egger’s test did not identify publication bias. The standardized mean difference (SMD) between the two groups was 0.82 (95% CI = [−0.19, 1.84], p = 0.11). Subgroups were then drawn after the type of cytokine used, the detection method, and the sample size. Using meta-regression techniques, we found that one source of heterogeneity could come from the quantification of some IL, such as IL-26 (p < 0.0001) and IL-6 (p = 0.0073). However, after removing these studies, the remaining heterogeneity was still large (I2 = 97%). An important element was also the small number of studies for each subgroup.

[image: Figure 2]

FIGURE 2
 Differences between cytokine levels in healthy subjects (control group) and chronic HBV patients (experimental group).


We further analyzed subgroups with more than two study results. The peripheral blood samples taken from patients had significantly higher levels of IL-21 by comparison to those drawn from healthy individuals (SMD = 0.92, p = 0.048). However, study heterogeneity was high (I2 = 95%). We could not perform further analysis because of the small number of studies found (4 studies). IL-10 was lower in HBV patients (SMD = -0.85), but the result was nonsignificant (p = 0.2836) and with high heterogeneity (I2 = 94%).



3.4 Meta-correlation results

After statistically analyzing the 9 studies included in meta-correlation, we found a pooled correlation coefficient of 0.16 (p = 0.0009) between all cytokine values and the levels of viremia. The overall heterogeneity was moderate (I2 = 63%), according to Higgins et al. (35). Figures 3, 4 depict the graphic representations of these results with a forest plot and a funnel plot. The latter had no obvious asymmetry, and the trim-and-fill test showed no obvious publication bias (p = 0.82). Meta-regression performed on age, sample size, and IL-type subgroups suggested that a large amount of heterogeneity could be explained by studies that included IL-34, IL-12, and IL-35. After removing these, the residual heterogeneity was not significant (I2 = 29%, p = 0.09), and the pooled correlation coefficient was 0.23 (p < 0.0001).

[image: Figure 3]

FIGURE 3
 Results obtained from meta-correlation analysis.
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FIGURE 4
 Funnel plot obtained from the meta-correlation analysis.


Further subgroup analysis showed that IL-6 had a pooled correlation coefficient of 0.27 (p < 0.0001), with no significant heterogeneity (results depicted in Figure 5). The correlation coefficient of IL-10 was 0.48 (p = 0.02), but significant heterogeneity between studies was found (I2 = 76%, p = 0.02). These numbers can be visualized in Figure 6.

[image: Figure 5]

FIGURE 5
 IL-6 meta-correlation analysis.
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FIGURE 6
 IL-10 meta-correlation analysis.


We assessed the studies with the highest correlation values between cytokines and the levels of viremia to see if a higher degree of association could be significant. Therefore, a pooled correlation coefficient of 0.52 (p = 0.002) was identified in the meta-correlation of IL-10 and IL-9. However, this also involved a moderate degree of heterogeneity (I2 = 68%, p = 0.02). Figure 7 depicts this result. By adding IL-8, we observed a small decrease in the correlation coefficient to 0.48 and a lower percentage of heterogeneity. However, the number of studies taken into consideration was small.

[image: Figure 7]

FIGURE 7
 IL-10 and IL-9 meta-correlation analysis.




3.5 Cytokine levels among patients in different HBV-DNA categories

Patient viremia levels were used to categorize the retrieved studies. A first comparison was performed between the groups of interest encompassing patients with the levels of HBV-DNA more or less than 2000 IU/mL (41, 54, 55). We chose this value because it represents a classical level included in guidelines that separates moderate viral loads from low ones (6). We wanted to assess the cytokine levels in high HBV-DNA patients, so we compared subjects with levels of viremia higher or lower than 10,000 IU/mL (42, 52), 100,000 IU/mL (49, 52), and 10,000,000 IU/mL (52, 54). The only significant results were obtained in articles that quantified HBV-DNA according to the 2000 IU/mL and 10,000,000 IU/mL criteria.

An increase in the cytokine levels was observed when subjects with levels of viremia higher and lower than 2000 IU/mL were compared (SMD = 0.52, p = 0.0019). The analyzed cytokines were IL-17, TGF-β1, TGF-β2, TGF-β3, TNF-α, IL-12, IL-16, and IL-6. There was significant heterogeneity observed (I2 = 85.7%, p < 0.0001). We observed asymmetry on the funnel plot. Egger’s test (37) identified significant publication bias (p = 0.0178). Heterogeneity was also observed between groups when they were divided according to the type of cytokine analyzed (p < 0.0001). Further analysis could not be performed because of the small number of studies involved.

For patients with levels of viremia higher or lower than 10,000 IU/mL, we observed a funnel plot asymmetry, but Egger’s test did not show significant publication bias.

The comparison between the categories of patients with levels of viremia higher and lower than 10,000,000 IU/mL presented a significant decrease in cytokine levels (SMD = −0.47, p = 0.0063), with moderate heterogeneity (I2 = 43.5%, p = 0.17). The differences between the subgroups selected after the types of cytokines were not significant. However, only three cytokines (IL-17, IL-18, IL-12) were assessed. The total number of studies was also small, thus limiting further analysis.




4 Discussion

Chronic HBV infection is a source of concern because of its worldwide persistence (1) and the need for its elimination (2). Researchers report that HBV-DNA quantification has a major importance in the evaluation and prognosis of a patient (5). According to some, the viral load can also contribute to establishing a therapeutic response (10, 56). Immune biomarkers are identified as another potential field of research in HBV chronic infections (19, 20, 56). This current meta-analysis reunites the two areas of interest in the first documented effort to systematically summarize the potential correlations between the levels of HBV-DNA and of cytokines.


4.1 The main findings of our study

The overall quality of retrieved studies was high, with 2,249 participants and 32 cytokines. This is, from our knowledge, the first large-scale analysis that included the assessment of cytokine in HBV patients.

By comparison to the normal controls, the cytokine levels seemed to increase (SMD = 0.82) in HBV patients, but with high heterogeneity. As studies depict, this could be explained by intricate molecular pathways (57–59). Therefore, authors show that HBV can activate various pathways, such as Phosphatidylinositol 3-kinase-AKT serine/threonine kinase (P13K–AKT), Janus Kinase-Signal transducer and activator of transcription 3 (Jak-STAT3), or Rat sarcoma virus gene-Rapidly accelerated fibrosarcoma (RAS–RAF) (57). This leads to inflammation, with an increase of several cytokines (IL-10, IL-4, IL-12, and TNF-α) (57) and a disruption of cell metabolism (59). Cellular proliferation and normal cell cycles are also affected, especially in lymphocytes (57–59). During these events, some cytokines might decrease or fluctuate (58). These different stimulatory and inhibitory cycles could have influenced the cytokine levels found in our analysis. Consequently, this could explain, in part, some of the heterogeneity found.

Some studies highlight the connections between cytokines (15). On one hand, this allowed us to suspect a combined effect of the retrieved cytokines on viral loads. Therefore, we included multiple cytokines (see Figures 2, 3) in some of the analyses. On the other hand, using meta-regression techniques and subgroup analysis, we investigated if unanticipated connections between molecules had influenced the results. In the comparisons between cytokine levels in healthy and HBV individuals, interleukin elimination led to no significant decrease in heterogeneity. Moreover, publication bias did not seem to alter the results obtained in Figure 2, as the funnel plot and Egger’s test indicated. We could say that, in this case, cytokine differences or potential connections between them did not influence the results of our study.

The meta-correlation analysis was the first large-scale assessment of 1,199 HBV patients and several different cytokines. Thus, we obtained a pooled correlation coefficient of 0.16 between cytokines and the levels of HBV-DNA, with moderate heterogeneity. We did not observe publication bias after trim-and-fill or the representation of the funnel plot. At first glimpse, according to the interpretation of Spearman correlation, the overall association between these two categories of elements was poor (60). Because of the differences between Spearman and Pearson correlations (61), we chose to avoid mixing articles with different correlations in one analysis. However, because of their small number, articles with Pearson correlation could not be included in a separate meta-analysis.

In subgroup analysis, we found a poor correlation between IL-6 and viral loads and a higher (fair) level of association between IL-10 and the levels of HBV-DNA. The results related to IL-6 had no significant heterogeneity (I2 = 14%). Anabire et al. (62) contradict our findings. However, this study included a cohort of pregnant women with malaria and HBV, so multiple confounders could have influenced cytokine values. Other studies confirm our findings (22). We concluded that there is a clear tendency related to IL-6. On the other hand, our results on IL-10 expressed high heterogeneity, which we could not explain because of the small number of articles. Some authors contradict our results (22). However, they based their opinions on only 66 patients (by comparison to 97 from our subgroup analysis), among which they included acute HBV individuals (we analyzed only chronically infected people). Others claim a positive correlation between the levels of HBV-DNA and of HBV-RNA and a negative association between IL-10 and viral RNA in treated patients (63). However, treatment could have influenced their results (64). Therefore, we could not provide a definitive answer related to the correlation between IL-10 and the levels of HBV-DNA, but we could notice a tendency toward a positive result. Further controlled large-scale studies should conclude the debate.

Our meta-correlation tried to provide a thorough and accurate analysis. Articles that assessed IL-34, IL-12, and IL-35 were removed after meta-regression, with a significant decrease in heterogeneity. Our subgroup analysis in meta-correlation was also carefully inspected. When analyzed together, IL-10 and IL-9 led to the highest pooled correlation of all the retrieved cytokines-0.52. Heterogeneity also varied among cytokines in subgroup analysis, ranging from no significant to moderate and even significant. Therefore, not every retrieved cytokine correlated equally with viral loads. Thus, taking all molecules in one single analysis provided an overall poor association that could not be applied to every element. For instance, IL-10 and IL-9 had higher correlation coefficients with the levels of HBV-DNA. Their combination had a lower heterogeneity than that of the IL-10 articles alone. Therefore, IL-10 and IL-9 might exert an influence not only on viremia but also on each other.

Literature shows that IL-10 increases and affects the activity of CD8+ T lymphocytes (65). The release of this cytokine is strongly influenced by stimuli from B lymphocytes (65, 66). Other authors associate IL-9 with mechanisms related to immune memory (67). Research also links this cytokine to hepatocellular formation because of a complex molecular system that involves a subset of T-helper lymphocytes (68). According to some authors, the same cells also produce IL-10 (48). The interaction between IL-10 and IL-9 is not uncommon for liver infections. It has also been described previously by Franco et al. in patients carrying Schistosoma mansoni (69). On the other hand, You et al. report a strong correlation between the levels of HBV-DNA and T lymphocytes in chronic HBV patients (14). This could explain the associations between the above-mentioned cytokines and the levels of HBV-DNA, but further studies are needed to find the exact pathways involved in their connection.

When we compared data from patients with several levels of viremia, we obtained different results. Overall, people with HBV-DNA levels higher than 2,000 IU/mL had higher cytokine levels than those with lower viral loads. However, the pattern was not the same when we compared patients with very high levels of HBV-DNA (more than 10,000,000 IU/mL) and those with lower viremia loads. Another inconvenience was that we could not perform these calculations for every cytokine. Therefore, these results could only be applied to IL-17 and IL-12. Furthermore, we could only compare cytokine levels for a small number of people with high viral loads. Therefore, more studies are needed to establish the exact molecular mechanisms encountered in patients with high levels of HBV-DNA.

IL-17 is a molecule released from a subset of T lymphocytes mainly connected to the progression toward fibrosis, according to some authors (70). IL-12 contributes to the differentiation of T-helper lymphocytes (71). A recent study has shown that achieving an undetectable level of HBV-DNA after therapy could modify the numbers and activity patterns of T lymphocytes in chronic HBV patients (72). Therefore, we hypothesize that different viremia loads could also be reflected in the secretory activity of T lymphocytes, which could cause fluctuations in the levels of cytokines connected to cellular proliferation, such as IL-12 and IL-17. However, this theory needs further study.



4.2 The importance of this meta-analysis

This study has multiple strengths. It is a thorough analysis of many different cytokines and HBV patients. As we have already mentioned, this research controlled various types of biases and performed the first systematic quest of the associations between viral loads and cytokines. We could show a clear tendency for IL-6 related to viral loads. The meta-correlation also highlighted a potential correlation between IL-10 and IL-9, presumed from the results of the included studies. Furthermore, from the funnel plot (Figure 4) and data retrieval, we observed the need for more confounder-controlled, large-scale studies conducted on multiple cytokines.



4.3 The limitations of the meta-analysis

The major limitation of our study is that, despite its large numbers of cytokines and patients included, the number of studies performed for each cytokine is low. This could have sometimes caused heterogeneity. Publication bias is also hard to interpret under these circumstances. However, this opens new ways for further research that could clarify unexplained heterogeneity in our study. Another problem is related to the variability of the methodologies applied for each cytokine article.



4.4 Future research perspectives

However, despite this, the meta-analysis opens new possibilities for further research because it underlines the potential correlation between some cytokines and viral loads. This summarization is important because it shows the current gaps in knowledge for some cytokine pathways (such as IL-10, IL-9, and IL-8) and emphasizes possible variations of cytokine levels connected to the levels of HBV-DNA. Finally, the meta-analysis gives the idea of novel research related to the association of IL-10, IL-9, and the HBV viral loads that could be helpful, in time, in finding a cure or a new prognostic biomarker. These possibilities arise from the fact that authors find IL-10 pathways as current targets for novel therapies (73) while others experiment with this cytokine in different prognostic algorithms (74).




5 Conclusion

This meta-analysis is the first quality-controlled and systematic study of the correlations between cytokines and viral loads. It is, from our knowledge, the first research on a large cohort of HBV patients collected from multiple studies.We observed, from the results obtained, a possible association between IL-9 and IL-10 and viral loads. The two cytokines might also influence each other. Therefore, IL-10 and IL-9 can bring a new perspective on prognostic assessment and treatment strategy. Thus, we foresee a new understanding of the cytokine influence on HBV replication. Future studies could emerge from our summarized analysis.
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41HC

Cuietal. (48) China Case-control 22CHB Elisa (from serum) 1L-9,1L-10 8
16HC

Metanat et l. (54) Tran Cross-sectional 143 CHB Elisa (from serum) 1L-17 7

Wiegand etal. (55) Germany Cross-sectional 333HBV infected  Luminex (from serum)  1L-17, TGE-p1, TGE-p2, 7

TGF-P3, TNF-, IL-12,
1L-16

Luo etal. (49) China Cohort 30CHB Elisa (from serum) 1L-26,1L-17 9
28HC

Yang etal. (50) China Cohort 102 CHB Elisa (from plasma) 112 7

Renetal. (51) China Cohort 347 CHB Luminex (from serum)  MCPL, FGF-2, IFN-a2, 6
20HC IEN-, IL-1, IL-2, 1L-6,

IL-8, 1L-10,IL-17, IL-21,
TNE-o, VEGE-0, IP-10

Zhou etal. (52) China Case-control 142 CHB Elisa (from serum) IL-12, IL-18,IL-21 8
20HC

Elbrolosy etal. (41) Egypt Case-control 185 CHB Elisa (from serum) IL-6 8
60HC

CHB, chronic hepatitis B; BV, hepatits B virus; HC, healthy controls; ASC, asymptomatic carriers IL, interleukin; IL-1a.p, interleukin 1 alpha, beta; TGF-p1,2,3, transforming growth factor
beta 1,2,3; TN, tumor necrosis factor; MCPI, monocyte chemotactic protein; FGE, fibroblast growth factor; IFN-a2, interferon alpha 2; IEN-y, interferon gamma; VEGE, (a)-vascular
endothelial growth factor (alpha); 1P-10, interferon gamma inducible protein 10; NOS, Newcastle-Ottawa scale.

“Studies that required adapted NOS (27, 26).
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