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Abstract

Identification of recent HIV infection within populations is a public health priority for accurate

estimation of HIV incidence rates and transmitted drug resistance. Determining HIV incidence

rates by prospective follow-up of HIV-uninfected individuals is challenging and serological assays

have important limitations. HIV diversity within an infected host increases with duration of

infection. In this analysis, we explore a simple bioinformatics approach to assess viral diversity by

determining the percentage of ambiguous base calls in sequences derived from standard

genotyping of HIV-1 protease and reverse transcriptase. Sequences from 691 recently infected (≤1

year) and chronically infected (>1 year) individuals from Sweden, Vietnam and Ethiopia were

analyzed for ambiguity. A significant difference (p <0.0001) in the proportion of ambiguous bases

was observed between sequences from individuals with recent and chronic infection in both HIV-1

subtype B and non-B infection, consistent with previous studies. In our analysis, a cutoff of

<0.47% ambiguous base calls identified recent infection with a sensitivity and specificity of 88.8%

and 74.6% respectively. 1,728 protease and reverse transcriptase sequences from 36 surveys of

transmitted HIV drug resistance performed following World Health Organization guidance were

analyzed for ambiguity. The 0.47% ambiguity cutoff was applied and survey sequences were
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classified as likely derived from recently or chronically infected individuals. 71% of patients were

classified as likely to have been infected within one year of genotyping but results varied

considerably amongst surveys. This bioinformatics approach may provide supporting population-

level information to identify recent infection but its application is limited by infection with more

than one viral variant, decreasing viral diversity in advanced disease and technical aspects of

population based sequencing. Standardization of sequencing techniques and base calling and the

addition of other parameters such as CD4 cell count may address some of the technical limitations

and increase the usefulness of the approach.
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1. Introduction

Identification of recent HIV infection within populations is a public health priority both for

accurate estimation of HIV incidence and estimation of levels of transmitted drug resistant

(TDR) HIV (Bennett et al., 2008a; Sexton et al., 2012). The gold standard for determining

HIV incidence rates has been prospective follow-up of HIV-uninfected people. However,

this approach is expensive, time-consuming and logistically challenging, especially in

resource-limited settings. Moreover, this type of study has inherent biases, which may lead

to lower observed HIV incidence rates than in the source population of interest. To address

these challenges, laboratory testing methods have been developed to calculate HIV

incidence using cross-sectional studies. These laboratory methods and testing algorithms

rely on the ability to distinguish recently infected from chronically infected individuals

using biomarkers such as antibody levels or avidity as indicators of recent infection (Busch

et al., 2010; Mastro et al., 2010). BED capture enzyme immunoassays (BED) have proven

useful in calculating incidence rates but misclassify a proportion of long-term infections as

recent; therefore, false recent rates must be calculated separately in each population studied.

Host and virological factors such as HIV subtype are known to influence BED performance

making their successful application in populations infected with HIV-1 non-B or mixed

subtypes a challenge (Parekh et al., 2011; Sexton et al., 2012); thus limiting this approach in

Africa and Asia, where HIV-1 non-B subtypes and mixed subtype epidemics predominate.

Current HIV incidence research is focused on standardizing approaches to evaluating

incidence assays and building consensus on statistical methods to interpret results. This

research aims to define false recent rates within different populations and develop new and

improved incidence assays or multi-test recent infection testing algorithms (RITAs) with

lower false recent rates and which are less susceptible to host factors.

The need to estimate incident infection and document levels of TDR in recently infected

populations is especially important in low- and middle-income countries to support HIV

prevention and antiretroviral therapy program planning. Limited laboratory infrastructure

and funding in resource limited settings as well as sensitivity and specificity concerns limit

the use of RITAs. Therefore, the World Health Organization (WHO) has proposed surrogate
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epidemiological definitions to use when performing surveillance of TDR for the purpose of

creating cohorts with individuals likely to be recently infected.

From 2004 – 2012, WHO TDR survey guidance recommended use of a truncated sequential

sampling method to categorize the prevalence of TDR to each relevant drug class as <5%

(low), 5–15% (moderate) or >15% (high), using ≤47 specimens from individuals

consecutively diagnosed with HIV in defined geographic regions during the survey period

(Bennett et al., 2008b; Myatt and Bennett, 2008). All sequencing of HIV-1 pol for surveys

following WHO guidance is performed at WHO-designated drug resistance genotyping

laboratories using in-house or commercial methods. All WHO-designated laboratories have

undergone a rigorous vetting process and participate in an external quality assurance scheme

(WHO, 2008). Drug resistance detected by genotyping is defined using the WHO

surveillance drug resistance mutations list (Bennett et al., 2009). TDR surveys are frequently

performed in primigravid women age less than 25 years at time of HIV-diagnosis (Bennett

et al., 2008a; Myatt and Bennett, 2008; WHO, 2012). Age and gravidity criteria are intended

to minimize inclusion of women with previous antiretroviral drug exposures, including

drugs provided as part of prevention of mother to child transmission initiatives, thus

maximizing the likelihood that detected drug resistance was truly transmitted. In settings of

low HIV prevalence or concentrated epidemics, surveillance of HIV TDR has often been

conducted at voluntary counseling and testing (VCT) sites using specimens from newly

diagnosed individuals age less than 25 years and never pregnant, if female.

A complementary approach to antibody assays and surrogate epidemiological definitions of

recent infection, which has been proposed, is assessment of the level of HIV genetic

diversity observed with sequencing. Studies measuring viral diversity among sequences

generated by single genome sequencing (SGS) conclude that most individuals are infected

with a single HIV founder virus from which subsequent diversity arises (Abrahams et al.,

2009; Karlsson et al., 1998; Kearney et al., 2009; Keele et al., 2008; Salazar-Gonzalez et al.,

2008). Viral diversity increases in a linear fashion in early infection, then reaches a plateau

and may eventually decrease in advanced disease (Kearney et al., 2009; Shankarappa et al.,

1999). Viral diversity in individual patients is reflected in the proportion of ambiguous bases

observed in HIV-1 pol sequences obtained from population based genotyping with

increasing diversity seen with increased duration of infection (Kouyos et al., 2011).

Ambiguous bases appear in sequences derived by population based sequencing due to the

simultaneous detection of more than one nucleotide at the same position of the genome.

Viral diversity has been used to estimate time since infection in HIV-1, mainly subtype B

infection (Abrahams et al., 2009; Kouyos et al., 2011; Ragonnet-Cronin et al., 2012). In an

analysis of the Swiss Cohort study, a linear increase in viral diversity of 0.2 % ambiguous

bases per year was observed during the first 8 years of infection (Kouyos et al., 2011).

An inexpensive and simple bioinformatics approach estimating the likely duration of HIV

infection using the proportion of ambiguous bases in HIV-1 pol may be a useful measure to

strengthen epidemiological surrogate definitions of recent HIV infection in surveys

assessing TDR. The aim of our study was to evaluate the feasibility of this approach in

HIV-1 non-B subtypes, calculate a sequence ambiguity cutoff between recent and chronic

HIV infection, and apply this cutoff to sequences generated from TDR surveys in order to
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evaluate the utility of this algorithm in providing supportive evidence of recent HIV

infection.

2. Materials and methods

2.1 Reference sequences used to differentiate recent from chronic infection

The Swedish InfCareHIV national database and clinical decision support tool (Dalgaard et

al., 2012) includes information on all Swedish residents with known HIV infection (prior to

2007 patients diagnosed at some small clinics were not included). The database contains

demographic and clinical information such as treatment history, genotyping result and viral

sequences when available. As of November 2010, the time of data abstraction, 8,225

patients were registered in InfCareHIV and 3,843 HIV-1 pol sequences from treatment naïve

patients were available. Based on seroconversion intervals, clinical data and CD4 cell counts

a total of 518 HIV-1 protease and reverse transcriptase sequences were abstracted from

individuals as described below. The shortest sequence was 852 base pairs and the longest

1055 base pairs.

Patients with recent infection (≤1 year), subtype B (n=171) and non-B (n=79), were selected

based on clinical diagnosis of primary HIV infection or diagnosis due to contact tracing and

no indication of earlier infection, or by documented seroconversion within 365 days prior to

sampling for sequencing purposes. Chronic infection in patients with subtype B (n=126) was

defined as documented seroconversion >1 year before the specimen was obtained for

sequencing. Few patients with HIV-1 non-B infection and seroconversion >1 year prior to

sequencing were available in InfCareHIV; therefore, a surrogate definition of CD4 ≤200

cells/mm3 at time of diagnosis was used to identify individuals chronically infected with

HIV-1 non-B (n=142). This threshold is supported in a recent publication by Lodi et al.

(2011) demonstrating that the median time from seroconversion to CD4 ≤200 cells/mm3in a

cohort of 18,495 treatment naïve individuals was 7.93 years (7.76–8.09).

The sequences abstracted from the Swedish InfCareHIV database for this study had been

generated between 1993–2010. Sequencing and base identification was performed at

Karolinska University Hospital, Stockholm, Sweden, Gothenburg University Hospital,

Gothenburg, Sweden or the Swedish Institute for Infectious Disease Control, Stockholm,

Sweden per established in-house protocols (1993–1999) (Birk and Sönnerborg, 1998;

Karlsson et al., 2012)o commercial methods (2000–2002: Trugene HIV-1 Genotyping kit,

Visible Genetics, Inc., Toronto, Canada; 2003–2010: ViroSeq HIV-1 genotyping kit version

2, Celera Diagnostics, Alameda, California, USA and ABI PRISM 3100 genetic analyzer,

Applied Biosystems, Foster City, California, USA).

The patient characteristics of sequences included from Swedish InfCareHIV are shown in

Table 1.

To augment the analysis, additional HIV-1 protease and reverse transcriptase sequences

from chronically infected treatment naïve Ethiopian patients with HIV-1 subtype C (n=110),

and Vietnamese patients with HIV-1 subtype CRF01_AE (n=63) initiating antiretroviral

therapy at Karolinska Institutet collaborating centers in Ethiopia and Vietnam were
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analyzed. Although seroconversion dates for these cohorts were unknown, clinically

advanced disease at time for sampling assured that they had been infected >1 year. The

Vietnamese cohort had a median CD4 count of 56 cells/mm3 (IQR: 26–163) and the

Ethiopian cohort 100 cells/mm3 (IQR: 56–144). No sequences from recently infected

Ethiopian or Vietnamese patients were available. Sequencing of HIV-1 pol from these two

cohorts was performed at the Karolinska Institutet using identical in-house protocols for

both the Vietnamese (Bontell et al., 2011) and the Ethiopian cohort (unpublished data).

In total, 691 protease and reverse transcriptase sequences from 250 recently and 441

chronically infected patients were analyzed. HIV-1 subtype distribution is shown in Table 2.

2.2 Sequences from surveys of transmitted HIV drug resistance

1,728 HIV-1 protease and reverse transcriptase sequences from 36 surveys of TDR

conducted according to WHO guidelines in Africa, Asia and Latin America during 2005–

2009 were included (WHO, 2012). Sixteen of the surveys (mainly from Africa) enrolled

primigravid women and 20 surveys (mainly from Asia) enrolled VCT attendees. All

sequences were derived from plasma or serum specimens and base calling was performed at

WHO-designated laboratories (WHO, 2010). The data were deidentified for country of

origin and each survey was labeled with a number between 1 and 36. Surveys using dried

blood spots (DBS) as the specimen type were excluded to avoid DNA contribution, which

may have affected observed ambiguity.

HIV-1 subtypes for TDR survey sequences are shown in Table 2.

2.3 Analysis methods

HIV-1 pol sequences covering the protease and reverse transcriptase genes were aligned and

trimmed using MEGA 4.0 and 5.0 (Tamura et al., 2007; Tamura et al., 2011) and the REGA

HIV-1 Subtyping Tool was used to identify subtype (Alcantara et al., 2009; de Oliveira et

al., 2005). The percentage of ambiguous base calls (R, Y, K, M, S, W, B, D, H, V or N) in

each sequence was calculated using BioEdit (Hall, 1999) and Microsoft Excel. The

percentages of ambiguities in sequences derived from recently infected patients (≤1 year)

from the InfCareHIV database were compared to the percentages of ambiguities in

chronically infected patients (>1 year) abstracted from the InfCareHIV database and from

chronically infected cohorts from Vietnam and Ethiopia using unpaired t-test. (GraphPad:

http://www.graphpad.com/quickcalcs/ttest1/). The results were confirmed by bootstrap

analysis, where individual ambiguity results were randomly picked with replacement for 200

rounds for recently and chronically infected patients respectively. The difference between

means of the two groups obtained with bootstrapping was calculated using unpaired t-test

function in GraphPad online application. The non-parametric Mann-Whitney test was used

for subanalyses assessing recent versus chronic infection within the smaller groups of

subtypes A1, C and CRF01_AE (GraphPad InStat version 3.1a for Macintosh, GraphPad

Software, San Diego California USA, www.graphpad.com).

A Perl script program was used to calculate the sensitivity and specificity of all possible

ambiguity cutoffs. Results of this sensitivity analysis were used to select the cutoff that
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maximized the specificity while maintaining sensitivity when differentiating sequences from

patients with recent (≤1 year) versus chronic infection (>1 year). This ambiguity cutoff was

subsequently applied to 1,728 HIV-1 protease and reverse transcriptase sequences from 36

surveys of TDR.

3. Results

3.1 HIV-1 pol sequence ambiguity distinguishes recent from chronic infection in subtype B
and non-B

In order to investigate whether the frequency of ambiguous base calls observed in HIV-1 pol

sequences could be used to distinguish recent from chronic HIV infection using subtype B

and non-B sequences, we first analyzed ambiguity in a set of sequences from patients with

known duration of infection abstracted from the InfCareHIV database and sequences from

Ethiopian and Vietnamese patients with known chronic infection. Sequences from patients

with known recent or known chronic infection formed a set of reference sequences.

Sequences from individuals with known recent infection (n=250) had a significantly lower

frequency of ambiguous base calls when compared to sequences from those with chronic

infection (n=441) (p <0.0001; unpaired t-test). Since the t-test was compromised by the non-

normal distribution of the data, results were confirmed with bootstrap analysis, which

documented statistical significance (p <0.0001). This finding was consistent across all

available subtypes among Swedish InfCareHIV patients: subtype A1 (n=26; p<0.0002), C

(n=60; p<0.0005) and CRF01_AE (n=69; p<0.0001) with the Mann-Whitney test and B

(n=297; p<0.0001) by bootstrap analysis. Ambiguity observed in sequences from our

recently and chronically infected reference population is shown in Figure 1.

No significant difference in viral diversity due to subtype was seen in recently infected

patients. For the two recently infected reference populations the median values were 0.09%

(subtype B) and 0.00% (subtype non-B) respectively (range 0–3.03%). In contrast, wide

variation in viral diversity amongst the four populations of chronically infected patients was

observed [median 0.72% (subtype B from InfCareHIV), 1.00% (subtype non-B from

InfCareHIV), 1.16% (Ethiopia) and 0.70% (Vietnam) ambiguous base calls observed

respectively; overall range 0–7.28%]. Each population of chronically infected individuals

contained a low number (2–5%) of sequences with no ambiguous bases.

A cutoff of <0.47% ambiguous bases was found to best discriminate recent from chronic

infection amongst sequences from the reference population (see section 2.3). This cutoff

detected recent HIV-infection with a sensitivity of 88.8% and a specificity of 74.6%. The

sensitivity and specificity of the cutoffs <0.45%, <0.47% and <0.5% is shown in Table 3.

3.2 Ambiguity in recent infection and mode of transmission

In our reference material of recently infected patients (Table 1) we did not detect a

difference in percentage of ambiguous base calls due to mode of transmission in subtype B

(n=171) [heterosexual transmission (n=12, median 0.09, range 0–0.30), men having sex with

men (MSM) (n=146, median 0.05, range 0–3.03), injection drug users (IDU) (n=13, median

0.09, range 0–1.41)] or in other subtypes (n=76) [heterosexual transmission (n=35, median
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0, range 0–1.70), MSM (n=23, median 0, range 0–0.47), IDU (n=18, median 0, range 0–

0.85)].

3.3 Surveys of transmitted HIV drug resistance performed following WHO guidance

The cutoff of 0.47% ambiguous bases established using reference sequences was applied to

1,728 HIV-1 pol sequences obtained from 36 TDR surveys in order to classify them as

likely having originated from individuals with recent (≤1 year) or chronic (> 1 year) HIV

infection.

1,233 and 495 sequences had <0.47% and >0.47% ambiguous base calls, respectively. The

majority, 1,233 (71%) of individuals, included in TDR surveys were classified by this cutoff

as likely to have been recently infected (within one year at time of sampling). The other 495

(29%) individuals included in TDR surveys were classified as likely having chronic

infection. Notably, the proportion of individuals classified as having recent infection by the

ambiguity cutoff varied considerably amongst surveys (range 22–100%). Pregnant women

(873 sequences) and VCT attendees (855 sequences) were classified as recently infected in

73% and 69% of cases respectively. The results of this analysis are shown in Figure 2 with

each survey represented by a number from 1 to 36. The number of patients and the HIV-1

subtypes in each survey, the type of survey, and the proportion of sequences in each survey

classified as coming from an individual classified as recently infected are shown in

supplementary Table 4.

4. Discussion

The identification of recent HIV infection within populations is a public health priority both

for accurate estimation of HIV incidence and levels of transmitted HIV drug resistance. A

variety of serologic approaches are available to detect recent HIV infection and current

assays measure relative levels of HIV specific and total IgG antibodies. Limitations of these

BED assays impair their use especially in resource-limited settings and in populations

infected with non-subtype B.

Our study explores the application of a bioinformatics algorithm based on increasing HIV

viral diversity within individuals over time as a method to support differentiation of

sequences as being from recently or chronically infected populations. Use of sequencing

data already obtained for resistance testing makes the approach cost-effective and raises the

possibility of its integration into existing surveillance protocols. Our study aimed to evaluate

this approach further in HIV-1 subtype non-B virus since most surveys of TDR are

performed in settings where non-B virus predominates. Our data demonstrate the feasibility

of differentiating between sequences from individuals with recent (≤1 year) and chronic (> 1

year) infection, a finding that was independent of HIV subtype. Our observation is

consistent with published data from both the Swiss Zurich Primary HIV Infection Study

(mainly subtype B) (Kouyos et al., 2011) and the Canadian HIV Strain and Drug Resistance

Surveillance Program (only subtype B) (Ragonnet-Cronin et al., 2012). Therefore,

assessment of sequence ambiguity and application of cutoffs of viral diversity may provide

useful evidence when attempting to enrich HIV-1 sequence sets with individuals likely to

have been recently infected.
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Kouyos et al. (2011) suggest a cutoff of <0.5% to distinguish recent (≤1 year) from chronic

(> 1 year) HIV-1 infection and Ragonnet-Cronin et al. (2012) suggest a cutoff of <0.45% to

differentiate duration of subtype B infections as <6 or >6 months. Using our reference

material to distinguish recent (≤1 year) from chronic (> 1 year) infection, the cutoff that had

the best balance of sensitivity and specificity was <0.47%. The cutoffs are nearly identical,

supporting the universality of this approach. The slight discrepancies may be due to

technical differences in PCR assays, sequencing and base calling. Discrepancies in the true

duration of infections included in the studies may also have affected the calculated cutoffs.

We identified several limitations to our approach. In optimizing the cutoff we only achieved

a sensitivity of 88.8% and a specificity of 74.6%. Our model assumes that all patients are

infected with one founder virus that subsequently gives rise to multiple quasispecies,

yielding more ambiguous bases within a sequence derived by population based sequencing

as the duration of infection increases. Amongst recently infected patients in our reference

population, 13% had an ambiguity index of ≥0.47%, impairing the sensitivity of the

approach. Studies show that a minority of patients are initially infected with more than one

viral variant, causing more genetic variation in early infection; thus limiting the value of this

approach. The proportion of early HIV-1 infections with more than one documented variant

range from 14% (Kearney et al., 2009), 22% (Abrahams et al., 2009), 24% (Keele et al.,

2008) to 33% (Salazar-Gonzalez et al., 2008). In the Swiss Zurich Primary HIV Infection

Study, 18% (24/130) of patients genotyped within a month from infection had >0.68%

ambiguous bases in pol, suggesting infection with more than one founder virus. Swiss data

also suggest that there may be more genetic diversity in early infection amongst patients

infected via an intravenous route compared to infection acquired sexually (Kouyos et al.,

2011). We found no difference in ambiguity amongst recently infected patients due to mode

of acquisition of HIV in our study (limited by a much smaller study material) and neither did

Ragonnet-Cronin et al (2012). Further studies of viral diversity in recently infected IDUs

might be indicated to evaluate the feasibility of this measure of recent infection within this

subgroup.

The specificity of applying a cutoff of sequence ambiguity to differentiate recent from

chronic infection is likely reduced by decreased viral diversity, which may occur in

advanced disease (Karlsson, 1999; Shankarappa et al., 1999). Decreasing diversity amongst

patients with advanced disease may lead to low proportions of ambiguous bases amongst

sequences from patients with failing immune response. In our reference material, wide

variation in ambiguity was seen within and among the four cohorts of chronically infected

individuals. The presence of sequences with a low proportion of ambiguous bases may

represent individuals with advanced disease. Other explanations include poor sequence

quality or operator error leading to underestimation of mixed bases.

The difference between the Ethiopian subtype C (median 1.16%) and Vietnamese subtype

CRF01_AE (median 0.70%) chronic cohorts may relate to more advanced disease in the

Vietnamese (median CD4 count 56 cells/mm3) than in the Ethiopian cohort (median CD4

count 100 cells/mm3). However, there is a possibility that differences in viral diversity

between the cohorts related to subtype and/or host factors affect the results.
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Due to the retrospective nature of this analysis, original chromatograms were not available

for realignment using an automated tool with standardized parameters. Technical differences

resulting from different PCR primers or protocols, sequencing methods, DNA contribution

and subjectivity in manual assignment of double peaks as ambiguous bases during the

interpretation of chromatograms must be considered as possible sources of bias in this

analysis. Nonetheless, we demonstrate that this approach is feasible when using sequences

generated using different techniques from different laboratories. Thus, our results together

with recent publications (Kouyos et al., 2011; Ragonnet-Cronin et al., 2012) suggest that

measurement of sequence ambiguity to differentiate recent from chronic infection may be

performed in a context where complete standardization of methods is not feasible.

Performance of this analytical method may be augmented by analyzing only ambiguity in

certain variable parts of the pol gene as suggested by Ragonnet-Cronin et al. (2012) in an

analysis of HIV-1 subtype B sequences. Analysis of ambiguity in variable parts of pol merits

study with sequences from all common HIV-1 subtypes. Sequences derived by standard base

calling are required for this analysis to minimize random error, which may have greater

effect on ambiguity when using short sequences.

In applying the ambiguity cutoff to sequences from TDR surveys following WHO survey

guidance, we suggest a possible context where this approach may provide useful population-

level information to strengthen surrogate definitions currently used to identify individuals

with likely recent HIV infection. Notably, our results suggest that the vast majority of

patients (71%) included in TDR surveys were likely to be recently infected (within 1 year);

however, in some surveys the majority (up to 78%) had levels of diversity above the 0.47 %

cutoff. Possible explanations include differences in age of sexual debut between populations

and incorrect application of WHO TDR survey inclusion criteria in the field. The high

frequency of super infections with another HIV-strain in some populations (Chohan et al.,

2005; Grobler et al., 2004; Powell et al., 2009; Redd et al., 2011; Vidal et al., 2012) is

another possible explanation to these results. It should be considered that the approach may

be less sensitive in populations where early re-infection is common. Whether the surveys

included primigravid women or VCT attendees did not affect the results when all surveys

were compared.

The assessment of ambiguous base calls as a method to differentiate chronic versus recent

HIV-1 infection holds promise; however, results should be treated cautiously and future

research using sequences aligned by standardized base calling software should be

performed. Even under optimal technical circumstances, inherent limitations of the approach

suggest that it should not be used to assess the duration of infection of individual patients,

but rather to contribute to population-level information on HIV-incidence and TDR.

The specificity of the algorithm can be improved if it is used in concert with clinical,

epidemiological or laboratory parameters, such as CD4 cell count, that further minimize

inclusion of individuals with advanced disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Ambiguity analysis of reference sequences from recent and chronic infection. All sequences

from recent infections were abstracted from Swedish InfCareHIV. Sequences from

individuals with chronic infection were abstracted from Swedish InfCareHIV and from

research cohorts in Vietnam and Ethiopia. The ends of the whiskers mark the 5th and 95th

percentile. Outliers are marked by dots.
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Figure 2.
Ambiguity analysis results from surveys of transmitted HIV drug resistance conducted

according to WHO guidance. Each survey is numbered from 1 to 36 and presented by WHO

subregion. The ends of the whiskers mark the 5th and 95th percentile. Outliers are omitted

for clarity. The cutoff for recent infection (<0.47%) is depicted by the dotted line.
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Table 2

HIV-1 subtypes in study material.

HIV-1 subtype Number in reference material Number in TDR surveys

A1 26 (3.8%) 66 (3.8%)

B 297 (43.0%) 111 (6.4%)

C 170 (24.6%) 531 (30.7%)

D 3 (0.4%) 27 (1.6%)

F 3 (0.4%) 3 (0.2%)

G 9 (1.3%) 60 (3.5%)

J 3 (0.2%)

CRF01AE 132 (19.1%) 363 (21.0%)

CRF02AG 19 (2.7%) 28 (1.6%)

CRF06CPX 3 (0.4%) 34 (2.0%)

CRF07BC 251 (14.5%)

CRF08BC 35 (2.0%)

CRF24_BG 6 (0.9%)

CRF12_BF 1 (0.1%)

CRF11CPX 11 (0.6%)

CRF13CPX 2 (0.1%)

CRF18CPX 1 (0.1%)

CRF25CPX 1 (0.1%)

CRF37CPX 2 (0.1%)

unassigned 22 (3.2%) 199 (11.5%)

total 691 1728

Reference material from Swedish InfCareHIV and Ethiopian and Vietnamese cohorts.
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Table 3

Sensitivity and specificity of cutoffs for recent HIV-infection in recently and chronically infected reference

populations.

Cutoff Sensitivity Specificity

0.45 % 84.0 % 75.7 %

0.47 % 88.8 % 74.6 %

0.50 % 88.8 % 73.5 %

Cutoff measuring the percentage of ambiguous bases in pol
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