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Background 
• SANBS screens all donations for HIV, HBV & HCV using ID-NAT in parallel 

with serology testing 
 

• Although variable, eclipse period from infection acquisition to disseminated 
viraemia is estimated ~10 days using ID-NAT1 
 

• Very early initiation of cART is likely to have a beneficial effect on the course 
of HIV disease and may facilitate HIV Cure Interventions2  
 

• Use of ID HIV antibody and RNA testing of blood donors and the high 
incidence of HIV infection in SA enables identification of: 
• Donors with very early (Fiebig stage I & II) incident infection (HIV RNA+, Antibody-)  
• Potential Elite Controllers (EC), a group who are able to control virus replications 

without treatment (HIV RNA-, Antibody+) 
• Confirmed using western blot 
• Definition of an EC is a viral load <50 copies/mL   

• Prevalent HIV infections (HIV RNA+, Antibody+) 

 
1 Lee et al Journal of theoretical Biology 2009 
2  Barouch & Deeks Science 2014; Okulicz JAMA Intern Med 2014 



Monitoring and Acute treatment of HIV 
study (MATHS) Objectives: 

1. Determine Fiebig stage at time of blood donation. For 
donors identified as being Fiebig stage I or II initiate cART, 
and ascertain Fiebig stage at the time of therapy initiation 
 

2. Establish the size of the peripheral blood viral reservoir at 
the initiation of cART and at defined time points post cART 
initiation for donors enrolled in the treatment study 
 

3. Conduct a “proof of concept study” to show how blood 
donors identified as having “hyper-acute” HIV infection by 
blood testing can be successfully linked to care with the 
initiation of early HIV treatment 

 



MATHS Study Design 
• Enrolment commenced end-October 2015 

 

• Acute (50 RNA+/Ab-) & Recent (25 RNA+/Ab+/Lag recent) 
HIV infections: 
• Open label, non-randomized treatment study  
• Rapid (<4 weeks post index donation) initiation of approved 3-drug 

antiretroviral therapy (cART) 
 

• Elite Controllers (N=20) 
• Parallel prospective observational cohort of 20 elite controllers 

 

• 2-year clinical and research follow-up  
 

• Frequent research blood samples for HIV virology and 
immunology  
 

• Less frequent, large volume leuka- and plasmapheresis for 
measurement of HIV reservoir 
 



Background 
• Loss of “Elite Control” by a MATHS participant 
• Anecdotal evidence of Elite Controllers reporting ART and therefore 

“false EC” while recruiting and enrolling donors into the MATHS cohort 
study 

• Apparent increase in EC over 1-2 years and during a winter incentive 
campaign 
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Aim & Methods 

Aim 
• To understand the extent of the false EC phenomenon and generate 

hypothesis for its genesis and prevention 
Methods 
• 211 Potential EC tested for five ARV drugs using qualitative liquid 

chromatography tandem mass spectrometry (sensitivity 0.02µg/mL) 
• Nevirapine, Efavirenz, Darunavir, Atazanavir, Lopinavir 

• Compare the frequency of false EC against blood drive 
characteristics, donor incentives and the temporal trend of ART rollout 
in South Africa using chi-square, Fisher exact and trend tests 



ART Rollout 
Of 211 Potential Elite Controllers tested, 129 
(61%)  had evidence of ART and were 
therefore “False Elite” Controllers.  



“False” Elite controllers by donation site 
and incentives 

  

  
False Elites 

n=129 (%HIV+) 
True Elites 

n=82 (%HIV+) 
Total 

n=211 (%HIV+) 
Donation Site (p=0.14)     

Mobile 116 (1.6) 68 (1.0) 184 (2.6) 
Fixed 13 (0.75) 14 (0.81)  27 (1.6) 

Donor Incentives (p=0.74)     
Incentive period 26 (2.1) 15 (1.2) 41 (3.3) 
Non-incentive period 103 (0.96) 67 (0.62)  170 (1.6) 



False Elite controllers by gender and age 

False EC (%HIV+) 
N=129 

True EC (%HIV+) 
N=82 

Total (%HIV+) 
N=211 

Gender (p=0.35) 
Female 95 (1.10) 65 (0.75) 160 (1.85) 
Male 34 (0.73) 17 (0.37) 51 (1.10) 

Age (p=0.03)* 
15-19 10 (0.37) 13 (0.48) 23 (0.84) 
20-25 12 (0.35) 16 (0.47) 28 (0.82) 
26-30 23 (0.91) 12 (0.47) 35 (1.38) 
31-40 58 (2.06) 23 (0.82) 81 (2.87) 
41-50 23 (1.79) 10 (0.78) 33 (2.57) 
>50 3 (0.67) 8 (1.78) 11 (2.44) 

* For age >30 versus <=30 



False Elite controllers by race 
False EC (%HIV+) 

N=129 
True EC (%HIV+) 

N=82 
Total (%HIV+) 

N=211 
Race  

Asian 1 (0.72) 1 (0.72) 
Black 120 (1.00) 70 (0.59) 190 (1.59) 
Coloured 1 (0.23) 1 (0.23) 2 (0.45) 
Unallocated 5 (2.45) 3 (1.47) 8 (3.92) 
White 3 (0.56) 7 (1.31) 10 (1.88) 

Due to the small number of Potential ECs in non black race group  
we did not analyse for significance 

Drugs Atazanavir Darunavir Efavirenz Lopinavir Nevirapine 

Number (%) 0 0 111 (86) 7 (5.4) 11 (8.5) 

Drugs detected 
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TND= 0/18 reps; <0.12 set at 0.1 
(1/18 reps – poisson derived value 0.12) 

Viraemia in EC’s 



Distribution of viral load in 28 elite controllers 
plasmas 

Case number 

Determined by probit alalysis from proportion of positive samples on 30 replicate Ultrio 
assays against DDL HIV subtype B standard dilutions 

HIV-RNA copies/ml 

In 7/28 (25%) no HIV-
RNA detectable in 10-

33 replicate dHIV 
assays 



Modeling the proportion of RBC and FFP transfusions 
from elite controllers being infectious 

Percent 
 infectious 

infectious dose (ID50) in virions 
 

2.2% 

Modeled on 28 elite controllers 
whose viral loads were 

determined by probit analysis  
against DDL HIV subtype B 

standard 

(20 ml) (200 ml) 

15.5% 

2.2% 
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ID50   
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Conclusions 
• False EC due to undisclosed ART use, represent a large and 

growing proportion of potential EC in SA blood donors 
• False EC status may be associated with older age but not with 

sex or race 
• False EC status is not associated with small incentives or fixed 

versus mobile collection site  
• False EC may seem to be increasing as ART coverage increases 

in South Africa 
• True EC and False EC do still have viremia and therefore pose a 

risk to blood safety 

 
 

 
 

 



Way forward 

• Enrol False Elite controllers into a qualitative research  
study to determine 
• Whether donors feel peer pressure at Mobile clinics 
• Whether donors believe they are cured 
• If more education is required at the treatment clinics 
• If donors are test seeking for confirmatory purposes 
• Whether donors donate for incentives/ small gifts 

• Test concordant HIV NAT+/antibody+ donors – especially 
those with low viral load - for ART to measure the extent 
of undisclosed ART usage in that group. 
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Impact of early ART treatment and 
pre-exposure prophylaxis on 

performance of assays for HIV 
diagnosis and donor screening 
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HIV Viremia during early infection 

HIV RNA (plasma) 
HIV Antibody 
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Fiebig Stages of Acute HIV Infection 



Adapted from Owen et al J Clin Micro 2008 and Masciotra et al J Clin Virol 2011,2013  
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Reduction in HIV Ab reactivity in EC and 
Following ART in CEPHIA  

Keating et al. JID, in press 
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HIV Abs in Early/Late Treatment  Cohort 

Keating et al, JID, in press 



HIV Antibody Levels and Avidity Slowly but Steadily 
Decrease during ART in A5321 Cohort 

Sheila et al, in preparation 



 HIV latency is established in acute HIV infection 
 Latency persists despite early and long-term ART 
 Pool of latently infected cells is stable with little to no decay in 

the presence of long-term ART 

When is HIV latency established? 

Archin N et al. PNAS, 2011 
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Keating SM, Pilcher CD, Busch MP: Clin Infect Dis. 2016. 
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Absence of Serological Response Following  
Early Treatment of Acute HIV Infection 



Initiation of HAART at very early times in acute HIV infection 
(AHI) can reduce viral load to below detectable levels.   
  
The reduction of plasma viremia may reduce HIV-1 immune 
response and emergence of HIV diagnostic markers in blood.   
 
HIV infected infants who initiated treatment before 12 weeks of 
age frequently become HIV seronegative by 2 years of age, but 
have not cleared virus from latent reservoirs. 
 
Examine evolution of HIV serological markers following early 
HAART Therapy    

Background 
 



Study Populations and Assays 
Evolution of HIV Markers in two Acute HIV Infection Cohorts 
 

 RV217 - Untreated population 
 RV254 – Initiated HAART Treatment during AHI 
 

Viral markers were followed  at various times post first infection 
 

 
 

 RNA        Screen – Aptima (Hologic) 
        Viral Load – (Abbott m200) 
 
 p24 Ag       Bio-Rad p24 Ag (RUO) 
 4th Gen EIA Bio-Rad Ab/Ag Combo  
 3rd Gen EIA  Bio-Rad EIA 1/2/O  
 Supplementary    Bio-Rad Western blot 
         Bio-Rad MultiSpot 
 



3rd Gen EIA signal in Untreated HIV Volunteers 

Untreated Volunteers were Reactive by 3rd Gen EIA by 2 weeks with s/co >14. 
      

Once seroconversion took place, all samples remained EIA Reactive 
throughout subsequent testing periods 
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Treated at Fiebig I      N = 20 
11 (55%) Non Reactive (NR) [6 (30%) 
Transient] 
3 (15%), Low 
3 (15%) Medium 
3 (15%) High. 
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3rd Gen EIA signal in Individuals Treated at Fiebig I 



3rd Gen EIA signal in Individuals Treated at Fiebig II 
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Treated at Fiebig II      N = 30 
2 (6.7%) NR 
8 (26.7%)  Low 
14 (46.7%)  Medium 
6 (20%)  High 



3rd Gen EIA signal in Individuals Treated at Fiebig III/IV 

 -

 2

 4

 6

 8

 10

 12

 14

 16

0 5 10 15 20 25

s/co

Weeks on HAART

 -

 2

 4

 6

 8

 10

 12

 14

 16

0 5 10 15 20 25

s/co

Weeks on HAART

Treated at Fiebig III/IV      N = 20 
1 (5.0%) NR 
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6. (30.0%)  Medium 
8 (40%)  High. 
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Delay/Reversion of 3rd Gen EIA following early HAART 

EIA Reactivity by Wk 24 
 
HAART treatment at  
Fiebig I - IV results in 
decreased seroreactivity  
at later times. 
 
. 

N
24 0 0% 0 0% 0 0% 24 100%

Fiebig I 20 11 55.0% 3 15.0% 3 15.0% 3 15.0%
Fiebig II 30 2 6.7% 8 26.7% 14 46.7% 6 20.0%
Fiebig III/IV 20 1 5.0% 5 25.0% 6 30.0% 8 40.0%

Treated

3rd Gen EIA Reactivity (s/co)
NR (<1.0) Low (1 - 50 Med (6 - 12) High (>12)

Untreated 

0%

20%

40%

60%

80%

100%
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Med
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-----------------Treated------------------



Conclusions 
In untreated individuals, serological markers evolve with time post infection: 

4th  Gen EIA (Ag/Ab Combo) reactive within 7 days,  
3rd Gen (Ab) within 14 days, and  
WB Pos within 24 days post infection. 

Treatment at Fiebig I blocks subsequent emergence of anti-HIV  
       72.7% of individuals remained serologically HIV negative by week 24 
Treatment at Fiebig II caused delay or decrease of serological markers, 
    68.6% of individuals at Wk 12, and 70.7% by Wk 24. 
Treatment at Fiebig III and IV results in delay/decrease in seroreactivity  
       in 60% participants  
Western Blot reactivity is significantly delayed/reduced  
        45% of individuals had IND or Neg WB even after Wk 12 and 24. 
Caution is urged in interpretation of negative serological signal in 

individuals on early HAART as absence of infection.  
 
 



HIV Seroincidence Panel Project  
(SIPP) 



The Effect of Oral Pre-Exposure 
Prophylaxis (PrEP) on the 

Progression of HIV-1 Seroconversion:  
The Known Unknowns 
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Background 
• Six randomized clinical trials of tenofovir disoproxil fumarate 

(TDF) alone or in combination with emtricitabine (TDF/FTC) 
[TRUVADA®] used as pre-exposure prophylaxis (PrEP) for HIV-
1 infection have shown a reduced risk of HIV-1 acquisition 
between 44% and 87% 

• Success of PrEP is associated with antiretroviral drug 
adherence 

• Primate model suggests that PrEP reduces viral load associated 
with  break-through of SHIVSF162P3 infection but has little impact 
on the timing of seroconversion or neutralizing antibodies; 
however, maturation of antibody avidity is delayed  

    (Curtis et al., J Acquir Immune Defic Syndrome 2011;57:355-362) 

 
 



Background (cont’d) 
• It is biologically plausible that PrEP could affect the 

appearance and concentration of biomarkers of 
acute HIV-1 infection (AHI) –  HIV-1 RNA, p24 
antigen, HIV-1 antibodies – i.e., Fiebig Stage 

• PrEP could result in the delay or attenuation or 
perhaps even skipping the detection of expected 
biomarkers of AHI 

• These potential effects of PrEP would have 
implications for the routine laboratory diagnosis of 
acute/early HIV-1 infection 



Partners PrEP study 

• Enrolled 4,747 HIV serodiscordant couples in 
Kenya and Uganda between July 2008 and 
November 2010 (Baeten et al., Lancet Infect Dis 
2014; 14:1055-64) 

• Randomized 1:1:1 to FTC/TDF:TDF:Placebo 
• Stopped early for efficacy 

– re-randomized Placebo 1:1 to FTC/TDF:TDF after 
DSMB meeting July 2013 

• N = 138 seroconversions observed 



Specific Aims 
• Hypothesis: PrEP will delay the expected 

biomarker-defined Fiebig stages of 
acute/recent/early HIV-1 infection for human clinical 
trial subjects infected with non-clade B virus 
 
– Assess whether time to progress through Fiebig stages 

was affected by PrEP 
– Assess whether virologic or antibody response was 

affected by PrEP 
– Assess an association of PrEP with a delay in detection 

of seroconversion by the site versus the central 
laboratory  



Seroconverter characteristics (N=138) 
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28APR17 34 

N=138 (113 included 
for analysis) 
 
Exclusion of 25: 
16 had no HIV- 
uninfected samples; 
9 had >100 days with 
no site HIV test 



HIV-1 RNA level for all samples during seroconversion 

28APR17 35 

As treated: log10 VL change = -0.74, p < 0.001 (5.5-fold) 

As randomized: log10 VL change = -0.64, p < 0.001 (4-fold) 

N=134 N=121 



HIV-1 antibody response was not affected by PrEP 

36 28APR17 HMC R&T_NJB Lecture 

p24 Ag+ IgM/IgG IND WB WB+/p31- WB+/p31+ 



Time between first HIV-infected sample tested positive by 
Central Laboratory and Site detection of seroconversion  

before and after 90 days (N=129) 

28APR17 37 

Detection delayed by > 90 days (OR) P-value 
As randomized 1.12 (0.95, 1.33) 0.17 
As treated 1.28 (1.11,1.46) <0.001 

HMC R&T_NJB Lecture 



Summary 

• PrEP during seroconversion  
– Slightly slower progression through Fiebig stages 
– Modest decrease in viral load 
– Some participants had delayed seroconversion  

• Antibody response not changed by PrEP 
• Regardless of PrEP, rapid tests were not highly 

sensitive for detection of acute/early infection 
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Antigen/Antibody HIV Screening Tests are 
Crucial for Pre-Exposure Prophylaxis Programs 

Delaugerre et al. JID in press 

• 488 high-risk MSM in IPERGAY Trial (949 pys) 
• 31 diagnosed with HIV infection (Architect Ag/Ab Combo)  

– 13 infected at screening or at randomization visit 
– 19 acquired infection during PREP monitoring (q1 month) 

• 16 placebo; 2 TDC/FTC; one during open phase; 

– Prior samples tested for RNA and 2 positive 
• Sensitivity of Ag/Ab combo assays: 

– EIA 4G Architect and BioPlex: 83% (95% CI: 76-99%) 
– VIKIA:   54% (34-72%) 
– AUTOTEST:  50% (31-69%) 
– ALERE:  78% (59-91%) 
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Fiebig Staging Laboratory Methods  
(after Fiebig et al., AIDS 2003; 17:1871-79)  

RNA: Abbott m2000rt  
P24: ARCHITECT or Bio-Rad HIV-1/2  
IgM/IG Ab: Multispot HIV-1/2 

WB IND 
WB -p31    

WB +p31  

Period of full seroconversion ~ 3-4 months    

HIV-1 Assays 

Genetic Systems 
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