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Recently, prevalence of hepatitis B virus (HBV), and hepatitis C virus (HCV) co-
infection with Human immunodeficiency virus (HIV), has dramatically increased 
worldwide due to their shared routes of transmission. Compared to the sporadic 
infection with HIV, HBV, and HCV, concurrent infection with these agents increases 
the complications of these viruses. Furthermore, co-infection may also alter the 
therapeutic strategies against HIV. Accordingly, choosing appropriate biomarkers to 
detect these co-infections is one of the main concerns in the field of diagnostic 
pathology. Up to now, several markers have been introduced for the simultaneous 
diagnosis of HIV, HBV, and HCV.  

In this regard, serum adenosine deaminase activity (ADA), FibroTests, AST-to-
Platelet Ratio Index (APRI), Fibrosis-4, Hyaluronic acid, and micro ribonucleic acids 
(MiR) have been investigated as potential biomarkers for  diagnosis of HIV-HCV/HBV 
co-infections.  
This review summarizes  diagnostic values of the current and emerging biomarkers in 
HIV patients concurrently infected with HBV and HCV. 
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Introduction
Acquired immune deficiency syndrome (AIDS) is a 

potentially life-threatening infection caused by the 
human immunodeficiency virus (HIV) (1). The 
worldwide rate of HIV infection by the end of 2021 was 
about 38.4 million [33.9 million–43.8 million] people 
and caused more than 500000 [510 000–860 000] death 
in this year (WHO, 2022) (2, 3). Two important 
lentiviruses named as human immunodeficiency viruses 
types 1 and 2 (HIV-1 and HIV-2) have been identified 
as the main causes of AIDS (4). The HIV-1 mainly 
spreads by sexual, percutaneous, and perinatal routes 
(5). Altogether, the HIV-2-infected patients have a lower 
viral load compared to the HIV-1 individuals, which 
may explain the lower transmission rates of HIV-2 and 
the near complete absence of mother-to-infant 
transmissions. Although HIV-2 infected patients show 
clinical symptoms like HIV-1, most infected patients do 
not experience disease progression to AIDS  (6, 7).  

Similar to HIV, hepatitis B virus (HBV) and hepatitis 
C virus (HCV) are among the top 10 leading causes of 
infectious disease deaths worldwide (8). In fact, due to 
the shared modes of transmission, dual infections by 
HIV and HCV/HBV and triple infections are highly 
prevalent (8-11). Overall, in Western countries it is 
estimated that 25-30% of people living with HIV are 
co-infected with HCV, and 6-14% with HBV (8). 

Furthermore, the prevalence of HBV/HCV is about 
1.4% (12). 

Due to the significant impact of co-infection on the 
lifespan, severity of the HIV syndrome, and also the 
selection of appropriate therapeutic strategies, many 
attempts have been made to find clinically appropriate 
biomarkers for  diagnosis and screening of HIV and its 
co-infections with HBV and HCV.  

Given the above introduction, the present review 
aims to summarize the recent data on the potential 
diagnostic biomarkers for the HIV co-infection with 
HBV or HCV. To this end, first, the markers used for the 
diagnosis of HIV are briefly described. Then, markers 
used for  diagnosis or monitoring of HIV co-infection 
with HBV and HCV along with indicators used to assess 
liver damage in co-infected patients are criticized. 

Diagnosis of HIV Mono-Infection 
Detection of HIV specific antigens and antibodies in 

the biological fluids of infected patients is the main 
strategy for the diagnosis of HIV-1 infection. 
Accordingly, many commercially rapid tests are 
presented as important tools for the surveillance, 
screening, and diagnosis (13-15). 

The main markers for  diagnosis of HIV are detecting 
viral RNA, p24 antigen (a viral core protein), and HIV-
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specific antibodies (16). On the other hand, viremia and 
measurement of CD4+ cells are used for the staging 
purposes. Furthermore, for treatment monitoring, 
plasma viral load is widely used. While the viral load 
determines the rate of destruction of the immune system, 
the number of CD4+ cells reveals the degree of 
immunodeficiency. Therefore, it is used to assess the 
stage of infection. Classification of the disease in HIV-
infected patients is done according to the CD4+ cell 
counts and clinical manifestations (e.g. occurrence of the 
opportunistic infections). In this regard, flow cytometry 
analysis is the standard method for quantification of 
CD4+ cells (17). 

The first step in the diagnosis of HIV infection is 
performed by screening antibodies against HIV via 
enzyme immunoassay (EIA). Additionally, a more 
efficient nucleic acid amplification test (NAAT) is used 
for confirmation of the results obtained by EIA. 
Monitoring tests of HIV-infected individuals includes 
measurement of CD4+ cell count to evaluate the 
immune status and viral load to assess the virus 
replication and changes in the viral genome (18). 

According to the last guideline for the diagnosis and 
treatment of HIV infection presented by the Ministry of 
Health and Medical Education of Iran, confirmation of 
the positive cases should be done through an algorithm 
including three laboratory tests. In the first phase, the 
immunoassay assessment based on the third or fourth 
generation of ELISA method or rapid assay is 
recommended. The second and third assessments should 
be performed using the fourth generation of ELISA 
method to confirm the results of the first test. If there are 
two positive and one negative results, this inconsistency 
should be confirmed through a nucleic acid 
amplification test (NAAT). Moreover, updated 
recommendations advice not to use Western blot (WB) 
assay in the HIV testing strategies or algorithms. This 
test takes more time to provide final results and also 
needs highly skilled staff to perform the test and is 
costlier. In a recent systematic review study conducted 

by WHO, two testing strategies including WB/line 
immunoassays and a combination of HIV rapid 
diagnostic tests (RDTs) and/ or EIAs were compared. 
Despite similar accuracy (sensitivity and specificity) 
found for both strategies, the algorithm used WB/line 
immunoassays showed more false-negative and 
indeterminate results. Therefore, resulted in higher 
number of patients recall and retesting after 14 days. One 
other important fault of these results was delay in 
starting the antiretroviral therapy (ART) (19). Basically, 
WB analysis evaluates the presence of antibodies (IgG) 
against viral proteins. It has been already proved that 
WB test fails to identify acute HIV-1 infections. Besides, 
new generations of immunoassay tests have higher 
sensitivity compared to the WB, therefore, using the 
HIV-1 WB for confirmation of these immunoassays can 
produce false-negative results during seroconversion. 
More importantly, the use of HIV-1 WB in the previous 
algorithm misclassifies the majority of HIV-2 infections, 
which leads to incorrect or delayed diagnosis (20).  

Diagnosis and/or Monitoring of HIV Co-Infection 
Early diagnosis of both HIV mono- and co-infections 

with HBV or HCV is essential to effectively manage the 
infected individuals. Previous guidelines have shown a 
clear algorithm to determine HIV, HBV and HCV in 
chronic or acute cases. These include immunoassays and 
NAAT tests that are accepted by almost all the health 
organizations worldwide. Table 1 summarizes the tests 
used for diagnosis of HIV, HBV and HCV and the stage 
each test is covered. In addition to these approved 
guidelines, there are some studies that introduced several 
biochemical markers which directly or indirectly 
correlate to the HIV mono- or co-infection with HCV 
and HBV. Accordingly, many attempts have been made 
to select or find biomarkers with the greatest 
discriminatory power to distinguish between mono- and 
co-infected individuals (21-23). Having said this, the 
following part discusses the most investigated markers 
that have been proposed in this regard. 

 

Table 1.  Current laboratory tests use for diagnosis HIV, HBV and HCV in suspected patients. 

Disease Diagnostic test Disease status Comment Acute Chronic 

HBV Immunoassay 

HBsAg 
HBeAg 
HBcAg 

+ +/- • Primary serologic test is HBsAg. 
• Antibodies will reach their peak 

usually after 6 months. 
• NAAT test remains positive but 

decreases in chronic state with 
negative e antigen. 

Anti-HBs 
Anti-HBe 
Anti-HBc 

- 
(IgM-HBc 
positive) 

+ 
(IgG-HBc 
positive) 

NAAT + + 

HCV 

Immunoassay Anti-HCV 
Antibody + + • If Anti-HCV is negative but 

clinically indicated, acute HCV is 
probably indicated and can be 

evaluated by qualitative NAAT tests. 
• If Anti-HCV is positive, acute 

state should be confirmed by 
quantitative NAAT test 

NAAT + - 

HIV Immunoassay HIV1/2 
Antibody + +  

NAAT + - 
HBV: Hepatitis B virus; HBsAg: Hepatitis B Surface Antigen; HBcAg: Hepatitis B core Antigen; NAAT: Neucleic acid amplification test; HCV: 
Hepatitis C virus; HIV: Human immunodeficiency virus. 
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Adenosine Deaminase 
Recently, adenosine deaminase (ADA) activity has 

been introduced as a sensitive and rapid diagnostic 
marker in  evaluation of hepatitis and immunodeficient 
patients (24-26).  

ADA (EC 3.5.4.4) is a hydrolytic enzyme involved 
in  deamination of adenosine and deoxyadenosine 
nucleosides, forming inosine and deoxyinosine, 
respectively (27). This enzyme is widely distributed in 
human tissues involved in the immune system 
development (28, 29) through  its important role in 
proliferation and differentiation of the lymphoid cells 
(30).  ADA is also the main regulator of adenosine 
concentration in plasma, which is involved in the 
development of inflammatory response and cytokine 
production (31-33). Two major isoforms of ADA have 
been isolated with different characteristics. ADA1 
exists in all human tissues and ADA2 is the main ADA 
isoenzyme in the serum (30, 34). Both serum total 
ADA activity and its isoenzyme activities have 
frequently been used as diagnostic biomarkers in the 
screening of infectious diseases (24-26, 35-38). 
Recently, a significant increase in ADA activity has 
been reported in HIV–HBV co-infected patients 
confirming the usefulness of ADA activity as a marker 
for  screening and monitoring HIV-positive and 
HIV-HBV co-infected patients among  other diagnostic 
tools (39). 

HIV infection alters serum ADA activity, which 
has an indirect correlation with the reduction of CD4+ 
cell counts (38). It is well established that co-infection 
of HIV with HBV increases the ADA activity much 
more than the mono-infection with HIV or HBV (33, 
37-39). Therefore, since the increase in the enzyme 
activity occurs in the early stages of the disease 
process, some studies have suggested that elevated 
ADA activity should be considered as a potent marker 
for the detection of HIV-HBV co-infection (39). More 
involvement of monocyte-macrophage system in the 
HIV co-infection compared to the mono-infection is 
the main cause of higher ADA activity in co-infected 
patients since this system participates in the immune 
responses and regulates the exact amounts of adenosine 
in the immune cells. Additionally, it has been shown 
that ADA activity has a negative correlation with 
CD4+ cell counts indicating that serum ADA activity 

is increased whilstCD4+ cell count is decreased during 
HIV progression. On the other hand, a strong direct 
correlation has been found between total ADA and 
ADA2 activities. These results suggest that serum 
ADA can be considered as a sensitive marker of an 
ongoing biological insult to the host immune system 
(25, 37, 38).  

The co-enhancement in the rise of total ADA and 
ADA2 activities can be explained by the fact that the 
monocyte-macrophage system, which is involved in 
the immune responses and regulates the exact amounts 
of adenosine in the immune cells, is the main source of 
ADA2 isoenzyme (36). In fact, the increase in total 
ADA activity might be due to the increase in ADA2 
isoenzyme activity, as a strong direct correlation 
(R2=0.945, P<0.05) has been observed between total 
ADA and ADA2 activities (38, 39).   

The clinical sensitivity and specificity of the serum 
total ADA and ADA2 activities for the differentiation 
of the HIV-infected patients from healthy ones are 
about 90.9%, 90.27%; and 93%, 90%, respectively, as 
compared to the EIA and NAAT results (37). A recent 
study has evaluated the sensitivity and specificity of 
these enzymes in differentiating HIV mono- and co-
infections with HBV and HCV in the early stages of 
disease process. Therefore, cut off values for the total 
ADA, ADA1, and ADA2 enzyme activities were 
scored at 58.33 U/L, 4.95 U/L, and 47.73 U/L, 
respectively. This study also showed an acceptable 
sensitivity, specificity, and significant area under curve 
for both total ADA and ADA2 enzyme activities (Table 
2) (39).  

Previous studies suggested that determination of 
the serum total ADA (or ADA2) activity may be used 
as an alternative for the CD4+ cell count, HIV antibody 
screening test by Enzyme-linked immunosorbent assay 
(ELISA) (37), and viral load determination. Finally, it 
should be noted that determination of the total ADA or 
ADA2 isoenzyme activities is a simple, rapid, and 
inexpensive diagnostic tool for  screening and 
monitoring of HIV-infected patients and HIV-HBV co-
infection, compared to the current costly, laborious, 
and time-consuming markers such as CD4+ cell count 
and viral load determination. Hence, it might be of 
great value for  immediate diagnosis of the disease with 
a positive impact on the patient outcome.  

 

Table 2. Diagnostic values for  total ADA and its ADA2 isoenzyme to differentiate HIV mono-infection from HBV and HCV co-
infection patients 

 Sensitivity (%) Specificity (%) PPV NPV AUC 

Total ADA (U/L) 65 82 0.87 0.56 0.732 

ADA2 (U/L) 72 76 0.84 0.60 0.714 

AUC: area under curve; NPV: negative predictive value; PPV: positive predictive value; U/L: units per liter of enzyme activity. 
 

Liver Enzymes  
Elevated levels of the liver enzymes such as alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), and alkaline phosphatase (ALP) have been 

clearly shown in HIV-HBV, HIV-HCV, and HIV-
HBV-HCV co-infected individuals (40-42). Increased 
level of the liver enzymes, especially AST and ALT, 
can be proposed as a predictive marker for the possible 
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liver injuries by the viral hepatitis in the patients with 
HIV infection. However, different studies have 
reported different values for the enzyme activity 
elevation and most of them have not found any 
significant differences in this regard despite the trend 
to elevate in enzyme activity (43-45). Discrepancy 
between liver enzyme levels in different studies may be 
due to the difference in study designs, duration of the 
viral hepatitis infection, and patient’s selection (i.e., 
existence of the patients with chronic alcoholism or 
other drug induced hepatotoxicity in the population) 
(46). In addition, HIV can cause liver fibrosis 
development and elevate liver enzyme levels by 
infecting the hepatic or kupffer cells (47). Furthermore, 
the degree of the liver injury may be high in co-
infection with HBV and HCV. Although the rise in 
transaminases and ALP has been shown in almost all 
studies, most of these researches insist only on 
transaminases. Simply, the higher ALP activity in the 
HIV-HBV co-infected patients is not significant; 
therefore, it cannot be used as a marker for the 
diagnosis of liver involvement in the HIV-infected 
patients. However, the AST and ALT activities show 
higher and significant serum level in the co-infected 
patients, therefore, they can be considered as simple 
and accessible markers for the early diagnosis of liver 
injuries in the HIV patients (possibly due to co-
infection of HIV with HCV or HBV). Although 
transeaminases are sensitive markers for the early 
detection of liver injuries, they cannot discriminate 
which type of viral hepatitis (HBV or HCV) is co-
infected with HIV. Furthermore, it seems that the 
elevation of AST activity is much more than that of 
ALT. For instance, in a recent study, co-infected 
patients had higher proportions of the elevated values 
of AST (86.6%) compared to that of ALT (56.7%) (48). 
It seems that aminotransferases have high association 
with histological activity, but the reported positive 
predictive value (PPV) (about 60%) for these markers 
is low. Conversely, their high negative predictive value 
(NPV) (about 96%) makes these tests effective 
biomarkers for excluding the moderate histological 
activity in the patients with normal values. However, 
there are some studies that reject these results (40, 49). 
It is illustrated that sampling, histological 
classification, patient’s population, and the analyzing 
method may affect the test results. Even though these 
tests are very practical, it should not be ignored that the 
increase in the hepatic enzymes can also be caused by 
other reasons such as alcoholism, lipid lowering drugs, 
antibiotics, and direct hepatic damage due to HIV (46). 

CD4 Cell Count 
Measurement of the CD4+ cell is a good approach 

for monitoring disease activity and/or treatment 
response in the HIV-positive patients. Moreover, CD4+ 
cell count has been introduced as a marker for  detection 
of HIV co-infection with HBV and HCV (38). It has 
been shown that co-infection with HBV or HCV or with 
both of them can strongly decrease the CD4+ count, and 
the decline in CD4+ count is significantly higher in the 

triple co-infection (HIV/HBV/HCV) than in double co-
infection (HIV/HBV or HIV/HCV) (38, 44, 50). This 
low CD4+ count in the HIV co-infected patients may be 
related to the increase in HIV, HBV, and HCV 
reproduction reflecting an immune-suppressed 
condition (43). In a study conducted to discriminate HIV 
mono-infection from HIV-HCV and HIV-HBV co-
infections, the cut-off value of 846 cells/μl was set; 
however, this value was lower in other studies (43, 45, 
50). On the other hand, it is shown that CD4+ cell count 
cannot differentiate the type of co-infection (HBV or 
HCV), though the decrease in CD4+ cell count could be 
suggested as a predicting marker for  possible liver 
involvement (51-53). Furthermore, it should be 
mentioned that the main reason for  reduction in the 
CD4+ cell is the progress in the HIV disease, and the 
reduction in the CD4+ cell count due to viral hepatitis 
may only be proposed when this decrease occurs 
dramatically and in the first stages of HIV infection. 

Determination of Liver Fibrosis 
There have been attempts to develop and validate 

some non-invasive tests for staging the hepatic fibrosis 
as surrogate markers for the liver biopsy. Three indirect 
blood fibrosis markers, AST-to-platelet ratio index 
(APRI), the Fibrosis-4 score (FIB-4), and FibroTest 
were included in the 2014 WHO guidelines for  
management of HCV in low-income countries (54, 55). 
These tests have been validated in HIV, HBV, and HCV 
mono-infections as well as HIV-HBV and HIV-HCV 
co-infections in the different racial and geographical 
areas such as North America, Asia, and Europe (56-60). 
The FibroTest: FibroTest (also known as Fibrosure in 
the US) is an index for the evaluation of liver scarring 
(40, 61-63). FibroTest score can be calculated by 
measuring five serum markers including alfa2-
macroglobulin (α2M) [g/l], apolipoproteinA1 (Apo A1) 
[g/l], total bilirubin (tBil) [micromoles/l], haptoglobin 
(Hp) [g/l], and Gamma-glutamyltranspeptidase (GGT) 
[IU/l]. The above values are located in the following 
formula: 

z=4.467×log[α2M]-
1.357×log[Hp]+1.017×log[GGT]+0.0281×[Age 
(years)]+1.737×log[tBil]-1.184×[Apo A1]+0.301 Sex 
[Female=0,Male=1]-5.54 

As it can be concluded from the above formula, 
FibroTest is not affected by the ethnicity, viral load, and 
the presence of co-morbidities. However, in the 
maximum of 5% of cases such as acute hepatitis and 
extrahepatic cholestasis, the test has no applicability. 

In addition to FibroTest, Actitest is another index 
that has been used for measuring the liver inflammation; 
it uses  alanine aminotransferase (ALT) as well as the 
above five markers. The FibroTest and Actitest are non-
invasive, accurate, and highly reproducible indices that 
simply can score liver damage by evaluating the serum 
biochemical markers (40, 41, 61-63). Previous studies 
have illustrated their potential usefulness in predicting 
the severity of necro-inflammation and fibrosis. 
Furthermore, Actitest is more sensitive than FibroTest, 
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hence, Actitest can be used as a screening test in the 
evaluation of hepatic involvement. In the severe liver 
injuries, conditions that occur in HDV co-infection, 
GGT is introduced as an accurate marker that can be 
used in HBV-related inflammation (40). In addition, 
FibroTest has high NPV (92%) for the diagnosis of 
fibrosis and a value of ≤0.20, which can reliably exclude 
significant fibrosis. On the other hand, FibroTest scores 
higher than 0.80 with PPV=92% can accurately 
diagnose F2-F4 fibrosis scores (i.e. >0.20 and <0.80) 
that may obviate biopsies (Figure 1). 

In the patients with advanced fibrosis caused by 
HBV, α2M will highly increase. On the other hand, in 
this stage, apolipoprotein A1 and haptoglobin are the 
main decreasing biomarkers. However, α2-
macroglobulin has also a positive correlation with 
alcoholic-related liver fibrosis as well as chronic HCV 

(40, 62). Protease inhibitor activity of α2M increases 
production of this protein in the hepatic stellate cells, 
resulting in enhanced fibrosis through reducing the 
destruction of extracellular matrix proteins (64). Similar 
to HBV-related fibrosis, Apo A1 is also reduced in 
alcoholic liver disease and chronic HCV 
(40).Considering the difference between the 
pathogenesis of alcoholic liver disease and chronic 
hepatitis B and C, these similarities suggest the potential 
applicability of these proteins in other fibrotic 
conditions. As a result, attention should be paid when 
using this index since it is not specifically used for  
diagnosis of viral-related fibrosis, and it may be altered 
in alcoholic-induced fibrosis (65). 

Overall, the FibroTest is useful for  identification of 
HBV-related fibrosis, and the Actitest seems useful for 
excluding  significant necro-inflammation. 

 

 
                                 Fig. 1. Schematic representation of diagnosis of liver fibrosis according to the FibroTest score. 
 
FIB-4  
Similar to FibroTest, Fibrosis-4 (FIB-4) is a liver 

scarring index. This test produces interesting results in 
the patients co-infected with HIV and HCV using the 
following formula (66): 

FIB-4=(Age (years)×AST(U/L))/(Platelets (〖10〗
^9/L)×√(ALT(U/L))) 

The FIB-4 index has an area under the receiver 
operating characteristic (ROC) curve of 0.76. A 
threshold value of <1.45 has a negative predictive value 
for the exclusion of extended fibrosis of 90%. However, 
a threshold value of >3.25 has a positive predictive value 
for the diagnosis of extended fibrosis of 65% (Figure 2) 
(66). 

The FIB-4 index has some valuable advantages. 
Firstly, its major benefit is that the FIB-4 index is very 
applicable and calculations are simple and quick. 
Secondly, physicians can instantly measure the index in 
clinic. Finally, it is really cheap. In fact, the method for 
obtaining the FIB-4 index does not require especial 
device and additional costs to calculate this index, since 
the constitutive FIB-4 data are included in the standard 
examination of the liver function (age, AST, ALT, 
platelet count). These facts make FIB-4 index a better 

biomarker than the current evaluated non-invasive 
markers for the liver examination in the patients with 
viral hepatitis, particularly in low-income countries with 
high rates of HBV and its co-infections with HCV and 
HIV. The accuracy of this marker is to the extent that it 
can differentiate about 75% of the liver involvement; 
this is the amount that can be detected by FibroTest (67-
69). 

FIB-4 has the area under curve (AUC) of about 85% 
for the diagnosis of sever fibrosis (grade F3 and above). 
In particular, the FIB-4 index can be used for 
differentiating high-grade from moderate-grade fibrosis. 
Overall, the results obtained by this non-invasive 
indicator are consistent with 70% of biopsies (70). 

Ninety-two percent of the calculated results by FIB-
4 index lower than 1.45 is consistent with the degree of 
liver fibrosis. On the other hand, FIB-4 index >3.25 has 
76% agreement with the patient illness. In low value 
cases of FIB-4 index, the discordance is related to the 
young age and normal platelet count. For a FIB-4 index 
>3.25, old age and low platelet count explain the FIB-4 
failures. The FIB-4 index is more practical than 
FibroTest because, contrary to FibroTest, it does not 
require standardization of the biochemical values to be 
used in a reliable manner (70).
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                                  Fig. 2. Schematic representation of diagnosis of liver fibrosis according to the FIB-4 score. 
 
The AST-to-Platelet Ratio Index (APRI) 

APRI is the most reasonably-priced laboratory 
marker for measuring liver fibrosis. In addition, 
especially because most of the HBV- and HCV-infected 
patients live in the regions with limited healthcare 
resources (71, 72), this test is the most affordable tool in 
these low-income countries for evaluation of the early 
liver damage in the HIV mono-infected and co-infected 
patients with viral hepatitis. Although APRI does not 
have a high prognostic value (AUC=0.76), it is a strong 
tool for excluding the significant fibrosis (73). An APRI 
score ≤0.5 is the preferred cut-off value for excluding the 
significant fibrosis in average frequency areas. By using 
this cut-off, about 33% of the liver biopsies can be 
avoided. However, because of low PPV, high APRI 
values (>1.5) are not sufficient index for  classification 
of liver fibrosis in high prevalence regions (74). The 
second most important use of APRI is  application of this 
marker in ruling out the patients without cirrhosis. In the 
values equal to 1 or 2, APRI has 91% and 94% NPV, 
respectively for excluding cirrhosis. On the contrary, due 
to low PPV, it cannot be used for including liver 
cirrhosis. The interesting part is that, among fibrosis 
markers, there is no significant difference between the 
AUCs for the significant fibrosis of the APRI (0.76), 
FibroTest (0.79), FibroMeter (0.78), and HepaScore 
(0.76) (75). Previously, it was supposed that due to HIV-
related or antiretroviral-related thrombocytopenia, the 
accuracy of APRI may decrease; however, surprisingly 
the accuracy of the test does not diminish in the co-
infected patients (73, 76). 

Besides, it seems that APRI values strictly depend on 
the CD4+ counts. There are some investigations that 
prove the effect of CD4+ counts on the APRI 
performance in the HIV-HCV co-infected patients (77-
79). The results of ROC curve analysis of these studies 
show that the AUC obviously decreased in the co-
infected patients with higher CD4+ counts compared to 
the patients with lower CD4+ counts (≤250 cells/mm3) 
(80). In those with higher CD4+ cell counts, the AUC is 
similar to that found in  HIV-negative patients (81). 
Decline in the CD4+ counts directly affects the strength 
of APRI in classifying liver fibrosis. It is shown that 

APRI properly grades liver fibrosis in mono- and co-
infected patients with higher CD4+ counts, but only a 
low proportion of  patients with low CD4+ count is 
clearly classified with this index. In addition, although 
liver biopsy in both mono- and co-infected patients with 
low CD4+ is unavoidable, determination of the liver 
injury in both mono- and co-infected patients with 
higher CD4+ count is much less required for this 
operation. APRI < 0.5 has high negative predictive value 
to exclude significant fibrosis (82). On the other hand, it 
has been proved that in the patients with low CD4+ 
count, this NPV significantly decreased suggesting that 
APRI has more limited utility in this subgroup when 
compared to those with higher CD4+ counts and HIV-
negative patients (73). Low diagnostic value of APRI in 
the patients with low CD4+ count can be explained by 
this fact that HIV infection can cause thrombocytopenia. 
Furthermore, HAART may develop hepatotoxicity by 
mitochondrial toxicity or metabolic dysfunction, and 
these processes can contribute to increased AST levels. 
Finally, treating these patients with antiretroviral agents 
may progress the liver fibrosis through steatosis; 
besides, non-invasive markers cannot reflect this change 
that was validated in groups of patients with less 
coexisting risk factors for disease severity (80). 

Hyaluronic Acid (HA) 
Hyaluronic acid is one of the most important 

glycosaminoglycans (GAGs), which is widely distributed 
throughout the connective, epithelial, and neural tissues 
(83, 84). Recently, hyaluronic acid has been proposed as 
a marker for diagnosing and differentiating the advanced 
stages of fibrosis (85). Hyaluronic acid has a high NPV 
(about 100%) in values lower than 60 µg/L, and it can well 
bring out patients without high stages of liver damage 
(cirrhosis). However, it seems that PPV for this marker is 
not strong enough for diagnosing the end-stage liver 
fibrosis (58). The increased serum hyaluronic acid level 
may be the consequence of an increase in the hepatic 
stellate cell production along with a decrease in 
elimination by hepatic sinusoidal endothelial cells. 
Previous results clearly proved a  correlation between 
serum concentration of hyaluronic acid and liver fibrosis 
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in the patients with HBV and HCV co-infected with HIV 
(86-91).  

It has been shown that the combination of hyaluronic 
acid with albumin and AST has more discriminating 
value than single hyaluronic acid (58). When used 
together, these biomarkers may act as a surrogate for the 
liver biopsy and can truly differentiate patients without 
high-grade liver fibrosis. Overall, hyaluronic acid, solely 
or in combination with AST and albumin, can be used 
for diagnosing liver fibrosis in the patients with high risk 
of liver injuries such as HIV and HBV/HCV co-
infections (92). The results of the previous studies did 
not show any deviation from the results obtained by this 
marker in the HCV or HBV co-infected and mono-
infected patients, hence it can be concluded that co-
infection of HBV with HCV or HIV has no effect on the 
test results. Although the optimal AUC for this marker 
is approximately 0.878, similar to FibroTest, APRI, and 
FIB-4, hyaluronic acid appears to be non-specific and is 
considered more as a fibrosis marker rather than being a 
disease specific index (58). 

Micro RNAs (miRs) 
MicroRNAs (miRs) are non-coding, conserved, and 

small (18-22 nucleotides long) ribonucleic acids that 
regulate gene expression by targeting 3ʹ end of the 
messenger RNA (mRNA) (93, 94). Therefore, they can 
involve in many cellular processes such as 
differentiation, cell proliferation, and apoptosis. 
Recently, the effect of these factors on viral infection, 
fibrosis, and hepatocellular carcinoma (HCC) has been 
demonstrated. In addition, some of these factors have 
been proposed as markers of the liver injury (95, 96).  

It has been shown that the level of miR expression in 
the chronic HCV patients can determine the stage of the 
disease or predict the response to the treatment; hence, 
they can be used as diagnostic markers (97, 98). For 
instance, the increase in miR-21 in HCV individuals 
results in the increase in the viral load, liver fibrosis, and 
tumorigenesis (99, 100). The use of these markers in the 
evaluation of responses to therapy can also be useful; for 
instance, tumors with low level of miR-26 show better 
response to the treatment with IFN than tissues with high 
expression of this miR (101). MiR-122 has a main role 
in the HCV replication and reduction of miR-122 level 
in the liver which leads to the reduction in HCV viral 
load (102, 103). Furthermore, increased expression of 
miR-122 in the patients with HBV will be the outcome 
of severe liver injury (104, 105). In HIV-1, the infected 
T cell expression of miR-122 also increases, and 
interestingly the miR-122 in non-infected cells is 
undetectable (106-108). On the other hand, increased 
expression of some certain miRs such as miR-29, results 
in a decrease in HCV replication (109). MiR-29 can 
weaken the HIV-1 genome by targeting 3′-untranslated 
region (UTR) (110). The reduced level of this miR in the 
patients with HBV is proposed as a prognostic marker of 
fibrosis (103). By targeting 3′-UTR of HIV-1 genome 
and inhibiting this region, miR-223 could act as an anti-
HIV miR (111). Furthermore, it has been shown that 
miR-223 may be considered as a biomarker in the 

patients with HBV-related hepatocellular carcinoma 
(HCC) (112). Nonetheless, conflicting results in this 
regard are abundant. For example, Witwer et al., (113) 
investigated the correlation between miRs profile and 
CD4+ cell count and viral load in the HIV patients and 
healthy subjects where there was no relationship 
between miR profile and CD4+ cell count. Conversely, 
in another study, this finding was rejected and it was 
shown that miR profile strictly correlates with the grade 
and progression of HIV. Recently, miR-122, miR-22, 
and miR-24a are proposed as markers of liver injury in 
the HIV co-infected patients with viral hepatitis (114). 
These markers were highly up-regulated in the HIV co-
infected patients compared to the HIV mono-infected 
ones and had a high correlation with APRI score and 
FIB-4 index. Although circulating levels of miR-122 
and miR-34a are higher in the HIV-HCV co-infected 
patients, the increasing miR in HIV-HBV co-infected 
subjects is miR-22 (114). 

 
Conclusion 

In HIV-infected individuals, co-infection with 
HBV and/or HCV is common due to shared modes of 
transmission. Several markers have been proposed for 
the follow-up of the disease in HIV, HBV, and HCV 
co-infected patients. It is known that HIV accelerates 
progression of the liver disease and results in increased 
morbidity and mortality associated with the viral 
hepatitis. One of the good indices for evaluating the 
liver injury in HIV-viral hepatitis co-infection is 
Fibrotest. Despite the high diagnostic value of 
FibroTest, there is no significant difference between 
the diagnostic value of this index and that of the other 
indices such as FIB-4 and APRI. Hence, the APRI 
score is suggested for monitoring the disease in the co-
infected patients, especially in low-income regions. 
Furthermore, it should not be ignored that there is no 
significant difference between the prognostic value of 
these indices in diagnosing mono-infection and co-
infection. Finally, because none of these markers can 
totally determine liver fibrosis, increasing attention to 
the novel markers like miRs seems necessary. Besides, 
one important issue that must be pointed is that due to 
the lower diagnostic value, these markers are not able 
to completely differentiate co-infection diseases from 
the other non-infection inflammatory situations. 
Therefore, considering clinical history should be 
remained as a main step in management of HIV 
patients with viral co-infection(s). 
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