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Background
The extent that transmitted HIV drug resistance (TDR) contributes to ongoing transmissions is unknown. We explore possible sources of recently 
acquired TDR through a phylogenetic and epidemiological analysis of a large MSM open-cohort.
 
Methods
Between 2000-2006, 1144 HIV-infected MSM from a geographically contained population had infection stage at diagnosis and a dated therapy 
history documented.  Of these, 859 (75%) had HIV pol sequences available (obtained from plasma virus or proviral DNA) from which drug resistance 
mutations (Shafer 2007 et al.) were identified.  Recent HIV infections were defined as: anti-HIV positive test within six months of a negative test; 
STARHS; p24 Ag+/Ab- status and limited western blot. Patients with drug resistance were categorised as: TDR (recent), TDR, (non-recent) or 
acquired. 

Using incidence estimates, and epidemiological data, and through phylogenetic and conservative genetic distance measures, the single most likely 
transmitter for each recently-infected TDR patient was identified. The transmitter was categorised as having acquired resistance or TDR (recently or 
non-recently acquired) at the time the likely transmission took place (dated using the estimated infection date of each TDR).  

Results 
Overall, 178/859 (20.7%) MSM had HIV drug resistance mutations, of which 13 (7%) had recent TDR.  The remainder had non-recent TDR (17% 
(31)), acquired resistance (41% (74)) but for 60 cases (34%) the origin of resistance could not be categorised.  Of the 13 with recent TDR, the most 
likely transmitter was identified in 4 (31%) cases, two of which had non-recent TDR, and two had acquired resistance.  Around the estimated time of 
transmission, those untreated transmitters with TDR had viral loads of >20,000 copies/mL and those with acquired resistance had interrupted 
therapy with viral loads of >550,000 copies/mL.  The most likely transmitter could not be identified for 69% (9) of MSM with recent TDR, indicating a 
substantial proportion may have been derived from MSM with undiagnosed infection.

Conclusions
This exploratory analysis identifies those with undiagnosed infection, together with high viral load as risk factors for the onward transmission of 
resistant strains.  Our data support earlier HIV testing and initiation of ARVs as public health measures. 

Patients infected with HIV strains that are resistant to antiretroviral therapy 
(ARV) are less likely to be treated successfully1 and have an increased 
risk of death2,3. Patients with transmitted drug resistance (TDR) may have 
been infected by individuals with acquired resistance or individuals who 
were infected with drug resistant strains themselves.  Furthermore, due to 
the relative fitness of specific mutations, TDR may be affected by the 
infection stage of the transmitter (recent, or non recent4).  It is important to 
ascertain the extent each group contributes to TDR to improve targeting of 
prevention initiatives. We explore possible sources of recently acquired 
TDR through a phylogenetic and epidemiological analysis of a large MSM 
open-cohort. 
 

• 1144 HIV-infected men who have sex with men (MSM) from a 
geographically contained population

• Infection stage at diagnosis categorised as “recently” or “non-recently 
infected” ( box 1)

• Viral loads and STI diagnoses documented at diagnosis, and updated 
for each calendar quarter following diagnosis  

• 75% (859) had HIV pol sequences (plasma virus, or proviral DNA) 
from which drug resistance mutations5 were identified

• On basis of infection stage, clinical and ARV history, patients with drug 
resistance mutations categorised as: TDR (recently infected), TDR, 
(non-recently infected) or acquired 

• Phylogenetic reconstruction of possible transmission events 
undertaken (box 2)  

• Most likely transmission source of patients with recent TDR 
ascertained (box 2)

• Characteristics of the transmission sources at around the time of 
transmission are described  

 

The identified transmission sources of patients with 
recently infected MSM with TDR comprised the untreated 
individuals, and those going through a period of treatment 
interruption. The transmission source could not be 
identified for the majority of patients with recently acquired 
TDR, indicating that a substantial proportion may have 
been derived from MSM with undiagnosed infection.   

Identifying the transmission source of patients with 
recently acquired TDR allows the direction and 
approximate date of transmission to be ascertained.  
Provided the clinical history of the dataset is well 
characterised over time, this in turn allows characteristics 
of the transmission source to be ascertained at the time of 
transmission.
 
However, phylogenetic reconstruction cannot be 
guaranteed to identify true transmission events. Also, the 
unidentified transmission sources of the patients with TDR 
may also have come from diagnosed MSM with no 
sequence available, or MSM attending clinical care 
elsewhere.
 

This exploratory analysis identifies and confirms high viral 
load as a risk factor for the onward transmission of 
resistant strains. Critically, it also suggests individuals with 
undiagnosed infection as an important source of 
transmitted drug resistance. Our data therefore support the 
potential impact of earlier HIV testing and initiation of 
highly active antiretroviral therapy (HAART) as public 
health measures.
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The results are summarised in figure 1.  
• Overall, 178/859 (20.7%) MSM had HIV drug 

resistance mutations (table 1). Of these, 13 (7%) had 
recent TDR.  The remainder had non-recent TDR 
(17% (31)), acquired resistance (41% (74)) but for 60 
cases (34%) the origin of resistance could not be 
categorised.  

• Of the 13 with recent TDR, the most likely transmitter 
was identified in 4 (31%) cases, two of which had 
non-recent TDR, and two had acquired resistance.  
The mutation sites were identical between 
transmission sources and the patients with recently 
acquired TDR (figure 2).      

• The attributes of the four transmission sources at the 
time of transmission are described in figure 3. Around 
the estimated time of transmission, those untreated 
transmitters with TDR had viral loads of >20,000 
copies/mL and those with acquired resistance had 
interrupted therapy with viral loads of >550,000 
copies/mL.  The most likely transmitter could not be 
identified for 69% (9) of MSM with recent TDR.

Category

Number with 
drug 

resistance 
mutations

% (N=859)
95% 

Confidence 
intervals

Transmitted drug resistance 44 5.12% 3.8-6.8%
- Recently infected at diagnosis 13 1.51% 0.8-2.6%
- Chronically infected at diagnosis 31 3.61% 2.6-5.1%
Acquired drug resistance 74 8.61% 6.9-10.7%
Could not be categorised 60 6.98% 5.5-8.9%

Total 178 20.72% 18.1-23.6%
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Table 1: summary of drug resistance mutations4

Definitions:
Drug resistance mutations:   defined on the basis of the standardized list of mutations for use in epidemiological studies.  
Recently acquired infection: Patients were categorised as recently infected at diagnosis if they had: anti-HIV positive test 
within six months of a negative test; STARHS6;  p24 Ag+/Ab- status and limited western blot. 

Phylogenetic reconstruction of HIV transmission events:
Sequence were aligned using Sequence Analyser. Drug resistance mutation sites5 were deleted prior to analysisiv.  Due 
to the large sample size, a neighbour joining tree was constructed with 859 sequences with gamma rate heterogeneity set 
at 0.5 and 500 bootstrap replications. Clusters were defined as sequences that shared a common node that had bootstrap 
support of over  99% and genetic distance under 0.015 nucleotide substitutions per site7.  Overall, 209 sequences formed 
a  cluster.  These sequences were taken with 50 sequences, that did not form a cluster selected at random and run 
through ModelTest. A heuristic search was conducted for a maximum likelihood tree using the selected model 
(K81uf+I+G) and its derived parameters (proportion of invariable sites set as 0.4477 and the heterogeneity set at 0.6946). 
The same definition of cluster was used: those clusters that were retained between both trees were retained.   
The possible transmission source was identified as follows.  In order to be considered a candidate transmission source, 
sequences had to form a cluster with the sequence from the TDR patient who was recently HIV-infected at diagnosis. 
Where there was more than one candidate transmitter, the candidate with the shortest genetic distance was chosen as 
the most likely transmitter. Candidate transmitters had to be diagnosed BEFORE the patient with recent HIV infection (or 
the same calendar quarter if the transmitter was chronically infected at diagnosis), or the direction of transmission could 
not be ascertained. Have infection stage and clinical data available around the time of the likely transmission
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Between 2000-06, 859 MSM from local open-cohort had
- HIV pol sequences

- Infection category at diagnosis
- Clinical markers updated for each calendar quarter following diagnosis

19%(159/859) MSM 
recently HIV-infected 

at diagnosis

81% (700/859) MSM 
chronically HIV-

infected at diagnosis

 7% (13/178) were 
recently infected with 

TDR at diagnosis

17% (31/178) were 
chronically infected with 

TDR at diagnosis

41% (74/178) had 
acquired drug 

resistance

34% (60/178) could not 
be categorised as either 

acquired or TDR

* Possible source:
- had to form a robust cluster with the sequence from the patient who was recently HIV-infected at diagnosis (99% bootstrap support and genetic distance <0.015 
nucleotide substitutions per site)
- where there was more than one candidate transmitter, the candidate with the shortest genetic distance was chosen as the most likely transmitter
- candidate transmitters had to be diagnosed BEFORE the patient with recent HIV infection (or the same calendar quarter if the transmitter was chronically 
infected at diagnosis), or the direction of transmission could not be ascertained
- Have infection stage and clinical data available around the time of the likely transmission

Phylogenetic 
reconstruction of 

possible transmission 
events

Patients categorised by 
infection stage at 

diagnosis

Drug resistance 
mutations identified

21% (178/859) 
patients had drug 

resistance mutations

Possible transmission source of 
patients with  recent infection with TDR 
identifed using phylogenetic analysis*

Source of TDR 
could not be found 

for nine

Four (31%)possible 
sources of patients with 

recent infection with 
TDR identified

Two had acquired 
drug reistance

Generated by the 
undiagnosed 
population?

Two were chronically 
infected with TDR at 

diagnosis
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Figure 2: 
Phylogenetic reconstruction of possible HIV transmission events that 
generated patients with recent acquired transmitted HIV drug resistance

Figure 1

 

Figure 3: Attributes of transmission sources of TDR at around the time of transmission
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