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Background: Viral load (VL) is a strong predictor of human immunodeficiency virus (HIV) disease progression. The aim of this study was to evaluate the effect of high baseline VL on antiretroviral therapy (ART) outcomes among HIV-infected patients.

Methods: This retrospective study observed HIV-infected patients who had baseline VL test at ART initiation between 2015 and 2019 in Chongqing, China. Cox proportional hazards regression and logistic regression models were used to evaluate the effects of baseline VL on Acquired immunodeficiency syndrome (AIDS)-related mortality and virologic failure, respectively.

Results: The cohort included 7,176 HIV-infected patients, of whom 38.7% had a baseline VL ≥ 100,000 copies/mL. Of the patients who died during follow-up, 58.9% had a baseline VL ≥ 100,000 copies/mL. Compared with a baseline VL < 10,000 copies/mL, ART initiation at VL ≥ 100,000 copies/mL was significantly associated with the AIDS-related death (adjusted hazard ratio, AHR = 1.4) and virologic failure (adjusted odds ratio, AOR = 2.4). Compared with patients with a baseline VL < 10,000 copies/mL, patients on the recommended first-line regimen with a VL ≥ 100,000 copies/mL at ART initiaition had higher mortality rate (5.1 vs. 1.7 per 100 person-years), but there was no significant difference in the mortality accoding to the initial VL level among patients on second-line ART (2.8 vs. 2.7 per 100 person-years). ART initiation ≤ 30 days after HIV diagnosis was associated with a lower risk of AIDS-related death (AHR = 0.6).

Conclusions: ART initiation with VL ≥ 100,000 copies/mL was associated with a significantly greater risk of mortality and virologic failure. Optimizing the ART regimen and initiating ART early may help to reduce mortality effectively among patients with a high baseline VL. VL testing for all HIV patients is recommended at HIV diagnosis or on ART initiation.
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INTRODUCTION

Currently, antiretroviral therapy (ART) is the most effective intervention to prevent new human immunodeficiency virus (HIV) infections and reduce the risk of Acquired immunodeficiency syndrome (AIDS)-associated mortality (1, 2). The World Health Organization recommends early initiation of ART for all newly diagnosed persons with HIV infection, regardless of the CD4 count. In China, the National Free Antiretroviral Treatment Program (NFATP) was initiated in 2003, and in line with the national AIDS control policy of “Four Frees and One Care”, has scaled-up provision of ART. By the end of 2019, more than 850,000 patients had received treatment nationwide, and 82.9% of patients on ART for at least 12 months had full virological suppression (3). With increased treatment coverage, the overall AIDS-associated mortality has steadily declined in China (4). Despite the rapid roll out of ART in China, HIV remains the leading cause of death among infectious diseases, and AIDS-associated mortality continues to be a public health concern of national importance (5, 6).

HIV viral load (VL) is significantly associated with the degree of active HIV replication, and a high VL predicts faster disease progression to AIDS and death (7). Monitoring of the VL level after ART initiation to assess effectiveness of treatment has been used increasingly in recent years (8, 9). However, baseline VL testing has remained under-utilized in resource-limited settings because of its high cost. Studies suggest that assessments of treatment outcomes should consider the CD4 counts, VL, and duration of ART (10). In the past, the baseline CD4 count was generally used to determine when to initiate ART, following a general consensus that early and immediate ART initiation after HIV diagnosis is most effective (11, 12), baseline CD4 testing is no longer recommended for deciding whether to initiate ART. More researchers have recommended a shift to VL monitoring before and after ART initiation in settings where HIV VL testing is available (13, 14).

It generally takes longer for HIV-infected patients to control viral replication and restore their immune system after ART initiation if they have a high VL. Patients with a high VL at the time of ART initiation are more likely to fail treatment or to develop low-level viremia (LLV) (15–17). In China, HIV infection is often diagnosed late, leading to a delay in presenting for treatment (18), so a considerable proportion of HIV patients initiate treatment with a high baseline VL.

However, there is no guidance on managing patients with a high baseline VL in China. Southwest China is the region with the highest burden of the HIV infection (19). Chongqing, which is located in the southwest China, currently plays an important role in the country's HIV prevention and treatment program (20). By the end of 2019, Chongqing reported ~50,000 surviving HIV patients and 14,000 AIDS-associated deaths. In order to understand the necessity of baseline VL testing, we conducted this retrospective observational cohort study to evaluate the effect of baseline VL on death and virologic failure after initiating treatment.



METHODS


Study Design and Population

This retrospective observational cohort study of HIV patients initiatied on ART was conducted in Chongqing, China. Baseline VL was used to predict the treatment effects on patients' outcomes, including death and virologic failure. Data for individuals who were initiated ART between 2015 and 2019 were extracted from the NFATP database, which contained data on 35,056 individuals. All patients who had baseline VL test were selected. The eligibility criteria for inclusion in the analysis were; age ≥ 15 years when ART initiated, being newly initiated on treatment during the study period, and having follow-up records. A total of 7,176 (20.6%) individuals were included in the analysis. The cohort observations started on the date of ART initiation, with follow-up at 1, 2, and 3 months after ART initiation, and every 3 months thereafter, and terminated on December 31, 2020. All patients were followed up until death, loss to follow-up, or observation termination.



Data Collection

ART data were extracted from the Chinese NFATP information system, a nationwide, real-time, reporting system, which is managed by the National Center for AIDS/STD Control and Prevention (NCAIDS) of the Chinese Center for Disease Control and Prevention (China CDC) (3). In China, all patients newly initiated on free ART and their follow-up information are required to be reported to the information system. Baseline data collected includes age, sex, marital status, transmission route, baseline CD4 counts, last ART regimen, duration from HIV diagnosis to ART, tuberculosis (TB) coinfection, hepatitis B virus coinfection, and baseline VL. The measure of death was AIDS-related mortality. The patient's death information was correlated with another Chinese HIV/AIDS comprehensive response information management system database (HIV case reporting database) by treatment code. A dropout event among surviving patients was defined as cessation of treatment or loss to follow-up for 90 days after missing a scheduled appointment. One-year virologic failure was defined as a VL ≥ 200 copies/mL at 12 (range 6–18) months after treatment initiation. Among patients who had more than one VL test, the VL result closest to the 12-month date was selected. The recommended first-line regimen was tenofovir, lamivudine, and efavirenz (TDF+3TC+EFV), and second-line regimens included lopinavir/ritonavir (LPV/r)-based, and abacavir (ABC)-based regimens, or other affordable options among self-paying patients. All records were anonymous and contained no private personal information. All patients signed an informed consent about ART at initiation of treatment, and their parents or guardians should also sign the informed consent if the patients were <16 years old. This study was approved by the Institutional Review Board of Chongqing CDC.



Statistical Analysis

Death was treated as a time-dependent variable in the data analysis. The observed time was expressed in person-years (PYs). Chi-square tests were used to compare characteristics of HIV patients among baseline groups. Cox proportional hazards regression was used to assess the association between baseline VL and mortality. Logistic regression was used to evaluate the effect of baseline VL on virologic failure. In order to control for potential confounding, all baseline covariates were further entered the adjusted model based on univariate analyses. Based on baseline VL, all participants were categorized into three groups (< 10,000 copies/mL, 10,000–99,999 copies/mL, and ≥100,000 copies/mL). Other potential confounders of the model included age, sex, marital status, transmission route, baseline CD4 counts, last ART regimen, duration from HIV diagnosis to ART, TB coinfection, and hepatitis B virus coinfection. The adjusted hazard ratio (AHR) and adjusted odds ratio (AOR) were calculated using multivariable regression analysis. Two-sided P-values ≤ 0.05 were regarded as statistically significant. All statistical analyses were performed using IBM SPSS Statistics, Version 19.0 (IBM Corp., Armonk, NY, USA).



Sensitivity Analysis of the Effect of Missing VL Data

A sensitivity analysis was conducted to assess the potential bias for individuals with missing VL data at initiation and at 12 months using Chi-square tests. We compared the baseline characteristics of HIV patients according to whether they received a baseline VL test and a VL test at 12 months (Supplementary Tables 1, 2). The results showed that the baseline characteristics of HIV patients with and without a baseline VL result were slightly different. Baseline VL testing was not freely available in all facilities, but as many patients as possible were included in the analysis.




RESULTS


Demographic Characteristics of HIV-Infected Patients

A total of 7,176 HIV-infected patients met the inclusion criteria. The patient characteristics are shown in Table 1. Most individuals were aged between 15–49 years (62.1%). 78.7% were males, and 51.0% were married. The main HIV infection route was heterosexual contact (63.0%), and the most common first-line ART regimen was TDF+3TC+EFV (79.1%). Approximately half of the individuals (50.1%) had CD4 counts <200 cells/mm3 at ART initiation, and most individuals (62.9%) started ART within 30 days after diagnosis. A total of 9.4% of individuals had TB coinfection, and 9.0% had hepatitis B virus coinfection. The percentage of patients with baseline VL results < 10,000 copies/mL, 10,000–99,999 copies/mL, and ≥100,000 copies/mL was 21.0% (n = 1,503), 40.3% (n = 2,893) and 38.7% (n = 2,780), respectively. Among patients with a baseline VL < 10,000 copies/mL, 28.5% had a baseline CD4 count < 200 cells/mm3, while among patients with a baseline VL ≥ 100,000 copies/mL, 72.7% had a baseline CD4 count <200 cells/mm3.


Table 1. Characteristics of HIV patients initiating ART between 2015 and 2019 in Chongqing, China.
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Effect of Baseline VL on Death

A total of 557 patients experienced an AIDS-related death after initiating ART, accounting for 7.8% of the cohort. The overall AIDS-related mortality rate was 2.9 per 100 PYs (Table 2). The proportion of deaths according to baseline VL < 10,000 copies/mL, 10,000–99,999 copies/mL, and ≥100,000 copies/mL was 14.9% (n = 83), 26.2% (n = 146) and 58.9% (n = 328), respectively. ART initiation at VL ≥ 100,000 copies/mL was associated with a significantly higher mortality (AHR = 1.4, 95% CI: 1.1–1.8). Other factors associated with a significantly increased risk of death after initiating ART included age ≥50 years old (AHR = 2.4, 95% CI: 2.0–3.0), use of alternative first-line regimens (AHR = 2.3, 95% CI: 1.7–3.3), TB coinfection (AHR = 1.8, 95% CI: 1.4–2.2), hepatitis B virus coinfection (AHR = 1.3, 95% CI: 1.0–1.7). Factors associated with a significantly decreased risk of death included use of second-line regimens (AHR = 0.7, 95% CI: 0.6–0.9), female sex (AHR = 0.6, 95% CI: 0.5–0.7), homosexual contact (AHR = 0.6, 95% CI: 0.4–0.8), ART initiation ≤ 30 days after HIV diagnosis (AHR = 0.6, 95% CI: 0.5–0.8), and a baseline CD4 count of 200–499 cells/mm3 (AHR = 0.4, 95% CI: 0.4–0.6) or ≥500 cells/mm3 (AHR = 0.3, 95% CI: 0.2–0.6).


Table 2. Effects of baseline viral load on death among HIV patients initiating ART in Chongqing, China, 2015–2019.
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Effect of Baseline VL on Virologic Failure

Of the 5,440 patients who had VL tested at 12 months after treatment initiation, 284 patients (5.2%) exhibited virologic failure (Table 3). Among the patients with virologic failure, 60.6% (n = 172) had a baseline VL ≥ 100,000 copies/mL. The virologic failure rate of patients with a baseline VL < 10,000 copies/mL, 10,000–99,999 copies/mL, and ≥100,000 copies/mL was 2.8, 3.5, and 8.5%, respectively. The adjusted logistic regression model showed that a baseline VL ≥ 100,000 copies/mL was associated with an increased risk of virologic failure, compared with a baseline VL < 10,000 copies/mL (AOR = 2.4, 95% CI: 1.6–3.7).


Table 3. Effects of baseline viral load on virologic failure at 12 months among HIV patients initiating ART in Chongqing, China, 2015–2019.
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Effect of Baseline VL on Mortality According to the ART Regimen

A further analysis of mortality according to baseline VL, stratified by the last ART regimen is shown in Table 4. Among patients on the recommended first-line regimen, patients with a VL ≥ 100,000 copies/mL at ART initiation had a higher mortality rate than those with a VL < 10,000 copies/mL (5.1 vs. 1.7 per 100 PYs), but there was no significant difference in the group of patients treated with second-line regimens (2.8 vs. 2.7 per 100 PYs).


Table 4. Effects of baseline viral load on death stratified by last ART regimen among HIV patients initiating ART in Chongqing, China, 2015–2019.
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DISCUSSION

In this study, a considerable proportion (38.7%) of HIV-infected patients had a high VL (≥100,000 copies/mL) on starting ART. This result is similar to that of an international cohort of European and Australian patients (36.8%) (21). The overall AIDS-related mortality rate in the current study (2.9 per 100 PYs) was consistent with that of a previous study conducted in Chongqing, China (3.0 per 100 PYs) (22), and was similar to a study reported in southwest China's Guangxi Zhuang Autonomous Region in 2017 (2.63 per 100 PYs) (23), so the data of this study were representative of patients with HIV in southwest China.

Our study showed that high baseline VL was one of the factors associated with ART mortality. Approximately 40% of HIV-infected individuals had a baseline VL ≥ 100,000 copies/mL, while ~60% of AIDS-related deaths after starting ART occurred among patients with a baseline VL ≥ 100,000 copies/mL. The adjusted Cox proportional hazards regression model showed that a baseline VL ≥ 100,000 copies/mL increased the hazard of mortality by 40% compared with a baseline VL < 10,000 copies/mL. We suggest strengthening baseline VL measurement among all HIV patients. Currently routine baseline VL testing is not recommended for all HIV patients in China. Most county-level ART clinics have the resources needed to measure VL. Efforts should be made to increase the availability of low-cost equipment for measuring HIV viral load.

Virologic failure and low baseline CD4 counts may have accounted for the increased risk of death among patients with a high baseline VL. It generally takes several months after initiation of ART to achieve VL suppression (24). However, patients with high baseline VL might have a larger HIV reservoir, and may take them longer to achieve viral suppression and immune reconstitution (25). In this study, patients with a high baseline VL had a greater risk of virologic failure at 12 months on ART (AOR = 2.4). Another study conducted in China found that patients with a baseline VL > 100,000 copies/mL were 3.2 times more likely to experience virologic failure (26), and a study on youth with HIV infection found that a low baseline VL was a predictor of viral suppression (AHR = 1.56) (27). Additionally, a high baseline VL can continue to damage the immune system and increase the possibility of opportunistic infections and AIDS-related mortality (28, 29). A study on TB-HIV patients found that patients with higher baseline VL were more likely to experience virologic failure (AOR=1.5) (30). Our study also showed that among patients with baseline VL ≥ 100,000 copies/mL, >70% had a baseline CD4 count <200 cells/mm3, and 17% had TB coinfection. Therefore, HIV patients with high baseline VL are more likely to have poorer treatment outcomes and more disease progression.

These results suggest that optimizing the ART regimen and initiating ART early may help to limit mortality among patients with high baseline VL. A study in Henan region of China showed that long-term second-line ART was effective (31). Another study in Myanmar showed that 66.5% patients with virologic failure were switched to a second-line ART regimen within 6 months after confirmed virologic failure (32). We found that second-line ART was useful for reducing the overall cohort mortality rate, and that among patients on second-line ART regimens, the mortality rates did not differ significantly according to the baseline VL. The proportion of patients that switched to second-line ART was higher in those with a high baseline VL than in those with a baseline VL < 10,000 copies/mL. The reason may be that patients with a high VL may have been started on second-line ART directly or switched to second-line ART after first-line ART failure. During the past 20 years, China has made a great effort to increase access to ART regimens and has continually sought to evaluate and optimize these regimens (33). Patients with a high baseline VL and virologic failure should be switched to a second-line regimen as soon as possible, even without drug resistance results. Additionally, consistent with several other studies (22), the results of this study suggest that early treatment (≤ 30 days after HIV diagnosis) may be associated with reduced mortality. Immediate ART initiation has been included in the Chinese national guidelines, but one third of patients still initiated treatment above 30 days after diagnosis. Moreover, there is an increased risk of HIV transmission to partners when patients have a high VL for a longer time. For reducing HIV transmission, it is more valuable to provide VL testing at HIV diagnosis by employing VL-triggered early treatment.

Our study has some limitations. First, a notable proportion of individuals were excluded from the study because they did not have a baseline VL, which may have biased the results. Many patients did not have a baseline VL result because baseline VL testing is not recommended for all patients in China. Second, records of virologic failure only included individuals tested for VL during the 6–18 months following ART initiation; therefore, some patients without VL results during this time window were excluded from the analysis. Third, the number of deaths might have been underestimated due to unascertained deaths being reported as dropouts.



CONCLUSION

Our study indicated that a considerable proportion of patients had high baseline VL, and that ART initiation with high VL was significantly associated with a greater risk of mortality and virologic failure. Optimizing the ART regimen and initiating ART early may help to reduce mortality among patients with a high baseline VL. All HIV patients should have a baseline VL test at ART initiation. In order to reduce HIV transmission, ideally a VL test should be provided at the time of HIV diagnosis.
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