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ImpactImpact ofHBV and HCV infection in an endemic area 

Thee sheer size of the nationwide anti-schistosomiasis campaigns in Egypt, 

combinedd with the methods applied, has provided an effective mechanism for 

establishmentt of HCV and HBV in the Egyptian population1. This is the world's 

largestt occurrence of iatrogenic transmission of blood-borne pathogens known to date. It 

mostt likely led to a massive increase in the reservoir for HCV and HBV in the general 

population.. Because of the high rate (85%) of chronicity in HCV infections, this reservoir 

iss probably responsible for the high incidence of HCV transmission in Egypt today. 

Thee rate and geographical pattern of prevalence of antibodies to HCV in Egypt found in 

ourr study (chapter 2) confirm the high prevalence and its distribution reported in rates of 

HCVV seropositivity. HCV and HCV/HBV double infection but not HBV or HEV infection 

alonee were correlated with hepatocellular carcinoma (HCC). HCC was strongly related to 

HCVV infection irrespective of HBV infection. This is in agreement with other reports, 

whichh showed a stronger association of HCV and HCV/HBV double infection with HCC 

thann with HBV infection alone27. 

Wee did also find that HCV/HBV double infection leads to an increased prevalence of HCC. 

Wee found no significant difference in mean HCV RNA load in HBV+ and HBV" samples 

indicatingg that in this setting, HBV infection does not have an impact on HCV replication. 

HBVV and HCV are endemic in for instance South-East Asia and parts of Africa. HCC is 

indeedd becoming one of the most important causes of death in these parts of the world. In 

thesee regions, infection with HBV and/or HCV is the major cause of HCC»-11. Contrary to 

HCV,, HBV can be treated fairly well and good vaccines exist. HCV infection alone has a 

lesserr impact on HCC compared to HBV or HCV/HBV double infection in endemic 

regions1113.. Prevention of HCC by hepatitis B vaccination should therefore have the 

highestt benefit in decreasing the incidence of HCC in these areas. 

Wee found that HCV infection rather than level of replication was associated with HCC. 

Thiss suggests that, in the case of HCV, it is not the load that is a determinant of disease 

progression,, but the immune response raised against it. Khakoo et al.14 reported that 

CD44 positive lymphocytes may play an important role in the hepatic injury found in 

patientss with chronic hepatitis C, by inducing cytotoxic T-cell responses against infected 

liverr cells. This continuing process of hepatic damage may then eventually lead to the 

developmentt of HCC. The same may hold true for HBV infection. 
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QuantificationQuantification ofHBVDNA 

Thee pattern found during screening by nucleic acid amplification testing on 

transmissionn of hepatitis B virus DNA is complex^!?. A serological response to a 

viruss infection generally develops after a few weeks, while the DNA or RNA of the 

viruss may already be detectable in a matter of days. Screening by nucleic acid 

amplificationn is therefore useful to narrow the infectious window in the early stage of 

acutee HBV infection. Another even more important application is during treatment of 

persistentlyy infected individuals, in which extremely low concentrations of HBV antigen 

andd antibody are often observed. 

Wee developed a detection and quantification method for HBV DNA based on NASBA, even 

thoughh NASBA is in principle more suited for RNA amplification (chapter 3). The method 

developedd is easy to use, accurate, specific and sensitive, making the assay well suited for 

routinee serological screening for HBV. 

ImpactImpact of HIV  coinfection on acute HBV infection 

HBVV itself is normally not cytotoxic, and it has been well accepted that the liver 

damagee during acute HBV infection is mainly immune mediated is, is. CD8 cell 

functionn is disturbed in HIV-1 infection because of the effect of HIV-1 on CD4 

cellss which are subsequently unable to properly regulate CD8 proliferation and action. 

HIV-11 infection may alter the duration of HBV infection by alteration of the balance 

betweenn humoral (THi) and cytotoxic (TH2) immune responses through its 

immunomodulatoryy action. It is well known that the clearance of HBV is greatly 

determinedd by this balance. 

AA very common marker for liver damage is the elevation of ALT and AST, two enzymes 

mainlyy found in liver cells. Following liver damage, these enzymes may leak into the blood 

andd elevated levels may subsequently be d e t e c t e d̂  i. We have used this marker to 

estimatee the occurrence of liver damage. 

Ourr study (chapter 4) indicates that (con)current HIV-1 infection causes a more rapid 

clearancee of HBV infection. HBV positive drug addicts were more often presenting with 

elevatedd aminotransferases than HBV positive homosexuals. Apart from this, 
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developmentt of chronic HBV-infection in our study population does not seem to be 

correlatedd with sex, age, CD4 or CD8 count before HBc seroconversion. Our findings 

strengthenn the evidence for a significant effect of concurrent HIV-1 infection on the 

naturall  history of HBV infection, which could have an important impact on HBV infection 

inn regions, or patient groups, with high HIV-1 seroprevalence. 

EffectEffect of therapy on HIV/HBV  coinfected individuals 

N
eww HBV-specific therapies are currently being evaluated. Some of these 

therapies,, such as lamivudine treatment, have an excellent safety profile and 

potentt antiviral efficacy2225. Central to developments in HBV therapy has been 

thee improved knowledge of the HBV lifecycle and lessons learned from the HIV field, 

wheree multidrug regimens are standard. Nucleoside analogues, the major agents 

evaluatedd in clinical trials for the treatment of chronic HBV infection, have been shown to 

inhibitt viral replication, and improve liver enzymes and histology in infected individuals. 

HIV-relatedd immunosuppression may reduce necroinflammatory lesions in the liver and 

serumm alanine transaminase (ALT) level in HBV-infected patients2*. 2?. Nevertheless, HBV 

infectionn has also been shown to be associated with more severe liver fibrosis in HIV-

coinfectedd patients, which may increase mortality"» .̂ LoSS or absence of serum HBeAg 

cann be associated with increased inflammation and liver i n j u r y ^ o. We show that the 

samee may hold true for HBV DNA in HBV/HIV- 1 coinfected patients during treatment 

withh 3TC (chapter 5). 

Ann improved immune response associated with reductions in HIV-1 viremia alone may 

havee a significant anti-HBV effect. This raises the question whether hepatotoxicity 

observedd in HIV-1/HBV coinfected patients during HAART including 3TC is caused by the 

drugg therapy or the restoration of the immune system by elimination of HIV-1. 

CD44 nor CD8 cell count in our case-control study was correlated with moderate 

hepatotoxicity,, although increase in CD8 counts were associated with severe LEE with 

borderlinee significance. These findings are in favor of the hypothesis that not 3TC therapy 

byy itself, but rather the active clearance of virus particles from the blood by the host's 

immunee system through the cytotoxic pathway may be causing damage to the liver. 

Thee hepatotoxicity observed in our patients did not seem to be related to the usage of 

antivirall  drugs or other risk factors (chapter 5). This was also illustrated by the fact that 
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alll  patients clear HIV-1 after initiating HAART, but hepatotoxicity is only observed in 

individualss with a good HBV response. 

Wee therefore propose that this hepatotoxicity is not immediately due to the drugs used 

duringg HAART, but that it is mainly associated with the recovery of the immune system 

andd the associated anti-HBV response. 

DetectionDetection of HBV RNA in serum 

HBVV is a DNA virus that replicates through an mRNA intermediate 18>3i. Hence, it 

hass been long accepted that the only HBV genetic material to be found in 

virusess circulating in the blood should be DNA. Nevertheless, more and more 

studiess have indicated that HBV RNA can also be detected in serum32-34. Whether this 

HBVV RNA is contained within virus particles remains unclear. However, we convincingly 

showw in a different study that HBV RNA in serum is actually contained in a particle. 

Furthermore,, we also show in that paper that nude HBV RNA is rapidly degraded in 

serumm (Penning etal, submitted to PNAS). 

Wee developed a real-time assay for the quantification of HBV RNA, based on NASBA 

technologyy (chapter 6). The HBV Retina™ has been tested in more then 1000 patient 

serumm samples and has proven to be easy to perform. It has a dynamic range from 102 to 

1088 HBV RNA copies/reaction. The assay performs best in the range from 104 - 10? 

copies/reaction,, and has in this range a very good reproducibility and precision. 

Studiess in different groups of patients showed that presence of HBV RNA is correlated 

stronglyy to the presence of HBV DNA, HBsAg and HBeAg. The correlations found were 

strongestt in the group of chronic HBV/HIV double infected patients. In the chronically 

infectedd patients, time points at which HBV RNA is positive, but HBV DNA is below the 

quantificationn limi t of the assay (10000 copies/ml serum) seemed to occur more often 

thann in patients with an acute infection. 

Takenn together, the presence of HBV RNA in serum might be a marker for active 

replication.. Studies to test whether the presence of HBV RNA in serum can be used to 

makee predictions on disease progression or outcome of therapy are underway (see also 

chapterr 7). 
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DeterminantsDeterminants of a beneficial HBV response to lamivudine 

W
ee studied patients longitudinally during a period of lamivudine treatment, to 

establishh which factors determine the outcome of infection and which 

laboratoryy markers respond most sensitively to therapy (chapter 7),. We used 

thee newly developed quantitative NASBA-based assays (see chapters 3 and 6) to monitor 

HBVV DNA and RNA in serum. 

Inn chapter 7, we show that the best way to treat HBsAg positive patients with HIV-1 

coinfectionn is with a triple therapy regimen including lamivudine. Lamivudine suppresses 

bothh HIV-1 and HBV replication, making lamivudine-containing regimens the therapy of 

choicee for HIV-1/HBV coinfected individuals23.25,35. We found faster clearance of HBV 

DNAA and RNA in patients receiving triple therapy as compared with mono therapy. This is 

probablyy due to the immune system being more competent to eradicate HBV because of a 

moree efficient suppression of the HIV-1 infection. 

Furthermore,, immune reconstitution with HAART has been reported to shift the 

spectrumm of HBV disease toward an enhanced inflammatory response to hepatitis B, 

followedd by decreased viremia and seroconversions. Finally, in patients with low CD4 

countss at the start of lamivudine therapy, the immune system may have been to weak to 

resolvee the HBV infection. Due to the antiretroviral therapy their immune system may 

improve,, resulting in a higher chance of clearing HBeAg. This relation with CD4 cell count 

iss not seen with HBV DNA and RNA clearance. Clearance of HBeAg is only immune 

mediated,, while clearance of HBV DNA and RNA is a result of the immune reaction, 

combinedd with the direct influence of lamivudine on the replication of HBV. 

Thee effect of lamivudine therapy could be detected earliest by HBV RNA clearance, 

followedd by the clearance of HBV DNA. HBeAg was the last marker to disappear from the 

serum,, and this feature is in line with commonly observed clinical patterns18.37. As noted 

previously,, HBV DNA containing particles can be detected in serum longer than virions 

containingg HBV RNA. This may be explained by the hypothesis that during HBV 

replicationn DNA containing particles develop from particles with RNA. When the 

replicationn of HBV is hampered by the effect of lamivudine, the RNA containing particles 

whichh arise in the beginning of the replication cycle wil l be the first to be affected. 

Inn conclusion, we show that HBV RNA is cleared more often from the serum of patients 
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thann DNA, and that HBV RNA is cleared faster to levels below detection level than HBV 

DNA.. The effect of therapy on HBV may be measured best by monitoring HBV RNA, 

insteadd of HBV DNA. 

ConcludingConcluding remarks 

Thee liver is a tremendously resilient organ unless it is subjected to a continuous 

assault.. Chronic infection with the hepatitis B virus is such an assault, and can 

resultt in cirrhosis, cancer, and death. HBV infects more than 500 million people 

worldwide.. Hepatitis B is most prevalent in underdeveloped regions like parts of 

Southeastt Asia, China, and Africa. 

Thee usual diagnostic hepatitis B laboratory profile consists of assays for (I) hepatitis B 

surfacee antigen, (II) antibody to hepatitis B surface antigen, and (III ) hepatitis B core 

antibody.. All three tests are commonly performed, to preclude missing the diagnosis 

duringg a window period. A window period occurs when the surface antigen has been 

clearedd and the surface antibody has not yet risen during the convalescence period. The 

assayss presented in this thesis (chapter 2 and 6) provide additional means to monitor 

HBVV infection especially in these stages. The usefulness of the HBV DNA and RNA Retina 

iss further demonstrated in chapters 4-7. In these chapters, multiple clinical findings are 

presentedd which could not have been made as easily with different assays: the 

confirmationn of the hypothesis that HIV coinfection alters the natural history of HBV 

infection;; triple therapy being more effective for treating HBV in HIV-1 coinfected 

individualss than mono or duo therapy; HBV RNA which may be a more sensitive marker 

forr effectiveness of therapy. 

Itt may be clear that still a lot can be learnt about the mechanisms behind HBV/ HIV 

coinfection.. To achieve this, new techniques and new ideas should be continued to be 

explored.. We have made a first step into exploring some of these new directions. 
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