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Table 1. Socio-demographic and clinical risk factors associated with HBV and HCV co-infections
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Table 2. Mean CD4 changes 180 days after initiation of HAART by HBV and HCV status

The Impact of HBV and HCV co-infections on immunological responses to HAART
• Mean overall CD4 change at 180 days after HAART initiation was 162.8 cells/uL (95% CI: 154.5, 171).
• More advanced HIV clinical stage at treatment initiation and CD4 count before initiation of HAART 
(101-200 vs. <50 cells/Ul, 95% CI: 7, 62.7, p=0.014) were associated with poorer CD4 response. 
• In univariate analysis, HCV was associated with increased mortality (HR 2.36, p=0.002), but this finding 
did not persist after adjusting for mode of infection, CDC clinical classification, CD4 count, and HIV viral 
load (HR 0.80, 95% CI 0.38, 1.67, p=0.546). 
• In multivariate analysis, HCV (HR 2.21, 95% CI 1.45, 3.37, p=0.001) and homosexual contact 
(HR 2.65, 95% CI 1.48, 4.74, p=0.001) remained associated with elevated ALT levels.

*Adjusted for site

Table 3. Overall survival after entry to TAHOD 

*Adjusted for mode of infection, CDC clinical classification for HIV infection, CD4 count before initiation of treatment, and HIV viral load at entry to TAHOD
**Missing value for mode of infection

Table 4. Hazard rates of elevated liver enzyme test after initiation of HAART

The mortality rate associated with human immunodeficiency virus (HIV) infection has declined drastically 
among patients receiving highly active antiretroviral therapy (HAART) [1,2]. Globally, an estimated 33 
million, 350 million and 170 million people are chronically infected with HIV, hepatitis B virus (HBV), and 
hepatitis C virus (HCV), respectively, making these diseases three of the top 10 causes of infectious diseases 
deaths [3-5]. Among the 33 million HIV patients worldwide, about 2-4 million are chronically infected with 
HBV and 4-5 million are chronically infected with HCV [6]. Due to high rates of hepatitis co-infections 
among HIV patients, liver disease is now a leading cause of death among HIV-HCV co-infected patients and 
is becoming an important cause of death among HIV-HBV co-infected patients [7]. Nevertheless, there is no 
clear-cut consensus among hepatologists, virologists, and infectious diseases experts on the treatment and 
management of HIV patients chronically co-infected with HBV and HCV [8]. 

Several studies conducted in Western countries reported that when HAART is initiated, HIV-1-positive 
patients co-infected with HBV and/or HCV are at increased risks of developing side effects, such as liver 
enzyme elevation [9,10]. However, there is limited data exclusively detailing the prevalence of HIV, HBV, 
and HCV co-infections and how the hepatitis co-infections impact the immunological responses to HAART 
among Asian HIV-positive patients. The aims of this study were to assess the HBV and HCV co-infection 
rates and to evaluate their impact on the disease progression of HIV/AIDS patients from TAHOD. 

Introduction

The TAHOD is a multi-center observational cohort study. Patients from seventeen AIDS treatment centers 
in the Asia-Pacific were enrolled. Each center recruited two hundred patients who were regularly attending 
the clinics and were either treated or not treated with antiretroviral therapy [11]. 

Data on socio-demographics, clinical observations, laboratory test results, exposure history, and treatment 
history were collected at each participating center. During the study period, those who ever tested positive 
for HBV surface antigen (HBsAg) or anti-HCV antibody were considered co-infected with HBV or HCV, 
respectively. 

Clinical and demographic risk factors associated with HBV or HCV co-infections  were determined through 
multivariate logistic regression analysis. The impact of hepatitis co-infections on CD4 changes was 
evaluated by multiple linear regression analyses. Cox proportional hazard models were built to determine the 
factors associated with elevated ALT levels and survival. Data collected from the beginning of the study 
until March 2009 were included in analysis.

Methods

Risk factors associated with HBV and HCV co-infections
• In total, 2926 (64%) and 2471 (54%) TAHOD patients were tested for HBV and HCV infections, 
respectively. Of those ever tested, 10.4% were HBsAg-positive and 13.7% had anti-HCV antibodies. 
• Sex, mode of infection, CD4 count and HIV clinical stage at entry to TAHOD were associated with HBV 
infection, whereas sex and mode of infection were associated with HCV infection.

Results

No. No. positive 
(%)

HBsAg

 

testing Univariate Multivariate* No. No. positive 
(%)

HCV antibody testing Univariate Multivariate*

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Total 2,926 305 (10.4) 2,471 338 (13.7)
Gender 
Male 2,045 250 (12.2) 1 1 1,780 272 (15.3) 1 1
Female 881 55 (6.2) 0.48 (0.35, 0.65) 0.001 0.46 (0.33, 0.63) 0.001 691 66 (9.6) 0.58 (0.44, 0.78) 0.001 0.49 (0.35, 0.67) 0.001
Age 
≦30 730 72 (9.9) 1 1 605 124 (20.5) 1 1
31-40 1,272 135 (10.6) 1.09 (0.80, 1.47) 0.596 1.13 (0.83, 1.55) 0.441 1,057 138 (13.1) 0.58 (0.45, 0.76) 0.016 0.88 (0.65, 1.20) 0.428
≧41 924 98 (10.6) 1.08 (0.79, 1.49) 0.621 1.05 (0.75, 1.48) 0.771 809 76 (9.4) 0.40 (0.30, 0.55) 0.001 0.81 (0.56, 1.16) 0.247
Mode of infection 
Heterosexual contact 2,008 187 (9.3) 1 1 1.56 109 (7.0) 1 1
Homosexual contact  533 75 (14.1) 1.59 (1.20, 2.12) 0.001 1.80 (1.20, 2.73) 0.005 544 26 (4.8) 0.67 (0.43, 1.04) 0.072 1.00 (0.54, 1.87) 0.992
Injecting drug use  200 21 (10.5) 1.14 (0.71, 1.84) 0.584 1.46 (0.78, 2.74) 0.237 211 163 (77.3) 45.21 (31.03, 65.85) 0.001 28.56 (17.42, 46.82) 0.001
Blood products 56 7 (12.5) 1.39 (0.62, 3.12) 0.422 0.74 (0.30, 1.85) 0.524 54 30 (55.6) 16.64 (9.40, 29.45) 0.001 27.07 (12.49, 58.66) 0.001
Others 129 15 (11.7) 1.28 (0.73, 2.24) 0.368 1.25 (0.66, 2.36) 0.49 102 10 (9.8) 1.45 (0.73, 2.86) 0.274 3.62 (1.61, 8.14) 0.002
CD4 count at entry to TAHOD (cells/μL) 
≧301 1,283 126 (9.8) 1 1 1,078 89 (8.3) 1 1
201-300 497 51 (10.3) 1.05 (0.75, 1.48) 0.78 0.99 (0.70, 1.41) 0.971 420 58 (13.8)  1.78 (1.25, 2.53) 0.001 1.24 (0.85, 1.82) 0.271
101-200 488 66 (13.5) 1.44 (1.04, 1.97) 0.026 1.37 (0.98, 1.92) 0.067 408 73 (17.9) 2.42 (1.74, 3.38) 0.001 1.20 (0.82, 1.77) 0.349
0-100 361 31 (8.6) 0.86 (0.57, 1.30) 0.481 0.90 (0.57, 1.41) 0.641 287 74 (25.8) 3.86 (2.74, 5.44) 0.001 1.32 (0.85, 2.03) 0.214
Not tested 297 31 (10.4) 1.07 (0.71, 1.62) 0.749 0.68 (0.43, 1.10) 0.117 278 44 (15.8) 2.09 (1.42, 3.08) 0.001 0.87 (0.54, 1.41) 0.583
CDC clinical classification for HIV infection at entry to TAHOD 
Category A 1,206 22 (15.9) 1 1 1,041 119 (11.4) 1 1
Category B 344 33 (9.6) 0.93 (0.62, 1.39) 0.709 0.48 (0.25, 0.92) 0.027 265 30 (11.3) 0.99 (0.65, 1.51) 0.96 1.23 (0.74, 2.04) 0.425
Category C 1,376 148 (10.8) 1.05 (0.82, 1.35) 0.696 0.57 (0.33, 0.98) 0.042 1,165 189 (16.2) 1.50 (1.17, 1.92) 0.001 1.22 (0.91, 1.63) 0.176
HIV viral load at entry to TAHOD (copies/mL)
<400 918 94 (10.2) 1 1 878 72 (8.2) 1 1
400-10,000 207 20 (9.7) 0.94 (0.56, 1.56) 0.804 0.99 (0.57, 1.71) 0.972 138 10 (7.3) 0.87 (0.44, 1.74) 0.702 0.77 (0.37, 1.59) 0.482
≧10,001 249 25 (10) 0.98 (0.61, 1.56) 0.926 0.95 (0.58, 1.53) 0.821 219 17 (7.8) 0.94 (0.54, 1.63) 0.832 0.91 (0.50, 1.64) 0.743
Not tested 1,552 166 (10.7) 1.05 (0.80, 1.37) 0.721 0.86 (0.62, 1.20) 0.387 1,236 239 (19.3) 2.68 (2.03, 3.55) 0.001 1.04 (0.73, 1.49) 0.82

Mean CD4 change 95% CI Univariate Multivariate
No. (cells/uL) Difference (95% CI) p-value Difference (95% CI) p-value

Total 1,184 162.8 154.5, 171
HBsAg
Negative 761 157.2 147.1, 167.3 1 1
Positive 104 145.8 123, 168.6 -11.4 (-41.1, 18.4) 0.453 -4.2 (-40.9, 32.5) 0.822
Not tested 319 181.5 164, 199.1 24.3 (5.4, 43.3) 0.012 31.7 (6.6, 56.8) 0.013
HCV antibody
Negative 750 159 149.2, 168.8 1 1
Positive 69 137.6 115.5, 159.7 -21.4 (-57.2, 14.4) 0.242 -33.5 (-78.1) 0.141
Not tested 365 175.2 158, 192.5 16.3 (-1.9, 34.4) 0.079 16.2 (-8, 40.3) 0.189
Gender
Male 845 164.6 155.1, 174.1 1 1
Female 337 158.6 141.9, 175.3 -6 (-24.4, 12.4) 0.521 -15.9 (-41, 9.2) 0.21
Age (year)
≦30 231 170.8 150.9, 190.7 1 1
31-40 512 171.9 158.7, 185.1 1.12 (-21.4, 23.7) 0.923 14.1 (-15.9, 44.1) 0.357
≧41 441 147.9 135.6, 160.2 -22.9 (-46, 0.23) 0.052 -19.6 (-50.2, 11) 0.209
Mode of infection
Homosexual contact  182 179.24 159.96, 198.53 1 1
Heterosexual contact   895 158.61 148.95, 168.26 -20.64 (-43.84, 2.57) 0.081 -15.56 (-48.22, 17.12) 0.35
Injecting drug use  31 148.81 102.59, 195.02 -30.44 (-85.89, 25.02) 0.282 -20.3 (-91.67, 51.07) 0.577
Receipt of blood 8 227.88 125.44, 330.31 48.63 (-54.46, 151.73) 0.355 31.28 (-103.39, 165.95) 0.649
Others 62 171.82 129.28, 214.37 -7.42 (-49.39, 34.55) 0.729 -11.61 (-68.49, 45.27) 0.689
CDC clinical classification for HIV infection at treatment initiation
Category A 56 195.8 146, 245.5 1 1
Category B 128 181.4 145.6, 217.1 -14.4 (-61.3, 32.5) 0.547 -21 (-69.1, 27.1) 0.391
Category C 588 156.9 146.4, 167.4 -38.9 (-79.8, 2.1) 0.063 -43.6 (-87.2, 0.07) 0.05
CD4 count before initiation of treatment (cells/uL)
≦50 413 155.7 146.5, 164.9 1 1
51-100 181 157.6 139.7, 175.5 1.9 (-23.4, 27.2) 0.884 -4.3 (-33.8, 25.2) 0.774
101-200 306 180.9 163.8, 198.1 25.2 (3.8, 46.6) 0.021 34.8 (7, 62.7) 0.014
201-300 186 174.2 152.8, 195.7 18.5 (-6.5, 43.6) 0.147 -11.2 (-51, 28.6) 0.58
≧301 98 123.6 69.4, 177.8 -32.1, (-64, -0.19) 0.049 -31.5 (-81.2, 18.2) 0.214
HIV viral load at treatment initiation
<400 34 113.7 75.2, 152.1 1 1
400 – 10,000 52 144.2 107.3, 181.1 30.5 (-32.3, 93.3) 0.341 2.8 (-82, 87.7) 0.948
≧10,001 388 166 151.9, 180.2 52.4 (1.4, 103.3) 0.044 37.1 (-30.3, 104.4) 0.28
Not tested 710 164.7 153.7, 175.7 51 (1, 101) 0.046 33.2 (-32.8, 99.2) 0.324

Acknowledgement

HBV and HCV co-infection rates were high in TAHOD patients. There was no strong evidence that HBV 
and HCV had an impact on immunological response and mortality. Only HCV, not HBV, was associated 
with abnormal liver function test results after HAART initiation. This suggests that management of HCV-
co-infected HIV patients requires special attention.

Conclusions

No. 
patients 

Person-years No. death Rate 
(/100 person-years) 

Univariate Multivariate*

HR (95% CI) p-value HR (95% CI) p-value
Total 4,463 16,374.35 181 1.11
HBsAg
Negative 2,621 9,001.87 89 0.99 1 1
Positive 305 1,097.21 10 0.91 0.92 (0.48, 1.77) 0.798 0.74 (0.34, 1.61) 0.45
Not tested 1,637 6,275.27 82 1.31 1.37 (1.01, 1.84) 0.042 1.13 (0.80, 1.61) 0.493
HCV antibody
Negative 2,133 7869.43 64 0.81 1 1
Positive 338 884.05 17 1.92 2.36 (1.38, 4.03) 0.002 0.80 (0.38, 1.67) 0.546
Not tested 2,092 7620.87 100 1.31 1.62 (1.18, 2.21) 0.003 1.21 (0.84, 1.75) 0.303
Gender
Male 3,209 11,609.15 134 1.15 1 0.316 1 0.441
Female 1,350 4,751.85 47 0.99 0.84 (0.61, 1.18) 0.85 (0.57, 1.28)
Age (year)
≦30 1,159 3,865.61 39 1.01 1 1
31-40 2,002 7,385.89 62 0.84 0.86 (0.57, 1.28) 0.444 0.81 (0.52, 1.27) 0.36
≧41 1,402 5,122.86 80 1.56 1.56 (1.07, 2.29) 0.022 1.47 (0.94, 2.29) 0.088
Mode of infection
Heterosexual  3,032 11,514.12 126 1.09 1 1
Homosexual  834 3,014.67 13 0.43 0.38 (0.21, 0.66) 0.001 0.46 (0.24, 0.89) 0.021
IDU  281 602.33 19 3.15 2.82 (1.74, 4.57) 0.001 2.36 (1.36, 4.07) 0.002
Blood products 76 298.35 8 2.68 2.53 (1.24, 5.18) 0.011 2.58 (1.11, 6.00) 0.028
Others 281 871.34 14 1.61 1.33 (0.77, 2.32) 0.306 1.62 (0.84, 3.13) 0.149
CDC clinical classification for HIV infection
Category A 184 680.56 5 0.73 1 1
Category B 509 1912.62 17 0.89 1.22 (0.45, 3.31) 0.695 0.93 (0.34, 2.55) 0.888
Category C 2,073 7593.54 119 1.57 2.21 (0.90, 5.42) 0.082 2.05 (0.82, 5.11) 0.123
Antiretroviral treatment
No treatment -- 1,984.11 44 2.22 1 1
Mono/double treatment -- 129.14 4 3.1 1.56 (0.56, 4.33) 0.398 1.17 (0.35, 3.94) 0.796
Triple or more treatment -- 14,261.10 133 0.93 0.44 (0.31, 0.62) 0.001 0.28 (0.17, 0.44) 0.001
CD4 count before initiation of treatment (cells/uL)
≦50 620 2,039.53 24 1.18 1 1
51-100 321 1,104.50 13 1.18 1.01 (0.51, 1.98) 0.985 1.11 (0.55, 2.24) 0.764
101-200 481 1,735.53 12 0.69 0.59 (0.30, 1.18) 0.138 0.73 (0.34, 1.58) 0.421
201-300 287 1,012.03 9 0.89 0.75 (0.35, 1.61) 0.467 1.59 (0.71, 3.58) 0.259
≧301 153 614.83 2 0.33 0.29 (0.07, 1.22) 0.091 0.35 (0.05, 2.59) 0.303
Note tested 2,701 98.68 121 1.23 1.07 (0.69, 1.66) 0.765 0.96 (0.59, 1.57) 0.885
HIV viral load at entry to TAHOD
<400 44 187.87 2 1.06 1 1
400-10,000 77 306.77 0 -- -- -- --
≧10,001 535 21.05 11 0.52 0.47 (0.10, 2.13) 0.329 1.01 (0.13, 8.02) 0.99
Not tested 3,907 137.75 168 1.22 1.06 (0.26, 2.49) 0.931 1.56 (0.21, 11.4) 0.66

No. patients Person-years No. events Rate (/100 pys) Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value
Total 862 3579.25 199 5.56
HBsAg
Negative 573 2329.47 131 5.62 1 1
Positive 89 391.84 25 6.38 1.19 (0.78, 1.83) 0.419 1.18 (0.77, 1.82) 0.437
Not tested 200 857.94 43 5.01 0.90 (0.64, 1.27) 0.552 0.84 (0.51, 1.38) 0.491
HCV antibody
Negative 556 2437.11 123 5.05 1 1
Positive 82 201.46 27 13.4 2.15 (1.42, 3.27) 0.001 2.21 (1.45, 3.37) 0.001
Not tested 224 674.84 49 5.21 1.00 (0.72, 1.4) 0.98 1.16 (0.72, 1.86) 0.551
Gender
Male 679 2936.78 149 5.07 1 1
Female 181 634.12 48 7.57 1.34 (0.97, 1.85) 0.081 1.37 (0.98, 1.91) 0.063
Age (year)
≦30 193 640.26 37 5.78 1 1
31-40 343 1452.97 90 6.19 1.18 (0.81, 1.74) 0.388 1.22 (0.83, 1.79) 0.313
≧41 326 1486.02 72 4.85 0.96 (0.65, 1.43) 0.853 1.00 (0.67, 1.49) 0.986
Mode of infection
Heterosexual contact 547 2432.48 125 5.14 1 1
Homosexual contact  173 749.36 34 4.54 0.86 (0.59, 1.25) 0.43 0.87 (0.59, 1.27) 0.464
Injecting drug use 60 94.43 22 23.3 2.96 (1.87, 4.69) 0.001 2.65 (1.48, 4.74) 0.001
Blood products 15 56.21 7 12.45 2.27 (1.06, 4.87) 0.035 2.01 (0.87, 4.61) 0.1
Others 61 231.2 9 3.89 0.69 (0.35, 1.36) 0.284 0.69 (0.35, 1.36) 0.282
CDC clinical classification for HIV infection at treatment initiation
Category A 40 201.16 4 1.99 1 1
Category B 128 472.17 29 6.14 2.68 (0.94, 7.62) 0.065 2.48 (0.87, 7.10) 0.09
Category C 478 2157.45 120 5.56 2.73 (1.01, 7.40) 0.048 2.47 (0.91, 6.72) 0.076
CD4 count before initiation of treatment (cells/uL)
≦50 244 1021.18 64 6.27 1 1
51-100 122 531.65 29 5.45 0.88 (0.57, 1.36) 0.564 0.89 (0.58, 1.39) 0.621
101-200 186 753.23 40 5.31 0.81 (0.55, 1.20) 0.299 0.83 (0.56, 1.23) 0.354
201/300 118 448.84 18 4.01 0.59 (0.35, 0.99) 0.046 0.61 (0.36, 1.04) 0.069
≧301 64 294.69 14 4.75 0.77 (0.43, 1.37) 0.376 0.79 (0.44, 1.42) 0.432
Not tested 128 529.66 34 6.42 0.98 (0.65, 1.49) 0.927 0.94 (0.62, 1.43) 0.772
HIV viral load at treatment initiation
≧10001 318 1586.23 69 4.35 1 1
400-10000 38 174.22 11 6.31 1.40 (0.74, 2.64) 0.304 1.34 (0.71, 2.54) 0.371
<400 20 80.53 6 7.45 1.55 (0.67, 3.57) 0.305 1.57 (0.68, 3.63) 0.294
Not tested 486 1738.27 113 6.5 1.31 (0.97, 1.77) 0.083 1.25 (0.91, 1.70) 0.168

Figure 1. TAHOD participating sites

Thailand:
HIV-NAT/ Thai Red Cross, Bangkok
Ramathibodi Hosp, Bangkok
Chiang Mai University, Chiang Mai

Malaysia:
Sungai Buloh Hosp, Kuala Lumpur
University of Malaya, Kuala Lumpur 

Singapore:
Tan Tock Seng Hosp, Singapore

Indonesia:
Udayana University, Bali
Ciptomangunkusumo Hospital, Jakarta

Philippines:
Research Institute of Tropical Medicine, Manila

Cambodia:
NCHADS, Phnom Penh

Taiwan:
National Yang-Ming University, Taipei

People's Republic of China:
Beijing Ditan Hosp, Beijing
Queen Elizabeth Hosp, Hong Kong

Japan:
National Center for Global 

Health and Medicine, Tokyo

India:
YRG Care, Chennai 
Institute of Infectious Diseases, Pune

South Korea:
Yonsei University, Seoul
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8. YRG Centre for AIDS Research and Education, Chennai, India   
9. HIV-NAT/Thai Red Cross AIDS Research Centre, Bangkok, Thailand      
10. Research Institute of Tropical Medicine, Manila, Philippines
11. Beijing Ditan Hospital, Beijing, China                                       
12. National Center for HIV/AIDS, Dermatology & STDs, Phnom Penh, Cambodia
13. Hospital Sungai Buloh, Kuala Lumpur, Malaysia
14. National Center for Global Health and Medicine, Tokyo, Japan

15. Division of Infectious Diseases, Dept. of Internal 
Yonsei University College of Medicine, Seoul, South Korea

16. University of Malaya Medical Centre, Kuala Lumpur, Malaysia
17. Queen Elizabeth Hospital, Department of Medicine, Hong Kong
18. National Centre in HIV Epidemiology and Clinical Research, University of New South Wales, 

Sydney, Australia 
19. TREAT Asia/amfAR—The Foundation for AIDS Research, Bangkok, Thailand 
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