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Patients: Subjects M1 and M2 are HIV-1 chronically infected patients followed at the
Immunology and Infectious DiseasesOutpatientconsultationsfrom the Centre Hospitalier
UniversitaireVaudois, respectively. The two men were togetherfrom 2006 onwardand have
unprotectedsex. In 2008 an informed consentwas obtained from each man, in order to
investigatetheHIV transmissionin thecouple.
ResistanceAnalysis: Viral RNA resistancegenotypeassessmentsweregeneratedwith Virco®
PCRalgorithmson a routinebasis. The resulting1.4kb pol nucleotidesequenceswerefurther
analysedwith theStanfordUniversityDrugResistanceonlinetool.
Subtypeassignment: Genotyperesistanceand clade prediction was verified by phylogenetic
analysisof HIV alignmentscomprisingalso referencesequencesfrom subtypesA to J and
CRF01 to CRF15 (datanotshown).
Clone analysis: Viral whole genomesequencesanalysiswere performedat the Molecular
Retrovirology Laboratory from the Department of Microbiology at the University of
Washington. For this purpose,storedplasmafrom M1 collectedin 2000and2008plus plasma
from M2 collectedin 2008wereevaluated.

Resistance mutations to ART present in M1 (2008-2009) and M2 (2008) HIV-1
genotypic analyses .
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1. ABSTRACT

Background:
HIV-1 superinfection (HSI) has been mostly reported among untreatedpatients, during
treatment interruption, and more recently in seroconcordantcouples with poor viral
suppression. Herewe reportthe emergenceof HSI in a mansuccessfullycontrolledwith ART
following unprotectedsexwith aseroconcordantpartner.
Patientsand Methods:
Briefly, bloodsampleswereobtainedfrom 2 men(M1 andM2) chronicallyinfectedwith HIV-1
and sexual partnerssince 2006. M1 was diagnosedin 2000 with primary HIV infection,
initiated ART in 2000, and has remained on ART with undetectableviremia, normal
CD4+counts(mean=883cells/mm3) andno drug resistancemutationsthroughthe endof 2007.
In contrast,M2 had not controlled viremia (range: 3 to 4 log) despite5 yearsof ART and
harboreda triple classresistantvirus. In February2008M1 presentedaplasmaviral loadof 280
copies/mLthat kept increasingandreboundingover the following year. A new viral genotype
was detectedwith triple class resistancein M1. Assessmentof both patients'viruses was
performedin additionto a phylogeneticanalysisof whole-genome(N=28), env(N=28) andgag
(N=25) sequencesobtainedfrom viral RNA collectedin 2000and2008. Sequencealignments
were generatedwith clustal W or MUSCLE and phylogeniesinferred with neighbor-joining
plusbootstrapresamplingor maximum-likelihoodmethods.
Results:
All 86 viral sequenceswereassignedto cladeB. Thegenotypicanalysisfrom 2008revealed25
new drug resistancemutationsto NRTI/NtRTI (6/25), NNRTI (5/25) and PI (14/25) in M1�¶�V
profile, of which 23 were also presentin M2 from the sameperiod. Additionally, M1-2008
sequencesclusteredwithin theM2-2008branchesanddistinct from M1-2000sequenceclusters
in all trees. No recombinationbetweenthe original M1 and M2 strainswas observed,rather,
substantialreplacementof M1 by M2 sequenceswasdetecteduponsuperinfection.

Patient Date Antiretroviral 
treatment

CD4+  T-cell 
cells/mm3 

(%)

Virological
assessment

M1

Baseline
2000

naïve 405
(23.7) 

�‡Incomplete seroconversion
�‡Viral load = 4x106 RNA-copies/mL   

September 
2007

ABC
+

3TC
+

AZT

872
(29.9)

�‡Undetectable viremia after starting
ART in 2000.

�‡No emergence of drug resistance 
mutation.

February 
2008

1025
(30.8)

�‡Triple class-resistant virus
�‡Viral load = 280 RNA-copies/mL

April
2009

776
(27.2)

�‡Same resistant mutation pattern
�‡Viral load = 2460 RNA-copies/mL

December
2009

822
(25.3)

�‡Viral load = 795 RNA-copies/mL

M2

March
2008

ABC + 3TC + 
LPV/r

273
(27.0)

�‡Persistent  triple class-resistant virus
�‡Viral load = 17300 RNA-copies/mL

June
2008

RAL + MVC + 
ETV + DRV /r

410
(26.9)

�‡Viral load <40 RNA-copies/mL

Blood specimenswereobtainedfrom 2 men(M1 andM2) chronicallyinfectedwith HIV-1
andsexualpartnerssince2006.

7. CONCLUSIONS

�‰ We detectedHIV-1 cladeB superinfectionin a patientwith continuous,efficient long-
termART controlledinfection,initially indicatorsbeinga detectableandincreasingviral
loadandacquisitionof drugresistancemutationsderivedfrom thesuperinfectingstrain.

�‰ Upon the onsetof HIV-1 superinfectionin patientM1 other resistancemutationsnot
presentin the superinfectingstrain also emerged�±probably, selectedat early ART
regimensand presentasminority populationsprior to superinfection.

�‰ In contrastto recentreportsof superinfectonamonglong-term known seroconcordant
couplesundergoingART, this reportunderscoresthefragilebarrierexertedby HAART.

�‰ This evidencehasimportant implicationsfor ongoingHIV therapeuticand preventive
vaccinestrategiesaswell aspre-exposureprophylaxis.

6b. Gag TREE
Maximum Likelihood tree of gag 1.5kb alignment of HIV -1 M1

and M2 clone sequences
Maximum Likelihood tree of env 1.6kb alignment of HIV -1 M1 

and M2 clone sequences

CLUSTERS

M1
refers to whole genome sequences 

derived from plasma of 2007 .

M2 
refers to whole genome sequences 

derived from plasma of 2008.

HSI (HIV superinfection)
corresponds to env or gag 
sequences obtained from

M1 plasma of 2008 .

Overall,all NRTI/NtRTI, NNRTI andPI resistancemutationsfound in M2 emergedin M1. Mutation
75T hasa high frequencein CRF01_AE cladeinfectionandis associatedwith reducedsusceptibilityto
d4T/ddI. Interestingly, 75T has remainedtraceablein M1 despite the absenceof drug pressure.
Additionally, two othernewresistancemutationsemergedin M1, PI mutation82A andNRTI mutation
115F. Perhapsthese2 newmutationswereselectedby previousART combinationsusedin patientM1.
In fact,M1 receivedLPV/r (Kaletra)andAZT+3TC (Combivir) prior to Trizivir startedat2002.

Sequence alignments were 
generated with clustal W

or MUSCLE. 

M1-2008 sequencesclustered
within the M2-2008 branches
and distinct from M1-2000
sequenceclustersin both trees.
No recombinationbetweenthe
original M1 andM2 strainswas
observed, rather, substantial
replacement of M1 by M2
sequenceswas detected upon
superinfection.

4. VIRAL LOADS AND CD4+ COUNTS  FROM  M1

HSI cluster

M2 
cluster

M1 
cluster

M1 
cluster

M2 
cluster

HSI cluster

Upon HIV-1 superinfectionin M1, plasmaviral load reboundedby at least a 1.5 log increase.
WhereasCD4+ counts(%) haveremainedwithin a smallrangeof variationoverthesameperiod.
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