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Effects of HIV‑1 genotype 
on baseline CD4+ cell 
count and mortality 
before and after antiretroviral 
therapy
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To assess whether human immunodeficiency virus type 1 (HIV‑1) genotype influences baseline CD4+ T 
lymphocyte (CD4+) cell count and mortality of patients. The study was conducted from 2014 to 2019 
in Guangxi, China, and included 2845 newly diagnosed HIV patients. We used a median regression 
model to compare CD4+ cell counts in patients newly diagnosed with different HIV‑1 genotypes, and a 
Cox regression model to analyze the associations between HIV‑1 genotypes and mortality before and 
after antiretroviral treatment (ART). In newly diagnosed HIV patients, the baseline CD4+ cell counts 
of patients with CRF01_AE were significantly lower than those of patients with CRF07_BC, CRF08_BC, 
and other genotypes. Compared with CRF01_AE, patients infected with CRF07_BC (hazard ratio, 0.55; 
95% CI 0.36–0.85), CRF08_BC (hazard ratio, 0.67; 95% CI 0.52–0.85), or other genotypes (hazard ratio, 
0.52; 95% CI 0.29–0.94) had significantly lower mortality rates before ART. There were no significant 
associations between different HIV‑1 genotypes and mortality after ART. HIV‑1 genotype significantly 
influences baseline CD4+ cell count and mortality before ART in newly diagnosed HIV patients. We find 
no significant difference in the outcome of death after ART in patients with different HIV‑1 genotypes.

Human immunodeficiency virus (HIV) exhibits a broad range of genetic  heterogeneity1. The HIV epidemic is 
mainly caused by HIV-1 group M, which accounts for at least 90% of HIV infections  worldwide2. HIV-1 group 
M is further divided into distinct genotypes, namely A, B, C, D, F, G, H, J, and K, as well as hybrids resulting 
from recombination between genotypes, known as circulating recombinant forms (CRFs) or unique recombi-
nant forms (URFs)2,3. This genetic diversity is a major obstacle to the development of a vaccine against HIV, as 
an effective vaccine must protect against diverse HIV  genotypes4. Furthermore, HIV genetic diversity may also 
affect virus pathogenicity, disease progression, and response to antiretroviral treatment (ART) among infected 
 patients1,5. A relatively consistent finding is that compared with genotype A, genotype D is associated with 
mortality before ART 6–8. Research on HIV-1 subtypes and ART showed that infection with genotype A results 
in increased mortality compared to that with genotype B in Europe and  Canada9. In China, studies showed that 
CRF01_AE is associated with faster disease progression from estimated seroconversion to acquired immune 
deficiency syndrome (AIDS) compared with non-CRF01_AE in ART-naïve  patients10,11. These aforementioned 
studies revealed that HIV-1 genotype differences contribute to variations in disease progression and ART effi-
ciency. However, studies focused on CRF01_AE featured small participant numbers and short follow-up peri-
ods, which necessitates broader comparisons between one genotype and all other genotypes grouped together. 
Furthermore, only a few studies have focused on the CRF07_BC and CRF08_BC genotypes, which are prevalent 
in  China12–14. In addition, the effects of CRF01_AE, CRF07_BC, and CRF08_BC have not been directly assessed 
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using mortality as a study end point for either ART-naïve participants or those on ART. This question is urgent 
with respect to HIV-1 epidemic in China, as transmission accounts for more than 90% of cases, resulting in 
infections by CRF07_BC, CRF08_BC, and multilineages of CRF01_AE; this is distinct from the single lineage 
epidemic of B genotype prevalent in European  countries12,13,15,16. These genotypes are also increasing rapidly 
among the global proportion of genotypes over  time1,2.

At the end of 2017, more than 70,000 infected patients were living with HIV/AIDS in Guangxi, one of the 
most important epicenters of the HIV epidemic in  China17. Previous studies have shown that the cumulative 
mortality of HIV in Guangxi could reach three times that of the national average and up to nine times that of 
some developed countries, which is likely associated with the late discovery of HIV  infection18–22. In recent years, 
studies have revealed that the prevalence of HIV-1 CRF01_AE, CRF07_BC, and CRF08_BC is expanding rapidly 
in southwestern  China13. Assessing genotypes as risk factors for disease progression and the response to ART is 
both urgent and necessary for better understanding the virus characteristics, justifying the early initiation and 
efficiency of ART, and reducing mortality and transmission rates. This study was performed to investigate the 
effects of HIV-1 genotype on baseline CD4+ cell counts and mortality, before and after ART, among newly diag-
nosed HIV patients. We found that CRF01_AE was significantly associated with a lower baseline CD4+ count 
and higher mortality before ART treatment, and that combination ART treatment is equally efficient among 
HIV patients regardless of their HIV-1 genotype.

Results
Baseline characteristics of study participants. Of the 6,078 HIV patients who were newly diagnosed 
between January 1, 2014 and April 30, 2019, 3237 had blood samples available in storage for HIV-1 genotype 
analysis after western blotting (WB) confirmation tests. Some patients (n = 392) were excluded due to nested 
polymerase chain reactions (PCR) amplification failure (n = 195), length of the nucleotide sequence being less 
than 1000 base pairs (n = 11), mixed bases of nucleotide sequence being more than 5% (n = 9), failure to link 
records (n = 16), no CD4+ T lymphocyte (CD4+) cell count measurements (n = 148), or being under the age of 
18 years (n = 13). Among 2845 patients who met the eligibility criteria, 2845 HIV patients entered the ART-naïve 
cohort (before ART) and 2083 HIV patients were included in the ART cohort (after ART; Fig. 1).

The baseline characteristics of the 2845 patients are shown in Table 1. Most patients were over 50 years of age 
(53.1%), male (74.2%), married or cohabiting (60.5%), Han (81.5%), educated up to primary school level or less 
(55.3%), employed in farming (78.8%), and infected through heterosexual contact (94.2%). The median time 
from HIV-positive diagnosis to baseline CD4+ cell count measurements was 7 days [interquartile range (IQR), 
2–23 days; Table 1]. A phylogenetic genotype tree is shown in Fig. 2. The baseline genotyping data of the 2845 
study participants revealed that the predominant genotype was CRF01_AE for 1687 patients (59.3%; 1221 with 
CRF01_AE Cluster 2, 331 with CRF01_AE Cluster 1, and 135 with other clusters), followed by CRF08_BC for 
728 patients (25.6%), CRF07_BC for 254 patients (8.9%), and other genotypes for 176 patients (6.2%; 59 with 
various other CRFs, 68 with URFs, 37 with CRF55_01B, and 12 with B/B’).

Effects of HIV‑1 genotype on baseline CD4+ cell counts among newly diagnosed HIV 
patients. Table  2 presents the unadjusted and adjusted effects of HIV-1 genotype on baseline CD4+ cell 
counts in newly diagnosed HIV patients. Among 2845 patients, the median (IQR) baseline CD4+ cell count was 
111 cells/μl (31–279), 250 cells/μl (156–377), 205 cells/μl (108–327), and 198 cells/μl (89–355) for CRF01_AE, 
CRF07_BC, CRF08_BC, and other genotypes, respectively. After adjusting for the potential effects of other vari-
ables in a multivariable median regression model, the coefficient of baseline CD4+ cell count was 113 (95% CI 
86–140) in CRF07_BC, 80 (95% CI 65–95) in CRF08_BC, and 72 (95% CI 37–107) in the other genotypes group, 
which was significantly higher than that in the CRF01_AE group.

Effects of HIV‑1 genotype on mortality before ART among newly diagnosed HIV 
patients. Table 3 presents the unadjusted and adjusted effects of HIV-1 genotype on mortality among newly 
diagnosed HIV patients in the ART-naïve cohort between 2014 and 2019. There were 451 deaths in this group 
and a total of 1614.2 person-years were recorded during follow-up. The overall mortality was 31.8 deaths (95% 
CI 29.0–34.9) per 100 person-years among the study patients. The genotype-associated mortality was 42.6 (95% 
CI 38.1–47.5), 16.5 (95% CI 10.6–24.5), 21.9 (95% CI 17.6–26.9), and 12.6 (95% CI 6.5–22.1) deaths per 100 
person-years for patients with CRF01_AE, CRF07_BC, CRF08_BC, and other genotypes, respectively. Before 
ART, the hazard ratios for the association between the genotype and mortality were almost identical in both 
univariate and multivariate models. In multivariate analyses, compared to that in HIV patients infected with 
CRF01_AE, patients infected with CRF07_BC (hazard ratio, 0.55; 95% CI 0.36–0.85), CRF08_BC (hazard ratio, 
0.67; 95% CI 0.52–0.85), and other genotypes (hazard ratio, 0.52; 95% CI 0.29–0.94) had a significantly lower 
mortality rate before ART, respectively.

Effects of HIV‑1 genotype on mortality before ART among newly diagnosed HIV patients with 
baseline CD4+ cell counts < 350 cells/μl. Based on our data showing that HIV patients infected with 
CRF01_AE had lower baseline CD4+ cell counts (cells/μl) than those with other HIV-1 genotypes, we speculated 
that this might lead to a higher death rate before ART. Table 4 presents the subgroup analysis of unadjusted and 
adjusted effects of HIV-1 genotype on mortality among newly diagnosed HIV patients with a baseline CD4+ cell 
count of < 350 cells/μl in the ART-naïve cohort. A total of 424 deaths occurred in this group and 934.9 person-
years were recorded during follow-up. The overall mortality was 45.3 deaths (95% CI 41.1–49.9) per 100 person-
years among the study patients. The genotype-associated mortality was 57.5 (95% CI 51.1–64.4), 26.4 (95% 
CI 16.2–40.3), 32.0 (95% CI 26.6–40.7), and 20.9 (95% CI 10.9–36.2) deaths per 100 person-years for patients 
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with CRF01_AE, CRF07_BC, CRF08_BC, and other genotypes, respectively. The hazard ratios for the asso-
ciation between the genotype and mortality were almost identical in both univariate and multivariate models. 
The resulting multivariate modeling showed that compared to that for HIV patients infected with CRF01_AE, 
patients infected with CRF07_BC (hazard ratio, 0.49; 95% CI 0.31–0.76), CRF08_BC (hazard ratio, 0.60; 95% CI 
0.47–0.77), and other genotypes (hazard ratio, 0.46; 95% CI 0.26–0.82) had a significantly lower mortality rate 
before ART, respectively (Table 4).

Effects of HIV‑1 genotype on mortality after ART among newly diagnosed HIV patients. Table 5 
presents the unadjusted and adjusted effects of HIV-1 genotype on mortality among newly diagnosed HIV 
patients in the ART cohort between 2014 and 2019. In this cohort, 163 deaths occurred and a total of 4301.8 
person-years were recorded during follow-up. The overall mortality was 3.8 deaths (95% CI 3.2–4.4) per 100 
person-years among the study patients. The genotype-associated mortality was 4.1 (95% CI 3.4–4.9), 2.2 (95% CI 
0.9–4.2), 3.9 (95% CI 2.8–5.4), and 2.1 (95% CI 0.7–4.8) deaths per 100 person-years for patients with CRF01_
AE, CRF07_BC, CRF08_BC, and other genotypes, respectively. The results from both univariate and multivari-
ate analyses showed that no genotypes were significantly associated with death in this group (Table 5).

6078 HIV patients diagnosed by WB between 
January 1, 2014 and April 30, 2019

392 excluded
195 PCR amplification failed

11 length of nucleotide sequence < 1000 bp
9 mixed bases of nucleotide sequence > 5%

16 failure to link records
148 with no CD4+ measurements

13 < 18 years of age

3237 HIV patient stored blood samples for 
HIV-1 genotype analysis remaining after WB

2845 HIV patients included in 
ART-naïve cohort (before ART)

762 never receiving ART excluded

2083 HIV patients included in 
ART cohort (after ART)

Outcome
451 died

90 lost to follow-up
2083 started ART

221 survived

Outcome
163 died
210 lost to follow-up
21 stopped ART

1689 survived

2845 HIV patients included in cohort

Figure 1.  Flow diagram of study. ART  antiretroviral therapy, WB western blotting. We performed this 
observational cohort study using data from the HIV/AIDS Comprehensive Response Information Management 
System (CRIMS) in Guangxi, China. Local health workers completed standardized reporting forms recording 
baseline information when HIV patients were newly diagnosed, and follow-up visits then conducted.
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Discussion
In the ART-naïve cohort, there were significant associations between HIV patients with CRF01_AE and lower 
baseline CD4+ cell count at diagnosis, as well as higher mortality, compared with CRF07_BC, CRF08_BC, and 
other genotypes. A previous study showed that the baseline CD4+ cell count in CRF01_AE patients was lower 
than that in non-CRF01_AE patients for men who have sex with  men23. Our study further demonstrates that 
CRF01_AE patients have a lower CD4+ cell count than those with CRF07_BC, CRF08_BC, or other genotypes 
at initial diagnosis in a large population with different transmission routes. Previous studies have suggested that 
CRF01_AE is associated with faster AIDS progression (defined as CD4+ T-cell counts decreasing to < 200 cells/
μl or < 350 cells/μl) compared to that with non-CRF01_AE10,11. We demonstrate for the first time that patients 
with CRF01_AE exhibit a significantly higher mortality compared than those with CRF07_BC, CRF08_BC, 
and other genotypes, in a large observational cohort study. Some studies have described that a lower baseline 
CD4+ cell count is associated with a risk of higher mortality compared to a higher baseline CD4+ cell count in 
HIV  patients24–27. The CD4+ cell count and immune status are intermediate variables between genotypes and 
deaths from the perspective of epidemiological causality. To further avoid bias caused by different genotypes 
with heterogeneous baseline CD4+ cell counts, we performed sensitivityanalysis using a multivariate Cox model 
grouped by CD4+ cell count and obtained consistent results. It has been suggested that the CRF01_AE genotype 
is an independent risk factor for mortality in ART-naïve patients, compared with the CRF07_BC, CRF08_BC, 
and other genotypes. The entry of HIV into immune cells is highly dependent on the interaction of the viral 
envelope (R5 tropism and/or X4 tropism) with its target co-receptor (CCR5 and/or CXCR4)28, and an accelerated 
CD4+ cell count decline appears to be driven by an elevated proportion of CD4+ cells expressing  CXCR429–31. 

Table 1.  Baseline characteristics of study participants. Data are presented as No. (%) or median (interquartile 
range). χ2 test for categorical data and non-parametric Wilcoxon test for continuous data. # HIV-1 B/B’, 
CRF55_01B, CRFs and URFs.

Variable

Total

HIV-1 genotype

P

CRF01_AE CRF07_BC CRF08_BC Others#

N (%) N (%) N (%) N (%) N (%)

Total 2845 (100.0) 1687 (59.3) 254 (8.9) 728 (25.6) 176 (6.2)

Age at diagnosis, years

18–29 279 (9.8) 143 (8.5) 49 (19.3) 57 (7.8) 30 (17.0)  < 0.001

30–49 1054 (37.1) 593 (35.1) 62 (24.4) 318 (43.7) 81 (46.1)

 ≥ 50 1512 (53.1) 951 (56.4) 143 (56.3) 353 (48.5) 65 (36.9)

Sex 0.001

Male 2112 (74.2) 1257 (74.5) 200 (78.7) 510 (70.1) 145 (82.4)

Female 733 (25.8) 430 (25.5) 54 (21.3) 218 (29.9) 31 (17.6)

Marital status  < 0.001

Married or cohabiting 1722 (60.5) 1038 (61.5) 144 (56.7) 447 (61.4) 93 (52.8)

Single 576 (20.2) 319 (18.9) 67 (26.4) 132 (18.1) 58 (33.0)

Divorced or widowed 547 (19.2) 330 (19.6) 43 (16.9) 149 (20.5) 25 (14.2)

Ethnicity  < 0.001

Han 2320 (81.5) 1360 (80.6) 208 (81.8) 626 (86.0) 126 (71.6)

Zhuang 250 (8.8) 172 (10.2) 23 (9.1) 39 (5.4) 16 (9.1)

Other 275 (9.7) 155 (9.2) 23 (9.1) 63 (8.6) 34 (19.3)

Education level 0.003

Primary school or less 1572 (55.3) 949 (56.3) 123 (48.4) 420 (57.7) 80 (45.5)

Junior middle school or more 1273 (44.7) 738 (43.7) 131 (51.6) 308 (42.3) 96 (54.5)

Occupation  < 0.001

Farm 2243 (78.8) 1336 (79.2) 163 (64.2) 614 (84.3) 130 (73.9)

None-farm 602 (21.2) 351 (20.8) 91 (35.8) 114 (15.7) 46 (26.1)

Transmission route  < 0.001

Heterosexual contact 2680 (94.2) 1630 (96.6) 221 (87.0) 679 (93.3) 150 (85.2)

Male-to-male sexual contact 64 (2.2) 21 (1.2) 28 (11.0) 0 (0.0) 15 (8.5)

Injecting drug use 101 (3.6) 36 (2.1) 5 (2.0) 49 (6.7) 11 (6.3)

Year of HIV infection diagnosis  < 0.001

2014–2015 853 (30.0) 571 (33.8) 58 (22.8) 193 (26.5) 31 (17.6)

2016–2017 1208 (42.5) 716 (42.4) 120 (47.2) 298 (40.9) 74 (42.0)

2018–2019 784 (27.5) 400 (23.7) 76 (29.9) 237 (32.6) 71 (40.3)

Time from HIV diagnosis to baseline CD4+ cell count 
measurements, days 7 (2–23) 8 (2–25) 6 (2–18) 6 (2–19) 8 (3–23)  < 0.001
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Study strain

Refrence strain

CRF01_AE

   Cluster 2

   Cluster 1

CRF55_01B

CRF08_BC

CRF07_BC

B/B’

0.03

g2a_AE.VN.97VNAG201

g2_AE.CN.FJ070013

g1_AE.CN.05GX012

08_BC.97CNGX

07_BC.CN.HEB.X.1114
07_BC.CN.XJ..97CN001

55_01B.CN.HNCS102056

B.MM.mSTD101.AB097870
B.CN.SM.HQ215554

Figure 2.  Phylogenetic tree of HIV-1 Pol. Shimodaira–Hasegawa test was used to alternate the topologies of the 
whole sequences. Branches, representing their respective sequences, forming node with high confidence (> 90%) 
was defined as the same type of genotype. The scale length (range: 0–1) represents the difference between 
sequences (range: 0–100%).
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Table 2.  Effects of HIV-1 genotype on baseline CD4+ cell counts (cells/μl) among newly diagnosed HIV 
patients. Adjusted for age at diagnosis, sex, marital status, ethnicity, education level, occupation, transmission 
route, and year of HIV infection diagnosis.

HIV-1 Genotype Patients, no. (%) CD4+ median (IQR)

Unadjusted Adjusted

Coefficient 95% CI P Coefficient 95% CI P

Total 2845 (100.0) 160 (49–310)

CRF01_AE 1687 (59.3) 111 (31–279) 0 0

CRF07_BC 254 (8.9) 250 (156–377) 139 (117–161)  < 0.001 113 (86–140)  < 0.001

CRF08_BC 728 (25.6) 205 (108–327) 94 (73–115)  < 0.001 80 (65–95)  < 0.001

Others 176 (6.2) 198 (89–355) 87 (46–128)  < 0.001 72 (37–107)  < 0.001

Table 3.  Effects of HIV-1 genotype on mortality before antiretroviral therapy among newly diagnosed HIV 
patients. HR (Hazard ratios) were calculated by means of both univariate and multivariate Cox regression 
analysis, adjusted for age at diagnosis, sex, marital status, ethnicity, education level, occupation, transmission 
route, year of HIV infection diagnosis, and baseline CD4+ cell count per 100 increment.

HIV-1 genotype Patients, no Death, no Person-years

Deaths/100 
person-years 
(95% CI) HR (95% CI) P AHR (95% CI) P

Total 2845 451 1614.2 31.8 (29.0–34.9)

CRF01_AE 1687 324 760.4 42.6 (38.1–47.5) 1.00 1.00

CRF07_BC 254 24 145.7 16.5 (10.6–24.5) 0.42 (0.28–0.63)  < 0.001 0.55 (0.36–0.85) 0.006

CRF08_BC 728 91 415.2 21.9 (17.6–26.9) 0.56 (0.44–0.71)  < 0.001 0.67 (0.52–0.85) 0.001

Others 176 12 95.0 12.6 (6.5–22.1) 0.33 (0.18–0.58)  < 0.001 0.52 (0.29–0.94) 0.030

Table 4.  Effects of HIV-1 genotype on mortality before antiretroviral therapy among newly diagnosed HIV 
patients with baseline CD4+ cell counts < 350 cells/μl. HR (Hazard ratios) were calculated by means of both 
univariate and multivariate Cox regression analysis, adjusted for age at diagnosis, sex, marital status, ethnicity, 
education level, occupation, transmission route, year of HIV infection diagnosis, and baseline CD4+ cell count 
per 100 increment.

HIV-1 genotype Patients, no Death, no Person-years

Deaths/100 
person-years 
(95% CI) HR (95% CI) P AHR (95% CI) P

Total 2284 424 934.9 45.3 (41.1–49.9)

CRF01_AE 1409 303 529.0 57.5 (51.1–64.4) 1.00

CRF07_BC 176 21 78.9 26.4 (16.2–40.3) 0.49 (0.32–0.77) 0.002 0.49 (0.31–0.76) 0.002

CRF08_BC 571 88 269.6 32.0 (26.6–40.7) 0.62 (0.49–0.79)  < 0.001 0.60 (0.47–0.77)  < 0.001

Others 129 12 57.4 20.9 (10.9–36.2) 0.40 (0.22–0.71) 0.002 0.46 (0.26–0.82) 0.009

Table 5.  Effects of HIV-1 genotype on mortality after antiretroviral therapy (ART) among newly diagnosed 
HIV patients. HR (Hazard ratios) were calculated by means of both univariate and multivariate Cox regression 
analysis, adjusted for age at diagnosis, sex, marital status, ethnicity, education level, occupation, transmission 
route, year of HIV infection diagnosis, CD4+ cell count per 100 increment before ART, and antiretroviral 
regimens (grouped by zidovudine-based regimen, tenofovir-based regimen, and other regimens).

HIV-1 Genotype Patients, No Death, No Person- years

Deaths/100 
person-years 
(95%CI) HR (95% CI) P AHR (95% CI) P

Total 2083 163 4301.8 3.8 (3.2–4.4)

CRF01_AE 1,217 111 2699.4 4.1 (3.4–4.9) 1.00 1.00

CRF07_BC 192 8 367.2 2.2 (0.9–4.2) 0.54 (0.26–1.10) 0.088 0.78 (0.37–1.62) 0.501

CRF08_BC 535 39 993.7 3.9 (2.8–5.4) 0.96 (0.67–1.39) 0.833 1.27 (0.86–1.87) 0.223

Others 139 5 241.5 2.1 (0.7–4.8) 0.51 (0.21–1.26) 0.144 0.95 (0.38–2.39) 0.909
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Researchers have shown that CRF01_AE has a higher degree of X4 tropism than non-CRF01_AE in patients 
infected via sexual  transmission10.

In the ‘after ART’ cohort, our analyses revealed no significant difference in mortality among HIV patients with 
different genotypes, in either univariate or multivariate Cox models. In this study, the 6-year follow-up mortality 
of HIV patients after ART was an average of 3.8 deaths per 100 person-years, which is slightly higher than the 
mortality rates of some developed countries, such as England and  Canada20,21. Previous studies have shown that 
there is no significant difference in immune recovery between CRF01_AE and B strains in a combined ART 
 cohort32. Recently, researchers found that compared to that with CRF07_BC, CRF01_AE is associated with a 
lower CD4+ cell count recovery and a slower rate of immune recovery in combined ART 33. Our study is the first 
to show that there is no difference in the therapeutic efficacy of combined ART among patients with CRF01_AE, 
CRF07_BC, CRF08_BC, and other genotypes, using death as the endpoint. Previous studies have shown that 
AZT exhibits a higher efficacy against viruses with R5 rather than X4 tropism. This might be explained by the 
fact that CCR5-expressing activated memory T cells demonstate a high efficiency in the activation of reverse 
transcriptase  inhibitors34–36. Some nucleoside reverse-transcriptase inhibitors, like 3TC, are activated equally 
in both CCR5 and CXCR4 of target cells, and drugs do not require activation, such as the protease inhibitor 
ritonavir, show equal activity against both CCR5- and CXCR4-specific  variants28,36,37.

This study showed that CRF01_AE, CRF07_BC, and CRF08_BC were the dominant HIV genotypes in 
Guangxi from 2014 to 2019. CRF01_AE comprised the largest proportion of the endemic strains and was com-
posed mainly of CRF01_AE cluster 1 and cluster 2. It is worth noting that prostitutes from Vietnam have been 
active in the southern border area of Guangxi in recent years. CRF01_AE cluster 2, which accounts for the biggest 
proportion of the strains comprising the local epidemic in southern Guangxi, shows high genetic homology with 
the Vietnamese reference strain, according to a previous  study38. CRF01_AE cluster 1, which is mainly prevalent 
in northern Guangxi, was reported to have originated in  Thailand16,39. Our phylogenetic tree of HIV strains from 
the Guangxi epidemic show that these strains have formed many short branches in their evolutionary lineage, 
suggesting that the HIV epidemic in this area spread rapidly over a short period.

Several limitations of this study should be noted. First, censoring of information caused by loss to follow-
up and ART initiation might lead to informative bias regarding the mortality rates of the ART-naïve cohort, 
particularly if the censoring was not random. Nevertheless, we have made an effort to measure (and include in 
the model) any covariates that are likely to affect the rate of censoring. Furthermore, we did not observe any 
differences between genotypes regarding rates of loss to follow-up and ART initiation in the ART-naïve cohort. 
Second, in this study, the CRF01_AE strains cluster 1 and cluster 2 comprised the bulk of the CRF01_AE infec-
tions in Guangxi, which does not cover all clusters of CRF01_AE found in China. It should be noted that we did 
not find any difference in mortality between CRF01_AE clusters 1 and 2 (data not shown).

However, these limitations do not invalidate our conclusions. This is the first large cohort study in a real-
world setting to evaluate the effects of CRF01_AE, CRF07_BC, CRF08_BC, and other genotypes on baseline 
CD4+ cell counts and mortality before and after ART among newly diagnosed HIV patients. This study revealed 
that there is a high risk of AIDS mortality for HIV patients due to the rapid progression of CRF01_AE in ART-
naïve patients, and showed that combination ART is equally efficient among HIV patients regardless of HIV-1 
genotype. Our findings highlight the significance of early detection and timely treatment to reduce the risk of 
AIDS-related mortality.

Materials and methods
Study population and design. We performed an observational cohort study using data from the HIV/
AIDS Comprehensive Response Information Management System (CRIMS), a Web-based real-time informa-
tion collection and maintenance database for the national HIV epidemic in China, which has been described 
 elsewhere40–42. Local health workers completed standardized reporting forms recording baseline information 
when HIV patients were newly diagnosed, and follow-up visits were conducted every 3 months before ART. For 
patients starting ART, follow-up visits occurred at 0.5, 1, 2, and 3 months, and then every 3 months thereafter. 
This study focused on patients from Guangxi, rural Southwest China. Data were collected from January 1, 2014 
to April 30, 2019. The eligibility criteria were HIV-1 patients newly diagnosed between January 1, 2014 and April 
30, 2019, age ≥ 18 years, baseline CD4+ cell count measurements, and willingness to participate based on writ-
ten informed consent when entering CRIMS. Patients with unqualified HIV-1 sequences or the inability to link 
records were excluded.

Typically, baseline CD4+ cell counts would be measured immediately after patients are newly diagnosed as 
HIV positive. Since 2014, the national criteria for starting ART are (1) CD4+ cell count < 500 cells/μl, (2) AIDS 
progression to III/IV stage, or (3) willingness to receive ART, regardless of CD4+ cell counts or AIDS progres-
sion. In 2016, these guidelines were changed to offer free ART to all HIV-infected patients, regardless of CD4+ 
cell counts, with the provision of informed consent. According to the WHO guidelines, the current first-line 
combined ART regimens in China include tenofovir (TDF) or zidovudine (AZT) with lamivudine (3TC) and 
efavirenz or nevirapine. The second-line ART regimens include TDF or AZT with 3TC and lopinavir-ritonavir43.

Procedures. Our study assessed three outcomes as follows: baseline CD4+ cell count at the time of diagno-
sis, mortality before ART (ART-naïve status), and mortality after ART (ART status).

The baseline characteristics and CD4+ cell counts of newly diagnosed patients in Guangxi were extracted from 
the CRIMS database. Patients were successively stratified by treatment status into ART-naïve and ART cohorts, 
according to ART initiation time. The ART-naïve cohort included HIV patients during the period spanning the 
date of diagnosis to the date of starting ART, or for patients who did not start ART, to the end of April 30, 2019. 
The ART cohort included HIV patients from the date of starting ART to April 30, 2019. To assess mortality 
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before and after ART as a life-long process, patients who received ART after being newly diagnosed could be 
initially placed in the ART-naïve cohort and then moved to the ART cohort, as these groups were separated by 
ART initiation time.

The variables of the baseline characteristics included age at diagnosis, sex, marital status, ethnicity, education 
level, occupation, transmission route, year of HIV infection diagnosis, and time from diagnosis to baseline CD4+ 
cell count measurements. At follow-up, the following characteristics were assessed: duration of ART-naivety, date 
of ART initiation, initial ART regimen, duration of ART, cessation of ART, and survival status.

To analyze the effects of HIV-1 genotype on mortality before or after ART among newly diagnosed HIV 
patients, we used the time to death as a study endpoint. For ART-naïve patients, time zero was defined as the 
date of HIV diagnosis. Data were censored on the date of ART initiation or on April 30, 2019, the study endpoint. 
For ART patients, time zero was defined as the date of starting ART and data were censored on April 30, 2019.

Laboratory methods and genotype analysis. HIV-1 RNA was extracted from 200 µl of stored blood 
samples, remaining after western blot (WB) confirmation tests, using the QIAamp Viral RNA Mini kit (Qiagen, 
Hilden, Germany) according to the manufacturer’s protocol. This HIV-1 RNA pol region encodes regions of 
the reverse transcriptase and protease genes (HBX2: 2253–3553), which were amplified by nested polymerase 
chain reaction (PCR) with commercial primers according to previously published  methods44,45. The PCR prod-
ucts were purified using a QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany) and sequenced by Sanger 
sequencing on an ABI3730xl sequencer (Life Technologies, Foster City, CA, USA) with the BigDye Terminator 
v3.1 kit (Life Technologies, Foster City, CA, USA). Unqualified sequences (length of nucleotide sequence < 1000 
base pairs, mixed bases of nucleotide sequence > 5%) were excluded as per laboratory regulations.

The Fasttree 2.146 software program was used to estimate an approximate maximum likelihood phyloge-
netic tree for the pol sequences, together with reference sequences, using a general time reversible model with 
g-distributed (G4) among-site rate heterogeneity. The Fasttree program made use of the Shimodaira-Hasegawa 
test to alternate topologies of the whole sequences and calculate the confidence of each node in phylogenetic 
trees. The final maximum likelihood tree was visualized using the FigTree software program, v1.4.2 (https ://tree.
bio.ed.ac.uk/softw are/figtr ee/).

Statistical analysis. We analyzed differences between the various genotypes using χ2 tests (for categorical 
data) and non-parametric Wilcoxon tests (for continuous data). We estimated the median baseline CD4+ cell 
count by genotype among newly diagnosed HIV patients using univariate and multivariable median regression. 
Mortality was calculated based on Poisson distributions, in units of mortality per 100 person-years of follow-up. 
We performed both univariate and multivariate Cox proportional hazard models to evaluate the effects of HIV-1 
genotype on mortality before and after ART among newly diagnosed HIV patients, respectively. To control for 
potential bias and avoid the influences of other variables, the baseline characteristics of age at diagnosis, sex, 
marital status, ethnicity, education level, occupation, transmission route, year of HIV infection diagnosis, and 
baseline CD4+ cell count were included as control variables in the multivariate median regression model and 
multivariate Cox proportional hazard  model23,47,48.

A two-sided p-value of 0.05 or less was regarded as statistically significant. All analyses were performed using 
SAS 9.4 (SAS Institute, Inc., Cary, NC, USA).

Ethics statement. This study was reviewed and approved by the institutional review board of the National 
Center for AIDS/STD Control and Prevention (NCAIDS), China CDC. The requirement for informed consent 
to participate in the study was considered unnecessary, as all patients provided informed consent when entering 
CRIMS at the time of diagnosis.

Data availability
Guangxi Center for Disease Control and Prevention permitted researchers to use the database in this study.
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