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Situation épidémiologique en France 

Source Santé Publique France (BEH 2019) 
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Stratégie de prévention diversifiée 

• Campagne de prévention 

• Préservatifs 

• Prophylaxie Pré-Exposition (PrEP) 

• Traitement (TasP : Treatment as Prevention) 

• Dépistage 

 sérologie au laboratoire (5 600 000 tests, 1.9/1000 positifs) 

 CEGIDD ((300 000, 3.6/1000 positifs) 

 TROD communautaires (55 000, 8.7/1000 positifs) 

 autotest 

• Identification des réseaux de transmission ? 

• Notification au partenaire ? 
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Clusters de Transmission  

(networks) 

• Un cluster de transmission d’une maladie se caractérise par une incidence 

anormalement haute d’une maladie se déclarant chez plusieurs patients avec une 

proximité géographique et temporelle 

  identifier les « outbreak » : Prévention, Dépistage, Traitement 

• Identification simple pour les maladies de symptomatologie aiguë bruyante (rougeole, 

grippe, COVID-19? etc.), pas pour le VIH 
 

• Identification des populations clés par des enquêtes épidemiologiques : facteurs de 

risque, comportement… 
 

• Identification d’une souche commune 

 identification des clusters de transmission du VIH par analyses phylogénétiques et 

similarité génétique des souches virales 
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Bases moléculaires de la phylogénie 
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You obtain one or several 

sequences in the lab  database 

You look for homologous sequences in Genbank 
To built a phylogeny you need at least 4 sequences! 

 HIV genome : obtained during biomedical 

investigations for HIV drug susceptibility testing. 

HIV drug resistance genotyping on pol gene 

Ancêtre commun  

et bon support de branche (stat) 

Distance 

génétique 

proche 
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Exemple  : France 

• Cohorte ANRS PRIMO, Chaillon et al. Retrovirology, 2017 

• 1356 sujets de 1999 à 2014 

• Population :  
o Hommes 86,7% 

o Caucasien 85,9% 

o HSH 71,4% 

o 37% diagnostiqués à Paris 

o Âge médian 35ans (17-79 ans) 

• Virus de sous-type B : 72,5%, CRF02_AG ensuite 

• Distance génétique moyenne entre les séquences de virus 
étudiés : 6 % 

• Identification des réseaux : différence < 1,5% 
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387/1356 (38,5%)  

en clusters ≥ 2 sujets 

 

44 clusters ≥ 3 sujets 

(3 – 41, médiane 4) 

Chaillon et al. Retrovirology, 2017 
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Chaillon et al. Retrovirology, 2017 
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2ème exemple : France (suite) 
• Visseaux et al. JAC 2020 

• 2014-2016, 1121 patients en primoinfection 

• Identification de 138 clusters incluant 41% des patients 

• Clusters > 3 patients   jeunes, MSM, nés en France, CRF02_AG 

 

 

 

 

 

 

 

 

 

 

 

 

• Charge virale initiale plus élevée pour les CRF02_AG vs B : plus 
grande virulence ? 
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BACKGROUND   
 

• HIV-1 pol sequences widely generated for routine genotypic resistance testing now allow characterizing transmission networks in 
various populations [1–3]. 

• HIV molecular studies can be used to identify epidemiological shifts or recent transmission clusters (RTC) allowing to describe core 
transmitters that fuel a large proportion of transmissions. This may help to improve our capability to track and understand pathogen 
transmission, leading to potential improvements in the design and implementation of population-level public health interventions [4]. 

• Primary infected patients (PHI) are a unique population including the most recently infected patients at a time and presenting high 
proportions of patients included in RTC. This population provides valuable data on recent epidemiological trends about ongoing HIV 
transmissions. 

• We analyzed such RTC among primary infected patients diagnosed in France in 2014-2016. 

 

METHODS  
 

• Between January 2014 and December 2016, 1121 PHI patients diagnosed through the French network of virology laboratories (n=46) 
of the ANRS AC43 Resistance group were included in the study.  

• Enrolment criteria were (i) a negative or indeterminate HIV ELISA associated with a positive p24 antigenemia or detectable plasma HIV 
RNA, (ii) a western blot profile compatible with ongoing seroconversion (incomplete western blot with absence of antibodies to pol 
proteins) or (iii) a negative test for HIV antibodies within 6 months before the positive HIV serology.  

• For all included patients, protease and reverse transcriptase sequences were obtained from routine genotypic resistance testing and 
analyzed together. 

• Phylogenetic trees were built by approximate maximum likelihood using FastTree 2.1 under GTR-G nucleotide substitution model. 
Recent transmission clusters were retrieved using ClusterPicker 1.2.3 with a maximum pairwise genetic distance at 4.5% and a 
minimum branch support at 95%. As ClusterPicker uses a p-distance and not genetic distances obtained with the GTR-G nucleotide 
substitution model, clusters were manually checked and retrieved using FigTree 1.4.3. 

• Non-parametric Kruskal-Wallis test and Fisher exact test were used to compare distributions of continuous and categorical variables, 
respectively, of patients’ characteristics according to viral subtype and clusters size. All p values were 2-sided with a significance level of 
0.05. For p values below 0.05, the groups were compared 2 by 2 with a significance level of 0.01 to account for the multiplicity of tests. 
Analyses were performed with R 3.4.0. 

 

RESULTS  
 

• Overall, 1121 patients were included in our study: 355 patients in 2014, 381 in 2015 and 385 in 2016.  
• The general characteristics of the study subjects are shown in Tables 1 and 2. Briefly, patients were mainly men (90%) having sex with 

men (MSM) (70%). Most patients (70%) were from France and 7% were from Sub-Saharan Africa. 42% of all French PHI were observed 
in Paris area, corresponding to Ile-de-France region and encompassing 18% of the global French population. Median CD4 cell count and 
plasma HIV-1 viral load measured at the time of PHI were 478 cells/µL [IQR: 329-636] and 5.51 log10copies/mL [IQR: 4.71–6.46], 
respectively. 
 

Molecular epidemiology 
• Among included patients 56, 20 and 24% were infected with subtype B, CRF02_AG or other HIV-1 group M lineages, respectively (cf. 

Table 1). CRF02_AG tended to be increasingly represented across years, but this failed to reach statistical significance.  
• Among other lineages, 6% (64) presented unknown recombinant motifs (herein called URFs), 4% (40) were classified as subtype F, 3% 

(34) subtype A, 3% (29) subtype C and 2% (26) CRF01_AE. Among the remaining strains, 15 were identified as CRF06_cpx, 9 subtype D, 
8 CRF60_BC, 7 subtype G, 5 CRF22_01A1, 4 CRF25_cpx, 4 CRF37_cpx, 3 CRF12_BF, 3 CRF42_BF, 3 CRF11_cpx, 3 CRF07_BC, 3 subtype H, 
2 CRF45_cpx, 2 CRF28_BF, 2 CRF18_cpx, 2 CRF56_cpx, 1 CRF33_01B, 1 CRF24_BG, and 1 CRF20_BG.  
 

• Subtype B included more male patients (96%) than the three other lineage categories (82, 84 and 82% for CRF02_AG, URFs and the 
other lineages group, respectively, p<0.001 for all comparisons), more MSM (78%) than CRF02_AG (59%, p<0.001) and the other 
subtypes group (58%, p<0.001). Subtype B also presented a higher proportion of patients from French origins (75%) than CRF02_AG 
(67%, p=0.02) and the other subtypes group (60%, p<0.001). Compared to subtype B, CRF02_AG and URFs were most represented in 
Paris area (47 vs 39%, p=0.03, and 64 vs 39%, p<0.0001, respectively).  
 

• Compared to subtype B, CRF02_AG presented higher viral loads (median at 5.83 log10 copies/mL [IQR: 4.96-6.60] vs 5.40 [4.66-6.26], 
p=0.004) and lower CD4 cell counts (437 cells/mm3 [294-591] vs 495 [340-650], p=0.004). 

• When analyzing patients born in France separately, CRF02_AG still presented higher VL than subtype B (5.79 vs 5.42 log10 copies/mL, 
p=0.012). 

 

Recent transmission clusters (RTC) 
• 457 (41%) patients were infected with strains included in RTC. Among those, 214 (47%) were included in 77 and 20 small clusters of 2 

and 3 sequences, respectively. The remaining 243 (53%) sequences were included in large clusters (from 4 to 12 sequences).  
• Clinical and demographic analyses of patients corresponding to viral strains not included in a cluster, included in a small cluster (≤ 3 

patients) or in a large cluster (> 3 patients) are depicted in Table 2.  
 

• Patients included in RTC were more frequently born in France (74 vs 67%, p=0.009) and MSM (81 vs 63%, p<0.001) than in the non-
clustering group.  

• Patients included in the large cluster group were younger than those in the small cluster group (median 31 years old vs 34, p=0.01). The 
latter patients were also younger than non-clustering patients (34 vs 38 years old, p<0.001). 

• Subtype B was more represented among the small cluster group than in other groups (72 vs 52%, p<0.001) and CRF02_AG was more 
represented among the large cluster group (29 vs 17%, p<0.001).  
 

• Paris area appeared as a hub for transmission with 31/39 large RTC including ≤1 patient from this area (cf. Figure 3B).  
 

• Only 4 of the large clusters included patients presenting resistance associated mutations: 1 with a T215S, 1 L74M, 1 K103N and 1 with 
an association of L76V and L90M. In none of these 4 clusters, resistance mutations were able to achieve sustainable transmissions 
along the whole cluster. To note, the mutation that lasted during the longer time period was the T215M, known for its low fitness cost 
(cf. Figure 3A). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSION  
 

• Comparatively to previous similar studies conducted in France, the current work highlights the decline of subtype B in France (from 
75% of PHI patients between 1999 and 2010 to 56% between 2014 and 2016) and the increasing representation of the CRF02_AG 
(from 14% during the 1999-2010 period to 17% and 22% in 2014 and 2016, respectively) or other non-B non-CRF02_AG lineages (from 
11% during the 1999-2010 period  to 20% and 25% in 2014 and 2016, respectively) [5].  
 

• Recent transmission cluster were highly prevalent (41% of included patients) and close from those observed in the IPERGAY cohort, 
including patients at high risk of transmission and using PrEP (Pre-Exposure Propylaxis), or in the Montreal PHI cohort (45% and 49%, 
respectively) [6, Chaillon, OFID, 2019 in press]. 

• Patients included in transmission clusters were more frequently male, MSM and younger than other patients. 
• This study also emphasizes the role of the national transmission hub represented by Paris area previously observed [3].  

 

• CRF02_AG was more represented among large RTC, presented higher viral loads (VL) and lower CD4 cell counts. The higher viral loads 
were also retrieved among patients born in France to take into account variations linked to ethnicity [7]. To our knowledge, this is the 
first report of higher viral loads associated to CRF02_AG and may explained in part the active expansion of CRF02_AG among the 
largest clusters of French MSM observed in the current work.  

• The possible higher virulence of CRF02_AG needs to be confirmed on further study and non-PHI populations. 
 

• Considering the limited time frame of HIV transmission, targeted prevention strategies focusing on PHI may have a significant impact 
on HIV epidemic. The number of large RTC in French PHI population highlights the existence of a few number of massive localized 
outbreaks. Identifying growing clusters at a nationwide scale and combining social data and molecular analyses will be required to 
early detection of epidemiological shifts and allow valuable public health interventions, especially as PrEP is increasingly implemented.  

Benoit Visseaux1,2*, Lambert Assoumou3, Mary-Anne Trabaud4, 

Brigitte Montes5, Laurence Bocket6, Samira Fafi-Kremer7, Marc 

Wirden8, Corrine Amiel9, Anne De Monte10, Karl Stefic11, Camille 

Tumiotto12, Anne Maillard13, Diane Descamps1,2, Marie-Laure Chaix2,13 

on behalf of the AC43 ANRS Resistance Group. 
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Figure 1. Phylogenetic tree obtained 
for pol gene fragment (PR+RT) 
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L74M 

T215S 

K103N 

L76V L90M 

  Total 
Subtype  

B 
CRF02_AG URFs 

Other 
lineages 

p 

N (%) 1121 (100) 628 (56) 222 (20) 64 (6) 207 (18) 

Age (years) - median [IQR] 36 [28-45] 36 [28-44] 37 [30-48] 35 [28-44] 36 [28-47] 0.105 

Men - n(%) 1009 (90) 604 (96) 182 (82) 54 (84) 169 (82) <0.001 

Country of birth - n(%)     <0.001 

France 790 (70) 472 (75) 148 (67) 46 (72) 124 (60) 

Other European countries 37 (3) 21 (3) 5 (2) 4 (6) 7 (3) 

Sub-Saharan Africa 74 (7) 8 (1) 32 (14) 3 (5) 31 (15) 

Other/unknown 220 (20) 127 (20) 37 (17) 11 (17) 45 (22) 

Route of transmission - n(%)     <0.001 

MSM 788 (70) 492 (78) 130 (59) 46 (72) 120 (58) 

HTS 199 (18) 55 (9) 65 (29) 12 (19) 67 (32) 

IDU 5 (0) 3 (0) 1 (0) 1 (2) 0 (0) 

Other/unknown 129 (12) 78 (12) 26 (12) 5 (8) 20 (10) 

Region of diagnosis - n(%)     <0.001 

Paris area 476 (42) 242 (39) 105 (47) 41 (64) 88 (43)   

Other region 645 (58) 386 (61) 117 (53) 23 (36) 119 (57)   

Year of diagnosis - n(%)     0.164 

2014 355 (100) 221 (62) 62 (17) 18 (5) 54 (15) 

2015 381 (100) 204 (54) 75 (20) 24 (6) 78 (20) 

2016 385 (100) 203 (53) 85 (22) 22 (6) 75 (19) 

VL (log10 copies/mL) - median [IQR] 
5.51 [4.71-

6.46] 
5.40 [4.66-

6.26] 
5.83 [4.96-

6.60] 
5.45 [4.68-

6.73] 
5.65 [4.76-

6.56] 
0.004 

CD4 (cells/mm3) – mean (95% CI) 
478 [329-

636] 
495 [340-

650] 
437 [294-

591] 
491 [307-

590] 
459 [334-

650] 
0.040 

  Total 
Not included 
in a cluster 

Small cluster 
(≤3) 

Large cluster 
(>3) 

p 

N sequences (%) 1121 (100) 664 (59) 214 (19) 243 (22) 

Age (years) - median [IQR] 36 [28-45] 38 [30-47] 34 [26-45] 31 [26-39] <0.001 

Men - n(%) 1009 (90) 568 (86) 200 (93) 241 (99) <0.001 

Country of birth - n(%) <0.001 

France 790 (70) 448 (67) 158 (74) 184 (76) 

Other European countries 37 (3) 23 (3) 5 (2) 9 (4) 

Sub-Saharan Africa 74 (7) 66 (10) 4 (2) 4 (2) 

Other/unknown 220 (20) 127 (19) 47 (22) 46 (19) 

Route of transmission - n(%) <0.001 

MSM 788 (70) 421 (63) 170 (81) 197 (81) 

HTS 199 (18) 168 (25) 19 (9) 12 (5) 

IVDU 5 (0) 4 (1) 1 (0) 0 (0) 

Other/unknown 129 (12) 77 (11) 18 (9) 31 (14) 

Region of diagnosis 0.125 

Paris area 476 (42) 273 (41) 86 (40) 117 (48) 

Other region 645 (58) 391 (59) 128 (60) 126 (52) 

Year of diagnosis - n(%) <0.001 

2014 355 (32) 196 (30) 93 (43) 66 (27) 

2015 381 (34) 229 (34) 60 (28) 92 (38) 

2016 385 (34) 239 (36) 61 (29) 86 (35) 

Subtype <0.001 

B 628 (56) 365 (55) 154 (72) 109 (45) 

CRF02_AG 222 (20) 122 (18) 30 (14) 70 (29) 

URF 64 (6) 29 (4) 11 (5) 24 (10)   

Other 207 (18) 148 (22) 19 (9) 40 (16) 

VL (log10 copies/mL) - median [IQR] 
5.51  

[4.71-6.46] 
5.49  

[4.72-6.36] 
5.72  

[4.86-6.60] 
5.51  

[4.62-6.56] 
0.322 

CD4 (cells/mm3) - median [IQR] 
478  

[329-636] 
460  

[319-631] 
476  

[329-643] 
498  

[379-640] 
0.120 

Table 1. 
Demographical 

and clinical 
patients’ 

characteristics 
according to 
viral lineage 

Table 2. 
Demographic and 

clinical patient 
characteristics 

according to the 
clustering pattern 

Figure 3. Time distribution of large clusters (>3 sequences included). Each line represents a distinct large cluster of transmission while 
each dot depicts inclusion date of corresponding patients. (A) Turquoise dots indicate patient identified with TDRAM(s). The TDRAM or 
TDRAMs combination was constantly identified among those patients within the same cluster. (B) Colors indicate the sampling region, to 
help identifying Ile-de-France region, the main contributor to large RTC, all the other regions are presented with diamond shape. 
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[2] Grabowski MK et al. The role of viral introductions in sustaining community-based HIV epidemics in rural 
Uganda: evidence from spatial clustering, phylogenetics, and egocentric transmission models. PLoS Med. 
2014;11: e1001610.  
[3] Chaillon A et al. Spatiotemporal dynamics of HIV-1 transmission in France (1999-2014) and impact of 
targeted prevention strategies. Retrovirology. 2017;14: 15.  
[4] Ladner JT et al. Precision epidemiology for infectious disease control. Nat Med. 2019;25: 206–211.  
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• Prévalence des mutations de résistance 

environ 10,8% (18,6% en incluant RPV 

et ETR) = stable en France et en Europe 

• Quelques clusters de virus portants des 

mutations de résistance ! 

• Mais disparition du phénotype résistant 

dans le temps 

Visseaux et al. JAC 2020 
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Exemple 4 : quid des clusters qui grossissent 
• Bachmann et al. CID 2020 

o Swiss Cohort 

o 2007-2017 

o Identification des clusters en expansion  

 

o Associés à la proportion de sujets détectable et à un score de risque plus élevé 

(oubli préservatif ou co-infection) au sein du cluster 

o Proportion de patients bien contrôlés augmente, ce qui souligne l’importance de la 

part des sujets non diagnostiqués dans l’expansion des clusters 
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Exemple 5 : Identifier les infections « manquées » 
• Wertheim et al. AIDS 2020 

o CDC, USA 

o 2010-2017  

o En 2012 : 20 000 séquences, 116 clusters ≥ 3 patients (soit 759 cas), 86% MSM 

o Identification des clusters en expansion depuis 2012 

o Distinguer les cas “incidents” des cas “non diagnostiqués en 2012” 

www.cdc.gov | Contact CDC at: 1-800-CDC-INFO or www.cdc.gov/info
The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the Centers for Disease Control and Prevention.

INCIDENT INFECTION IN HIGH-PRIORITY HIV MOLECULAR TRANSMISSION CLUSTERS
Joel O. Wertheim1*, Nivedha Panneer2, Anne Marie France2, Neeraja Saduvala3, and Alexandra M. Oster2

1University of California, San Diego, CA, USA, 2CDC, Atlanta, GA, USA, 3ICF International, Atlanta, GA, USA

*Corresponding Author: jwertheim@ucsd.edu

Methods
§ Sequences reported to U.S. National HIV Surveillance System for 

diagnoses occurring in 2010–2017

§ Restricted to 6 jurisdictions with ≥50% genetic sequence 

completeness: CT, MI, NY, SC, TX, and WA

Baseline Analysis

§ Using data from cases diagnosed from 2010–2012, used HIV-

TRACE4 to construct molecular transmission clusters using partial 

pol (genetic distance ≤0.005 substitutions/site)

§ Identified priority clusters with recent and rapid growth: ≥3 cases 

diagnosed in 2012

§ Determined number of unsuppressed individuals (viral load ≥200 

copies/ml or no reported lab in previous year) in cluster at time of 

prioritization (end of 2012)

Follow-Up Analysis

§ Examined cluster growth by re-running HIV-TRACE using 

sequences from cases diagnosed through 2017 (5 years follow-up) 

in these 6 jurisdictions

Phylogenetic Approach

§ Constructed time-trees using BEAST5

§ Inferred time of most recent common ancestor (TMRCA) for each 

cluster using a fixed substitution rate prior

§ Identified clusters with post-2012 internal node ages, which are 

indicative of incident infections (Figure 1)

Regression Analysis

§ Performed multivariate logistic regression analysis in which 

outcome was ≥1 inferred incident infection

§ Cluster level attributes (epidemiologic, phylogenetic, and 

demographic) were included as covariates

References
1Wertheim et al. (2017) PLOS Pathogens 13(1): e1006000.
2Wertheim et al. (2018) JID 218:1943–1953.
3Oster et al. (2019) JAIDS 79(5):543–550.
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Background
§ HIV-1 molecular sequence data can identify people with 

direct or indirect epidemiological connections in a public 
health surveillance setting1

§ Molecular transmission clusters with recent and rapid 
growth disproportionately contribute to future cases of 

HIV diagnosis2,3

§ This cluster growth can be due to:
§ previously undiagnosed infections: HIV 

transmitted prior to cluster identification, but 
diagnosed afterwards

§ incident infection: HIV transmitted after cluster 

identification
§ It is unclear the extent to which infections in 

clusters with recent and rapid growth are due to 
transmission from:

§ Diagnosed but virally unsuppressed cases, or 

§ Previously undiagnosed cases

Conclusions
§New infections in priority clusters are equally 

associated with previously diagnosed, un-

suppressed cases and undiagnosed infections

§Priority clusters with older TMRCAs (as of 

2012) are less likely to give rise to incident 
infections

§Cluster size did not have a significant 

association with incident growth in priority 

clusters

§Priority clusters in which the majority of 

individuals were MSM were less likely to be 

associated with incident infection

Implications
§These results highlight the importance of 

promoting both retention in care and viral 

suppression as well as partner notification and 
other case-finding activities when investigating 

and intervening on priority molecular 

transmission clusters.
Priority Clusters at End of 2012
§ 19,511 cases diagnosed between 2010–2012 with a reported partial pol 

sequence
§ 116 priority clusters, comprising 759 total cases, were identified in 

December 2012 (Figure 2)
§ 31% clusters were majority (≥50%) Black/African American; 25% were 

majority Hispanic/Latino; and 27% were majority White
§ 86% clusters had majority MSM (men who have sex with men)

Cluster Growth During 2013–2017
§ 641 newly diagnosed cases were added to these clusters through 2017

§ 91 (78%) clusters added ≥1 new case through 2017
§ 73 (63%) clusters had phylogenetic evidence for a new incident case 

through 2017
§ The number of unsuppressed cases in 2012 and the number 

undiagnosed in 2012 were significantly associated with incident cluster 

growth (Table 1)

Identifying Incident Infections

Figure 2. Priority clusters identified at end of 2012, sorted by cluster size 

in 2012. Number of diagnosed cases in cluster at time of prioritization 

shown in green. Number of cases inferred to be undiagnosed at time of 
prioritization shown in red. Number of cases inferred to be incident 

infections after prioritization shown in blue.

Table 1. Predictors of clusters with ≥1 incident infection between 

2013–2017 in priority clusters in multivariate logistic regression model. 

Cluster attribute as of end of 2012 aOR 95% CI p-value1 

# diagnosed but unsuppressed 1.57 1.03–2.58 0.049 

# undiagnosed 1.57 1.11–2.48 0.027 

Cluster size 1.32 0.97–1.87 0.093 

Time of most recent common ancestor 0.71 0.50–0.93 0.033 

Median viral load 1.06 0.79–1.42 0.688 

Majority2 men who have sex with men 0.20 0.04–0.88 0.043 

Majority2 Hispanic/Latino 1.07 0.24–4.71 0.403 

Majority2 Black/African American 1.94 0.41–9.51 0.930 

Majority2 White 0.47 0.11–1.98 0.304 

aOR, adjust odds ratio of ≥1 incident infection in cluster; CI, confidence interval 
1Attributes significantly associated with subsequent incident case highlighted in red 
2Representing more than 50% of individuals in the cluster 

 

20142011 2012 2013

2014 Dx

2014 Dx

2014 Dx

2012 Dx Incident

infection

post-2012

Undiagnosed

infection

as of 2012

Figure 1. Phylogenetic approach for identifying clusters with new, incident infections

added after identification in 2012 (dashed line). Original members of high-priority cluster

(dx’d ≤2012) highlighted in green.  New members added to priority cluster (dx’d ≥2013)

shown in black.  Internal nodes post-dating 2012 are evidence for incident infection.

Branches that extend before 2012 are evidence that a new case was potentially infected,

but undiagnosed in 2012.

2012 Dx

2012 Dx

2011 Dx

N
u
m

b
e
r 

o
f 
in

d
iv

id
u
a

ls

0
1

0
2

0
3

0
4

0
5

0

# cases dx'd end of 2012

# inferred undiagnosed cases end of 2012

# inferred incident cases after 2012

www.cdc.gov | Contact CDC at: 1-800-CDC-INFO or www.cdc.gov/info
The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the Centers for Disease Control and Prevention.

INCIDENT INFECTION IN HIGH-PRIORITY HIV MOLECULAR TRANSMISSION CLUSTERS
Joel O. Wertheim1*, Nivedha Panneer2, Anne Marie France2, Neeraja Saduvala3, and Alexandra M. Oster2

1University of California, San Diego, CA, USA, 2CDC, Atlanta, GA, USA, 3ICF International, Atlanta, GA, USA

*Corresponding Author: jwertheim@ucsd.edu

Methods
§ Sequences reported to U.S. National HIV Surveillance System for 

diagnoses occurring in 2010–2017

§ Restricted to 6 jurisdictions with ≥50% genetic sequence 

completeness: CT, MI, NY, SC, TX, and WA

Baseline Analysis

§ Using data from cases diagnosed from 2010–2012, used HIV-

TRACE4 to construct molecular transmission clusters using partial 

pol (genetic distance ≤0.005 substitutions/site)

§ Identified priority clusters with recent and rapid growth: ≥3 cases 

diagnosed in 2012

§ Determined number of unsuppressed individuals (viral load ≥200 

copies/ml or no reported lab in previous year) in cluster at time of 

prioritization (end of 2012)

Follow-Up Analysis

§ Examined cluster growth by re-running HIV-TRACE using 

sequences from cases diagnosed through 2017 (5 years follow-up) 

in these 6 jurisdictions

Phylogenetic Approach

§ Constructed time-trees using BEAST5

§ Inferred time of most recent common ancestor (TMRCA) for each 

cluster using a fixed substitution rate prior

§ Identified clusters with post-2012 internal node ages, which are 

indicative of incident infections (Figure 1)

Regression Analysis

§ Performed multivariate logistic regression analysis in which 

outcome was ≥1 inferred incident infection

§ Cluster level attributes (epidemiologic, phylogenetic, and 

demographic) were included as covariates
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Background
§ HIV-1 molecular sequence data can identify people with 

direct or indirect epidemiological connections in a public 
health surveillance setting1

§ Molecular transmission clusters with recent and rapid 
growth disproportionately contribute to future cases of 

HIV diagnosis2,3

§ This cluster growth can be due to:
§ previously undiagnosed infections: HIV 

transmitted prior to cluster identification, but 
diagnosed afterwards

§ incident infection: HIV transmitted after cluster 

identification
§ It is unclear the extent to which infections in 

clusters with recent and rapid growth are due to 
transmission from:

§ Diagnosed but virally unsuppressed cases, or 

§ Previously undiagnosed cases

Conclusions
§New infections in priority clusters are equally 

associated with previously diagnosed, un-

suppressed cases and undiagnosed infections

§Priority clusters with older TMRCAs (as of 

2012) are less likely to give rise to incident 
infections

§Cluster size did not have a significant 

association with incident growth in priority 

clusters

§Priority clusters in which the majority of 

individuals were MSM were less likely to be 

associated with incident infection

Implications
§These results highlight the importance of 

promoting both retention in care and viral 

suppression as well as partner notification and 
other case-finding activities when investigating 

and intervening on priority molecular 

transmission clusters.
Priority Clusters at End of 2012
§ 19,511 cases diagnosed between 2010–2012 with a reported partial pol 

sequence
§ 116 priority clusters, comprising 759 total cases, were identified in 

December 2012 (Figure 2)
§ 31% clusters were majority (≥50%) Black/African American; 25% were 

majority Hispanic/Latino; and 27% were majority White
§ 86% clusters had majority MSM (men who have sex with men)

Cluster Growth During 2013–2017
§ 641 newly diagnosed cases were added to these clusters through 2017

§ 91 (78%) clusters added ≥1 new case through 2017
§ 73 (63%) clusters had phylogenetic evidence for a new incident case 

through 2017
§ The number of unsuppressed cases in 2012 and the number 

undiagnosed in 2012 were significantly associated with incident cluster 

growth (Table 1)

Identifying Incident Infections

Figure 2. Priority clusters identified at end of 2012, sorted by cluster size 

in 2012. Number of diagnosed cases in cluster at time of prioritization 

shown in green. Number of cases inferred to be undiagnosed at time of 
prioritization shown in red. Number of cases inferred to be incident 

infections after prioritization shown in blue.

Table 1. Predictors of clusters with ≥1 incident infection between 

2013–2017 in priority clusters in multivariate logistic regression model. 

Cluster attribute as of end of 2012 aOR 95% CI p-value1 

# diagnosed but unsuppressed 1.57 1.03–2.58 0.049 

# undiagnosed 1.57 1.11–2.48 0.027 

Cluster size 1.32 0.97–1.87 0.093 

Time of most recent common ancestor 0.71 0.50–0.93 0.033 

Median viral load 1.06 0.79–1.42 0.688 

Majority2 men who have sex with men 0.20 0.04–0.88 0.043 

Majority2 Hispanic/Latino 1.07 0.24–4.71 0.403 

Majority2 Black/African American 1.94 0.41–9.51 0.930 

Majority2 White 0.47 0.11–1.98 0.304 

aOR, adjust odds ratio of ≥1 incident infection in cluster; CI, confidence interval 
1Attributes significantly associated with subsequent incident case highlighted in red 
2Representing more than 50% of individuals in the cluster 
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• Analyse descriptive des populations clés, à haut risque, faisant partie de 
chaînes de transmission actives (jeune, HSH, né en France, infection par 
virus CRF02_AG) 

 

• Nombre de patients en primo-infection inclus dans des clusters de 
transmission en augmentation: Augmentation de la vitesse de propagation 
? population cible de plus en plus cloisonnée ? 

 

• Confirme la puissance de l’outil pour des analyses plus poussées : 
analyse en temps réel ? 

 

• Base pour une approche interventionnelle ? 
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Exemple 6 : Near real-time monitoring of HIV transmission 

hotspots from routine HIV genotyping. 
Art F Y Poon et al. Lancet HIV, 2016 
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Exemple 6 : Near real-time molecular 

surveillance to inform data-to-care in NYC 

L. Taurian et al. abstract 860, CROI 2019  

o NYC, sexual health center 

o Objectif : analyse des clusters de transmission en temps 

réel pour joindre les personnes dans ces réseaux et offrir 

une offre de soin/dépistage renforcée 

o Analyse des séquences pol des cas incidents juin 2016-

juin 2018, n = 722 

o Banque de 70 000 séquence de cas prévalents 

o 225 clusters avec  2778 membres (2-155 prsonnes) 

Résultats des analyses rendus trop tardivement au 

moment de l’entrevue des cas index 

 Identification des individus sortis du parcours de soin 

depuis plus d’un an (5%) et des individus avec CV 

positives (4%), dont respectivement 1/3 et 2/3 ont pu être 

jointes 
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Last and not least : Cas du « Cluster 94 » 

Été 2017, au laboratoire de virologie de la Pitié-Salpétrière profils de 
génotypage inhabituels pour plusieurs souches virales : 

 

 Protéase : CRF02_AG (score parfait des blasts) 

 Reverse transcriptase : B (score parfait des blasts) 

 Recherche des séquences proches : ramène une dizaine de patients sur la 
base de la Pitié-Salpétrière ?!?! 

 

 

 

 

 

Pendant ce temps là, à Tours… : 1 patient au profil atypique  
envoi de la souche à Rouen pour analyses complémentaire 
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The « Cluster 94 » case 
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Cas du « Cluster 94 » : bilan 

• Forte réplication même hors primo-infection  

• Après 1 an sous trithérapie 6/31 (19%) > 50 copies dont 1 à 550 cp/mL (stade avancé) 

• Proximité moléculaire avec X4, péjorative pour l’évolution clinique.  

• Intérêt de diagnostiquer pour traiter rapidement  

 

• Actions en collaboration avec ARS et CEGIDD   

 

• Rôle des applications de rencontre + réseau local 

 

• Pas/peu de connaissance de la PrEP 

 

 

Actions entreprises…

• Contact de l’ARS, du CEGGID local, 
d’association (AIDES), de la société 
concernée et sa médecine du travail

• Reprise d’actions de prévention
• Affichage

• Stand AIDES au sein de l’entreprise

• Promotion de la PREPS et du dépistage
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Conclusion 
• L’identification des réseaux de transmission par phylogénie apporte des 

connaissances sur l’épidémie actuelle 

 Évolution récente par le flux de migrants ? 

 

• Analyse en temps réel permet de détecter les clusters actifs et ouvre une 
fenêtre d’intervention  
 opportunité pour des actions de prévention ciblée  

 Renforcement du suivi thérapeutique des patients diagnostiqués appartenant à ces 
clusters 

 

• Peu coûteux car données déjà disponibles mais difficultés logistiques au 
départ pour la mise en commun des données 

 

• Limites : respect de la confidentialité, vie privée  
o méthode d’anonymisation (y compris géolocalisation) 

o Avis du CNS en faveur de la notification aux partenaires 
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Merci de votre attention 
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