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HIV-1 Prevalence HIV-1 Subtypes 

HIV-1C 



ART for HIV-1 Prevention 

HIV-negative individuals:  

Pre- & Post-Exposure Prophylaxis 

HIV-positive individuals: 

Treatment as Prevention (TasP) 



 HIV-1 RNA load is a marker of viral 
transmission. ART suppresses HIV replication. 

 High viremics: a subset of HIV-infected 
individuals with high HIV-1 RNA load. 

 HIV-1 genotyping in TasP:  
 Viral linkage: linked vs. unlinked cases; 

 High viremics disproportionally contribute to HIV 
incidence; 

 Extent of mixing between communities. 



NEJM, 2000 

Viral load is the chief predictor of the risk of heterosexual transmission of HIV-1. 

Transmission is rare if viral RNA levels are lower than 1,500 copies/ml. 



  

• 39 HIV-1 transmissions were observed 

o 11 unlinked 

o 28 linked to the infected partner   

 Immediate ART: 1 HIV transmission 

 Deferred ART: 27 HIV transmissions 
 

96% reduction of HIV transmission due to early ART 
  



HIGH  VIREMICS 



Total N= 77 
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The proportion of extended high viremics:  
 34% (95% CI 23%–44%) during 100–300 days p/s 
  19% (95% CI 9%–29%) during 200–400 days p/s 
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Control community Intervention community 



A B

Incident HIV cases 

Control community Intervention community 



A B

Control community 

Incident HIV cases 

Prevalent HIV cases 

Intervention community Viral linkage:  
• To identify the source (within vs. outside) of HIV transmission  

• To refine estimates of HIV incidence 



Incident 

Prevalent 

HIV Infections: 

Community 



Incident 

Prevalent 
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Community 



Incident 

Prevalent 

HIV Infections: 

Community Viral Linkage Analysis 



Total N= 77 

 HIV-1 incidence and prevalence 

 Social, educational, and behavioral risk factors 

 Uptakes of VCT, condom use, and sMC 

 Viral linkage and clustering (in relation to high 
viral load) 

 Uptake of ART as prevention (VL ≥50,000) 

 Develop mathematical models for control 
strategies 

 



Mochudi: Large rural village,  44,000 people 
 



HIV-1C env sequences 

431 individuals 
(021M) 

ML tree 
        aLRT≥0.98 

32 clusters: 

33.9%  
(146 of 431 sequences) 

Seqs per 
cluster 

Clusters, 
n 

2 23 
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31 1 

jModelTest:  

TrN+G+I 

PhyML 

0.1



Cluster 02: 20 subjects (prevalent cases) 

Method Model 
Reliability  
of the 
cluster 

ML 
PhyML 
jMT 0.983 (aLRT) 

ML 
FastTree 
2, GTR+G 

0.996 

(Shimodaira-
Hasegawa) 

NJ 
FastTree 
2, noML 

0.953 

(Shimodaira-
Hasegawa) 

Bayesian 
Mr. Bayes, 
GTR+G, 
20M chain 

0.999  

(clade 
credibility 
value) 



Cluster 13: 13 subjects (prevalent cases) 

Method Model 
Reliability  
of the 
cluster 

ML 
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Cluster 15: 31 subjects (prevalent cases) 
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Cluster 16: 22 subjects (prevalent cases) 
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Cluster 25: 18 subjects (prevalent cases) 

0.98

0.944

0.994

0.999

0.1





2 3 4 5 6
C

o
u
n
t

0

5

10

15

20

25

30

HIV-1 RNA load ouside of clusters

HIV-1 RNA load in clusters
2 3 4 5 6

C
o
u
n
t

0

2

4

6

8

10

Distribution of HIV-1 RNA 

Within clusters 

Outside clusters 

H
IV

-1
 R

N
A

 l
o
a
d
, 

lo
g

1
0
 c

o
p
ie

s
/m

l

WITHIN CLUSTERS OUSIDE CLUSTERS

1

2

3

4

5

6

7 Median (IQR):

4.32 (3.14 - 5.06) 4.18 (2.98 - 4.87)

p=0.52

HIV-1 RNA load within and outside clusters 
(ART naïve subjects) 
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p = 0.793 (ART-naïve members only) 
(Kruskal-Wallis One Way Analysis of Variance on Ranks) 



HIV 
status 

CD4 test 
HIV-1 

RNA load 

RHT 

If HIV+: 
CD4 test 

350 

If <350: 
ART 

If >350: 
VL test 

10K 

If >10K: 
ART 

If <10K: 
Monitor 



HIV 
status 

CD4 test 
HIV-1 

RNA load 

RHT 

HIV+*: 
21% 

350 

<350: 
47% 

>350: 
53% 

10K 

>10K: 
43% 

<10K: 
57% 

NNT: 
Number 

Needed 

to Treat 

* 41% of HIV-infected  

individuals are on ART 
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CD4 test 
HIV-1 

RNA load 

RHT 

HIV+: 
731 

On ART: 
300 

350 

<350: 
203 

>350: 
229 

10K 

>10K:  
98 

<10K: 
130 

Average community:  

   - total population ~6,000 

   - age eligible for HTC (16–64 y.o.) 3,480 
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HIV 
status 

CD4 test 

$12/POC test 

HIV-1 
RNA load 

RHT 

HIV+: 
n=731 

On ART: 
n=300 

CD4 cost: 
$5,174 

<350: 
n=203 

>350: 
n=229 

VL cost: 
$7,313 

ART>10K:  
$37,834 

ART<10K: 
$50,149 

Average community:  

   - total population ~6,000 

   - age eligible for HTC (16-64 y.o.) 3,480 

POC CD4: $12 / test 

Lab-based VL: $32 / test 

ART cost, per year: $385 

Cost  

per  

year 



VIRAL LOAD-DRIVEN  TASP 

 Total cost: $50,318 
 CD4 testing: $5,174 

 VL testing: $7,313 

 ART: $37,662 

 Savings per year: $37,662 
 % Savings: 46% 

UNIVERSAL  TASP 

 Total cost: $93,155 
 CD4 testing: $ 5,174 

 VL testing: $0 

 ART: $87,981 

 Savings per year: $0 
 % Savings: 0 

 

HIV-infected individuals with CD4 > 350: 



 Botswana Combination 
Prevention Project (BCPP) 



 Community-randomized TasP trial in Botswana. 

 30 communities, 15 pairs: 

 Arm A: control communities, standard-of-care, ART at CD4<350 

 Arm B: intervention communities. 

 ART: in adults with high HIV-1 RNA load (>10K copies/ml) to 
prevent HIV transmissions. 

 Viral linkage will used to estimate source of HIV infection.  

 Targeted population (16-64 y.o.): ~100K. 

 Duration of the study: 4 years. 



 To reduce cumulative HIV incidence in adults (16–64 

years old) by:  

 Enhanced HIV testing and counseling (HTC); 

 Active linkage to HIV care and treatment; 

 Expanded MC services; 

 cART for adults with CD4<350/µL or WHO stage III/IV, or with 

HIV-1 RNA load >10,000 copies/ml (with viral linkage); 

 PMTCT:  

▪ early initiation of ART during pregnancy in HIV-positive women 

▪ retesting of HIV-negative women late in pregnancy 

 To estimate the cost per infection averted 

 

PRIMARY OBJECTIVES:  



 

HIV testing

Linkage to care & ART (CD4≤350)

Expanded ART (CD4>350 & VL≥10K)

Male circumcision

PMTCT uptake

20% of

households

Intervention (Arm B)

Standard ART (CD4≤350)

Standard prevention services

20% of

households

Standard of  care (Arm A)

HIV Incidence Cohort Closed Clinical Cohort

Coverage & Safety Estimates:

HIV Testing, Linkage to care and ART/pre-ART,

Retention in care, Adherence support,

PMTCT and MC

High Viral-Load Treatment Cohort (Arm B)

Initially HIV-neg ART-naïve HIV-pos

Cost-effectiveness

RANDOMIZED COMMUNITIES

Longitudinal Cohorts
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Previous BHP studies: 

BCPP: 



 HIV-1 viral linkage and HIV-1 RNA load are 
important components of the TasP strategy.  

 The major role of viral linkage: 
 to distinguish linked and unlinked cases 

 to determine the extent of mixing across 
communities.  

 Monitoring of HIV-1 RNA load can:  
 re-focus the TasP strategy on the most likely 

transmitters 

 reduce the cost of the TasP approach over time. 
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