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Background: Transmitted drug resistance (TDR) is an increasingly prevalent problem worldwide, which will significantly compromise the effectiveness of HIV treatments. However, in Nanjing, China, there is still a dearth of research on the prevalence and transmission of TDR among ART-naïve HIV-1-infected individuals. This study aimed to understand the prevalence and transmission of TDR in Nanjing.

Methods: A total of 1,393 participants who were newly diagnosed with HIV-1 and had not received ART between January 2019 and December 2021 were enrolled in this study. HIV-1 pol gene sequence was obtained by viral RNA extraction and nested PCR amplification. Genotypes, TDR and transmission cluster analyses were conducted using phylogenetic tree, Stanford HIV database algorithm and HIV-TRACE, respectively. Univariate and multivariate logistic regression analyses were performed to identify the factors associated with TDR.

Results: A total of 1,161 sequences were successfully sequenced, of which CRF07_BC (40.6%), CRF01_AE (38.4%) and CRF105_0107 (6.3%) were the main HIV-1 genotypes. The overall prevalence of TDR was 7.8%, with 2.0% to PIs, 1.0% to NRTIs, and 4.8% to NNRTIs. No sequence showed double-class resistance. Multivariate logistic regression analysis revealed that compared with CRF01_AE, subtype B (OR = 2.869, 95%CI: 1.093–7.420) and female (OR = 2.359, 95%CI: 1.182–4.707) were risk factors for TDR. Q58E was the most prevalent detected protease inhibitor (PI) -associated mutation, and V179E was the most frequently detected non-nucleoside reverse transcriptase inhibitor (NNRTI) -associated mutation. A total of 613 (52.8%) sequences were segregated into 137 clusters, ranging from 2 to 74 sequences. Among 44 individuals with TDR (48.4%) within 21 clusters, K103N/KN was the most frequent TDR-associated mutation (31.8%), followed by Q58E/QE (20.5%) and G190A (15.9%). Individuals with the same TDR-associated mutations were usually cross-linked in transmission clusters. Moreover, we identified 9 clusters in which there was a transmission relationship between drug-resistant individuals, and 4 clusters in which drug-resistant cases increased during the study period.

Conclusion: The overall prevalence of TDR in Nanjing was at a moderate level during the past 3 years. However, nearly half of TDR individuals were included in the transmission clusters, and some drug-resistant individuals have transmitted in the clusters. Therefore, HIV drug-resistance prevention, monitoring and response efforts should be sustained and expanded to reduce the prevalence and transmission of TDR in Nanjing.
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Introduction

HIV/AIDS remains a major public health problem in China. The number of people living with HIV/AIDS (PLWH) in Nanjing has been continuously increasing in recent years. As of 2022, there were 6, 564 PLWH. Nanjing, as the capital of Jiangsu Province, is located in east of China and has the second largest number of PLWH in the province. The widespread coverage of antiretroviral therapy (ART) has reduced HIV-associated morbidity and mortality, and has substantially curbed rampant HIV transmission (1, 2). However, with efforts underway to expand ART and pre-exposure prophylaxis (PrEP), as well as more individuals receive antiretroviral drugs for treating and preventing HIV, HIV drug resistance may further increase (3, 4). HIV drug resistance could significantly compromise the effectiveness of HIV treatments, leading to possible increase in HIV incidence and HIV-associated morbidity and mortality (5).

According to the definition of the World Health Organization (WHO), HIV drug resistance is classified into three main categories: acquired HIV drug resistance (ADR), transmitted drug resistance (TDR) and pretreatment HIV drug resistance (PDR) (6). Transmitted HIV drug resistance will occur when individuals are infected with HIV with drug-resistance mutations. Several studies have revealed that TDR of HIV is prevalent but varies in different areas worldwide. For example, the TDR prevalence in German is reported to be 17.2% (7), 4.1% in South/Southeast Asia, 6.0% in sub-Saharan Africa and 9.1% in Latin America/Caribbean (8). A nationwide cross-sectional survey conducted in 2015 revealed the overall prevalence of TDR was 3.6% in China (9). Moreover, some cities reported relatively high TDR prevalence in recent years (10), such as 12.2% in Tianjin (11) and 17.4% in Shanghai (12). TDR may lead to the failure of ART and the spread of drug-resistant strains, posing a challenge to the battle against HIV. Therefore, TDR should be an intensive focus of HIV surveillance to prevent the spread of drug-resistant strains.

Molecular transmission network technology is used to identify the maximum number of clusters and links based on the genetic distance threshold using pol gene sequences (13, 14). When combined with an epidemiological investigation, the genetic relatedness of HIV-1 could partially reflect the unobserved relationship and the spread of TDR among PLWH (15). Analysis of the molecular transmission networks among newly diagnosed PLWH is conducive to understanding TDR and providing insight for ART and HIV prevention strategies (16).

In Nanjing, HIV prevalence among the general population is below 0.07%, but high in key risky population. For example, we reported over 10% HIV prevalence among men who have sex with men (MSM) (17). Among HIV positive cases newly reported in 2022, homosexual transmission, heterosexual transmission and injecting drug transmission accounted for 64.8, 34.7, and 0.5%, respectively. The rate of ADR among patients experiencing failure of ART exceeded 50% in Jiangsu province, and the rate still rising (18). In addition, The PDR rate is 16.3% among 1, 210 patients who initiated ART and the TDR rate was closed to 5% in 2017 (19, 20). The prevalence and transmission of TDR vary across different geographical regions. Given the alarming drug resistance status in Jiangsu Province, urgent attention needs to be paid to master the status of TDR in Nanjing city. However, there is little information available regarding the prevalence of TDR in Nanjing, as well as the specific patterns of its transmission in molecular networks. Thus, we conducted a consecutive cross-sectional study among ART-naïve HIV-1-infected individuals in Nanjing from 2019 to 2021 and aimed to understand the prevalence of TDR and further elucidate its transmission patterns.



Materials and methods


Study subjects and data collection

In our study, 1, 393 ART-naïve individuals newly diagnosed with HIV-1 were enrolled between January 1, 2019 and November 31, 2021. Each patient met the following criteria: (1) Age ≥ 16 years; (2) Confirmed diagnosis of HIV-1 infection; (3) No history of ART. Participants were enrolled at the voluntary counseling testing clinics (VCT) in Nanjing. This study was approved by the Ethics Committee of Nanjing Center for Disease Control and Prevention (Approval ID: PJ2020-A001-03). After the written informed consent obtained from each eligible participants, plasma samples were collected and basic epidemiological such as age, gender, marital status and self-reported transmission routes were recorded upon enrollment.



RNA extraction, nested-PCR, and sequencing of viral DNA

Within 12 h after blood collection, plasma was isolated and kept at −80°C until analysis. Viral RNA was extracted from 200 μl plasma samples using the QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany). The target fragment of 1,059 bp in the pol gene (HXB2:2253–3,312) was amplified using nested polymerase chain reaction (PCR). PrimeScriptTM One Step RT-PCR Ver. 2.0 (TakaRa, China) was used for the first-round PCR procedure and cDNA synthesis. Nested PCR was performed with Ex Taq (TaKaRa, China). The PCR products were sent to Sangon Biotechnology Co., Ltd. for automatic DNA sequencing using ABI 3730XL. The PCR protocol and primers used were as previously described (21).



Subtype analysis

Sequencer 4.10.1 (GeneCodes, Ann Arbor, MI) was used for sequence splicing, and the secondary peak threshold was set to 30% to identify ambiguities. The sequence was aligned with the reference sequences using BioEdit (version 7.0.9, Informer Technologies Inc.). Reference sequences were downloaded from the Los Alamos HIV database and included the major international epidemic strains A-D, F-H, and J-K, as well as the major epidemic recombinant strains in China. A phylogenetic tree with the maximum likelihood (ML) method was constructed for confirmation using the FastTree 2.1. The nucleotide substitution model was GTR + G + I, and support values were calculated by Shimodaira Hasegawa-like test. Clusters with a bootstrap value higher than 0.90 (90%) were defined as the same subtype. The ML phylogenetic tree was imported to FigTree v 1.4.4 for visualization.



Drug resistance analysis

We assessed clinically relevant resistance to protease inhibitors (PIs), nucleoside reverse transcriptase inhibitors (NRTIs), or non-nucleoside reverse transcriptase inhibitors (NNRTIs) using the Stanford University HIV Drug Resistance Database Genotypic Resistance Interpretation Algorithm (version 8.8) and the International Antiviral Society Drug Resistance Mutation list (12). The degree of drug resistance to each ART drug was divided into five levels: susceptible (S, 0–9), potential low resistance (PLR, 10–14), low-level resistance (LR, 15–29), intermediate-level resistance (IR, 30–59), and high-level resistance categories (HR, ≥60). TDR was detected among ART-naïve individuals, and sequences classified as low-, intermediate-, or high-level resistance were designated as drug resistance according to the WHO drug resistance report (6).



Transmission clusters construction

Sequences <1,000 bp in length or containing ≥5% ambiguities were excluded. HIV-TRACE (localized HIV-TRACE, built CentOS 7 platform, wrote program offline) was used to determine the optimal genetic distance threshold and construct molecular network (22). With the optimal threshold of 1.5% genetic distance, the HIV pol gene sequence was compared with the reference sequence, and the genetic distances of paired genes were calculated using the Tamura-NEI 93 model to construct the molecular network of TDR transmission (23). Cytoscape (version 3.6.1) was used to process and generate the molecular network.



Statistical analysis

SPSS (version 18.0, LEAD Technologies Inc.) was used for data analysis. Quantitative data were represented as means ± standard deviation or median (inter-quartile range, IQR). Categorical variable were represented as frequency and percentage, and analyzed using the chi-square test. Linear-by-linear chi-square tests were performed to analyze the trend in TDR prevalence from 2019 to 2021. Univariate and multivariate logistic regression analyses were performed to identify the factors associated with TDR. Variables with a p < 0.05 in univariate analyses were included in stepwise multivariate regression analysis. All results of statistical significance test were reported as p-values. p < 0.05 (two-tailed) was considered statistically significant.




Results


Demographic and social characteristics

We sequenced and analyzed 1,161 samples obtained from 1,393 HIV-1 infected individuals in our research. The median age was 29 years (IQR: 24–43 years), raging from16 to 89 years. The majority of the participants were single (62.4%), while the Han majority accounted for 97.9%. In terms of the education, 59.9% were college and higher, and 22.1% were junior or below. The major transmission route was homosexual transmission (68.9%), followed by heterosexual transmission (30.2%; Table 1).



TABLE 1 Demographic characteristics and factors associated with TDR.
[image: Table1]



Distribution of HIV-1 subtypes

Among the 1,161 successfully amplified sequences, circulating recombinant form (CRF) 07_BC (40.6%) was the predominant subtype, followed by CRF01_AE (38.4%), CRF105_0107 (6.3%), CRF67_01B (3.2%), CRF55_01B (3.1%), subtype B (3.0%), CRF08_BC (2.2%) and CRF68_01B (2.1%). Additionally, another 13 (1.1%) HIV-1 strains did not cluster with any present known reference sequences, and were determined as unique recombinant forms (URFs; Figure 1).

[image: Figure 1]

FIGURE 1
 Phylogenetic tree analysis of nucleotide sequences from 1,161 newly diagnosed individual. CRF, circulating recombinant form; URFs, unique recombinant forms; PIs, protease inhibitors; NRTIs, nucleoside reverse transcriptase inhibitors; NNRTIs, non-nucleoside reverse transcriptase inhibitors.




Prevalence of TDR and the factors associated with TDR

The overall prevalence of transmitted drug resistance was 7.8% (91/1161), including 2.0% (23/1161) to PIs, 1.0% (12/1161) to NRTIs, and 4.8% (56/1161) to NNRTIs. All the HIV-1 strains with TDR displayed a single drug class resistance mutation. From 2019 to 2021, the prevalence of TDR was stable (χ2 = 0.016, p = 0.898), with annual rates of 8.0, 7.8, and 7.8%, respectively. Univariate and multivariate logistic regression analyses showed that compared with CRF01_AE, infection with the Subtype B (aOR = 2.847, 95%CI: 1.093–7.420) and female (aOR = 2.359, 95%CI: 1.182–4.707) were risk factors for TDR (Table 1).



Analysis of HIV drug resistance mutation sites with subtype

Among the 91 drug-resistant individuals, we found 60 kinds of DRM; 24 were associated with resistance to NNRTIs, 14 to NRTIs, and 22 to PIs. Individuals infected with CRF07_BC were most likely to develop PI-related mutations. Q58E (1.2%) were the most prevalent detected PI-associated mutation, and all harbored in CRF07_BC. Individuals infected with CRF01_AE and CRF07_BC were most likely to develop NRTI-associated mutations. The mutation sites primarily comprised M41L (0.2%), M41ML (0.2%), K219E (0.2%) and T215TS (0.2%). Individuals infected with CRF01_AE were most likely to develop NNTRI-associated mutations, followed by CRF07_BC; and V179E (4.9%), V179D (4.0%), V179T (2.2%) and K103N (2.0%) were the most common mutations. Most V179E mutations were detected in CRF55_01B, most V179D mutations were detected in CRF01_AE and CRF07_BC, and all the V179T mutations were detected in CRF01_AE (Figure 2).

[image: Figure 2]

FIGURE 2
 Analysis of drug resistance mutation sites with different subtype. (A) Mutations associated with PIs resistance. (B) Mutations associated with NRTIs resistance. (C) Mutations associated with NNRTIs resistance. PIs, protease inhibitors; NRTIs, nucleoside reverse transcriptase inhibitors; NNRTIs, non-nucleoside reverse transcriptase inhibitors.




Level of resistance to different antiretroviral drugs

The HIV-1 resistance level to a total of 20 common antiretroviral drugs was analyzed based on the drug resistant mutation score. PIs and NRTIs TDR present mostly low-level resistance. Moreover, NNRTI displayed mainly as intermediate-to high-level resistance, except for ETR and RPV, which exhibited primarily LR (8, 0.7% for ETR; 19, 1.6% for RPV; Table 2). For PIs, TPV showed high TDR frequency (1.6%) and the degree of resistance was all at LR (1.6%) As for NRTIs, D4T (0.9%) and AZT (0.8%) presented high TDR frequency and the degree of resistance was mainly at LR (0.6% for D4T, 0.7% for AZT). As for NNRTIs, NVP (4.3%) and EFV (4.0%) showed high TDR frequency and the degree of resistance was mainly at HR (3.3% for NVP, 2.6% for EFV). A total of 38 cases were high-level resistant to any one of NVP or EFV. In terms of the mutations sites among these 38 cases, K103N (60.5%, 23/38) was the most frequent TDR-associated mutation, followed by G190A (21.2%, 8/38).



TABLE 2 Analysis of resistance level against antiretroviral drugs.
[image: Table2]



Drug resistance-associated transmission cluster analysis

We constructed a HIV-1 transmission network using a total of 1,161 sequences (Figure 3). Under the optimal threshold of 1.5% genetic distance, 613 (52.8%) sequences were segregated into 137 clusters in the transmission network, ranging from 2 to 74 sequences. Of the sequences in the network, 40.8% (250/613) were CRF07_BC and 33.9% (208/613) were CRF01_AE. We found that 66.4% (407/613) occurred in homosexual individuals and 32.3% (198/613) in heterosexual individuals. In the largest cluster and the second largest cluster (consisting of 74 individuals and 46 individuals, respectively), MSM was the major route of transmission (71.6 and 89.1%, respectively; Figure 3A).

[image: Figure 3]

FIGURE 3
 Drug resistance within HIV-1 transmission clusters for different transmission route (A) and different year (B). PIs, protease inhibitors; NRTIs, nucleoside reverse transcriptase inhibitors; NNRTIs, non-nucleoside reverse transcriptase inhibitors; sensitive, sensitive to antiretroviral drugs.


We identified that 44 TDR cases (48.4%, 44/91) were included in 21 transmission clusters, of which 43.2% (19/44) were primarily concentrated in 4 clusters. Among the 44 TDR cases, 12 cases had resistance to PIs, 4 to NRTIs and 28 to NNRTIs. The majority were male (84.1%), the major subtypes were CRF01_AE (34.1%), CRF07_BC (34.1%) and CRF105_0107 (15.9%), and the major transmission route was homosexual transmission (61.4%). Univariate and multivariate logistic regression analyses were used to explore the factors associated with TDR in the transmission clusters. Female (aOR = 2.692; 95%CI: 1.112–6.521) and ethnic minorities (aOR = 6.752; 95%CI: 1.601–28.475) were associated with higher risk for TDR in clusters (Table 3).



TABLE 3 Factors associated with drug resistance within HIV-1 transmission clusters.
[image: Table3]

We observed 9 clusters containing interconnected TDR cases (7 clusters with NNRTIs TDR transmission, and 2 clusters with PIs TDR transmission). From 2019 to 2021, we identified 4 clusters that increased in drug-resistant cases during the study period. In addition, one cluster formed in 2019 containing 2 individuals with drug resistance has expanded year by year. This cluster grew to contain 4 individuals in 2020, and 6 in 2021, and all of them within this cluster harbored NNRTIs drug resistance (Figure 3B).

We found that TDR cases were more likely linked to those with the same mutations. Among the 44 TDR cases in transmission clusters, K103N/KN was the most frequent TDR-associated mutation (31.8%, 8 cases in two CRF01_AE clusters and 6 cases in a CRF105_0107 cluster), followed by Q58E/QE (20.5%, 9 cases in four CRF07_BC clusters) and G190A (15.9%, 3 cases in two CRF01_AE clusters, 2 cases in a CRF55_01B cluster and 2 cases in a CRF07_BC cluster). Additionally, 6 cases carried potential low-level resistant mutations (V179D/E; Figure 4).

[image: Figure 4]

FIGURE 4
 Status of subtype and drug resistance mutations within HIV-1 transmission clusters.





Discussion

Our study revealed that the major HIV-1 genotypes detected in Nanjing were CRF07_BC, CRF01_AE and CRF105_01B. Our result was similar to those of the study conducted in Zhejiang province (close neighbor of Jiangsu) and 30 provinces of China (24, 25). In the past 20 years, the distribution of HIV-1 genotypes in Jiangsu Province has undergone changes. During 2000–2001, the predominant subtypes were B′ and C, but they have been replaced by CRF01_AE and CRF07_BC in recent years, meanwhile more URFs produced (26, 27). In this study, the distribution of HIV-1 genotype in Nanjing also changed over time. Since the first detection of a cluster of novel CRF105_0107 HIV-1 strains among MSM in Nanjing in 2017, the prevalence of CRF105_0107 has risen to 6.3% (28), indicating rapid transmission of CRF105_0107 among the population. The proportion of infection with CRF01_AE declined gradually, while that with CRF07_BC increased gradually. The predominant genotype has changed from CRF01_AE in the period of 2015–2019 to CRF07_BC in the study period (29). A series of surveys in various provinces have shown the essential role of CRF07_BC in HIV-1 transmission among MSM (30, 31). CRF07_BC strains were frequently detected in MSM in some parts of China, and its proportion among MSM in Fujian and Guangdong showed an increasing trend in recent years (17, 31, 32). The dominance of CRF07_BC is likely to be maintained if HIV spread rapidly among MSM. Therefore, our study highlighted the importance of CRF07_BC and CRF105_0107 in HIV control in Nanjing. In addition, we observed some unconfirmed unique recombinant strains, suggesting that the changes and complexity of the distribution of HIV-1 genotype has posed a great challenge for HIV prevention and control in Nanjing.

The overall prevalence of TDR in Nanjing was at the moderate level according to the categorization method of WHO (33). The prevalence remained stable during 2019–2021, and higher than the average level of Jiangsu Province during 2009–2011 (3.2%) (27), as well as some regions of China, such as Beijing and Guangdong (17, 34). Besides, it was almost twice the level (4.02%) of a local survey conducted during 2015–2019 (29). The increase in TDR will affect the antiretroviral therapy and the spread of drug resistance. Therefore, we should carry out in-depth investigation and analysis on the causes of TDR increase from the aspects of drug compliance, late diagnosis, mobility of high-risk groups, etc. Meanwhile, we should strengthen the surveillance of TDR and develop strategy to curb the TDR, such as customized ART prescription based on drug resistance prior to ART. Of the 5 main subtypes, the risk of TDR was almost 3 times greater for subtype B than for CRF01_AE, which was consistent with previous results (35, 36). According to a study of 579 cases with ART failure in Jiangsu Province, patients with subtype B infection were associated with higher incidence of drug resistance compared with those infected with CRF07_BC (37), indicating that patients with drug resistance due to ART failure may transmit their own drug resistant strains to the newly infected individuals. The level of TDR in the subtype B was far above the threshold of the high prevalence level of 10%, therefore, non-first-line regimen, such as integrase inhibitors, could be considered among this population.

We found a significantly higher prevalence of mutations related to NNRTI resistance than PIs or NRTIs resistance. The accelerated development and spread of resistance to NNRTIs is not surprising given the strong selection pressures caused by the long-term use of a limited number of NNRTI drugs (38). The distribution of mutation sites was complex. The most common DRMs were V179E and V179D for NNRTIs; M41L and M41ML for NRTIs; Q58E and L33F for PIs. Previous study has shown that in CRF01_ AE, the potential drug resistance mutations V179D/E can synergistically interact with some polymorphic sites, ultimately leading to the transmission of this mutation site in untreated patients (39). As to genotypes, most V179E mutations were detected in CRF55_01B, which was consistent with the research in Guangzhou and Southwest China (13, 40). Therefore, it is speculated that the V179E mutation may be a polymorphism site of CRF55_01B. In China, the combinatorial therapy with TDF/AZT + 3TC + EFV/NVP has been prescribed as the first-line ART regimen because of the limited availability of drugs. Of note, the TDR prevalence of EFV and NVP, the common two kinds of NNRTI drugs, reached 4%. Moreover, the above two drugs mainly exhibited high-level resistance. In this study, the high-level resistance to EFV and NVP primarily resulted from the mutations K103N, which was similar to previous research (41). These findings highlight the importance of identifying HIV-1 resistance patterns at diagnosis or baseline to guide appropriate choice of antiviral therapy. At present, antiretroviral therapy is free in China, but drug resistance testing is expensive and difficult for patients to afford. Therefore, we hope that the government can introduce policies, such as reducing or subsidizing a portion of the testing fee, or making the testing fee covered by medical insurance.

Of the transmission clusters constructed based on obtained HIV-1 sequences, more than three-quarters of the largest two clusters were comprised of sequences from MSM. Nearly half of the individuals infected with drug resistant strains were included in 21 clusters, in which nearly two-thirds of drug resistance was associated with homosexuality. These results illustrated that MSM may contribute essentially to the spread of HIV in Nanjing, and more efforts should be paid to this group. Additionally, the drug-resistant individuals shared a transmission relationship, and the drug-resistant individuals within 4 transmission clusters has increased over time, indicating that the spread of drug resistant strains has occurred in the transmission network, and similar results have been observed in some regions of China (13, 25, 42). In terms of TDR-associated mutations in transmission clusters, K103N/KN and Q58E/QE were the most frequent TDR-associated mutations. They were mainly in 3 clusters and 2 clusters, respectively, in which they linked with those carrying the same mutations. The above two mutations may have been transmitted for a period and spreading onward in the community. Logistic regression analysis revealed that female, ethnic minorities may be related to higher risk for TDR in transmission clusters. The female cases in the clusters were mainly infected by their positive spouse/fixed sexual partner. They may have more chance of TDR if their positive spouse or fixed partner carry transmission drug-resistant mutations themselves or have acquired drug resistance due to failure of ART. The association of these parameters with TDR transmission should be further investigated and taken into considered when implementing subsequent network-based interventions. Therefore, the transmission pattern of TDR should be monitored routinely and in-depth, and later network-based intervention should focused on the drug-resistant individuals or specific clusters, such as clusters of TDR transmission, or clusters of drug resistant individuals that increase over time.

Our study has several limitations. First, there might be selection bias because the newly diagnosed HIV individuals who did not sign the consent form were not enrolled in our study. Second, participants newly diagnosed with HIV-1 infection enrolled in the study were not newly infected. They may have been infected for a considerable period of time, and the non-resistant strains become the dominant strains in the patients (43), making it impossible to detect drug resistance mutations. Third, our analysis of TDR only concentrated on NRTIs, NNRTIs and PIs, while integrase strand transfer inhibitors (INSTIs) were not included, which became an important part of ART. Recent studies have revealed that despite the low prevalence of INSTI resistance in ART-naive patients in some domestic areas, INSTI resistance has been observed in INSTI-treated patients (44, 45). INSTI resistance monitoring should be considered because prescriptions for INSTI-based regimen are anticipated to increase substantially in the near future.



Conclusion

In summary, this study of 1,161 ART-naïve HIV-1 patients showed diverse and complex distribution of HIV-1 genotypes and mutation site in Nanjing, with CRF01_AE and CRF07_BC as the predominant genotypes. We illustrated that the overall prevalence of TDR was at a moderate level over 3 years. However, nearly half of individuals with TDR were included in transmission clusters, and some drug-resistant individuals have transmitted in clusters. Therefore, HIV drug resistance prevention, monitoring and response efforts should be sustained to reduce the prevalence and transmission of TDR in Nanjing.
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