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All the current guidelines agree that  

the primary goal of antiretroviral therapy  

is to suppress HIV RNA maximally  

(<20–75 copies/mL, depending on the assay used)  

in order to preserve immunologic function and  

increase disease-free survival 
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Science 1996 

Viral load monitoring and CD4 monitoring should be used 

together to monitor disease progression, response to 

therapy, and guide opportunistic infection prophylaxis. 

Highlight from the  XI International AIDS Conference Vancouver July 7–12, 1996.  



Plasma HIV-1 RNA (Viral Load) Monitoring 
 

Pre-treatment viral load level is also an important factor in 

the selection of an initial ARV regimen because several 

currently approved ARV drugs or regimens have been associated 

with poorer responses in patients with high baseline viral load. 

Guidelines for the Use of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents – May 2014 



Plasma HIV-1 RNA (Viral Load) Monitoring 
 

Pre-treatment viral load level is also an important factor in 

the selection of an initial ARV regimen because several 

currently approved ARV drugs or regimens have been associated 

with poorer responses in patients with high baseline viral load. 

Guidelines for the Use of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents – May 2014 

Linee Guida Italiane sull’utilizzo dei farmaci antiretrovirali e sulla gestione diagnostico-clinica delle 

persone con infezione da HIV-1 – Novembre 2013 

La viremia pre-terapia ha un ruolo importante nel 

raggiungimento della soppressione virologica. In presenza 

di valori di viremie pre-terapia particolarmente elevati, il 

raggiungimento della soppressione virologica può 

richiedere un tempo più lungo (a volte superiore alle 24 

settimane attese), e/o è meno frequente.  



The time to achieve virological undectability and the rate of success  
at 48 weeks are pre-HAART viremia dependent 

0 12 24 36 48 

Time (weeks) 

Pre-HAART 
viremia ranges 

(copies/mL) 
No. 

Median Time   
(95% CI)  

to achieve VS  
(weeks) 

Probability  
of VS  

at 48 weeks 

>500K 135 23 (21-25) 83% 

300K - 500K 102 22 (21-24) 93% 

100K - 300K 273 18 (17-20) 93% 

30K - 100K 229  15 (14-16) 98% 

<30K 235 10 (9-11) 99% 

Santoro MM. Antiv Ther 2013 

10   15   18   22   23   



Patients having pre-HAART viremia >500K copies/mL showed the 

highest probability of virological rebound (VL>50 copies/mL) by 4 

years from the achievement of virological suppression. 
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Reekie et al., AIDS 2011 



Adjusted incidence rate ratios for AIDS and non-

AIDS events by viral load strata stratified by current 

CD4 cell count. 

J Reekie et al., AIDS 2011 



CROI 2014, abstr # 558 



Adjusted hazard ratios for the effect of initiation vs. deferring ART on time from  seroconversion 

(SC) to AIDS/death by a) viremia copy years pooling CD4 stratum, b) viremia copy years with 

CD4<350 cells/mm3and c) viremia copy years with CD4≥350 cells/mm3 

Pooling CD4 strata, hazard ratios for the effect of initiating ART on time from seroconversion to AIDS/death 

decreased as VCYyear increased, with a 63% reduced risk of AIDS/death for those initiating ART when 

VCY exceeded 100,000. At CD4<350 cells/mm3, there was an overall reduction in the risk of AIDS/death in 

all VCY groups (all HR < 1) for those initiating vs. deferring ART with no evidence that this benefit varied by 

VCY (p=0.78). At CD4 ≥ 350 there was a trend for increasing benefit of initiation vs. deferral with increasing 

VCY, with the largest benefit seen in the VCY ≥ 100,000 c/mL group (HR, 95% CI= 0.56, 0.35-0.90, 

p(heterogeneity) = 0.16). Results were qualitatively similar for CD4 strata ≥ 500 cells/mm3. 

CROI 2014, abstr # 558 



CID 2011;53:927–935 



Cumulative plasma HIV 

burden, demonstrated 

prognostic value for all-

cause mortality among 

2027 HIV-infected 

patients following ART  

 
(viral load values prior to 24 

weeks of ART initiation were 

excluded) 

Mugavero et al., CID 2011;53:927–935 



CROI 2014, abstr # 291 



Higher average VL is associated with a higher risk of clinical 
AIDS/death.  

SC: seroconversion 
CROI 2014, abstr # 291 



Transient low level viremias, with plasma HIV-1 

RNA levels in the range of 50 to 400 copies/ml, have 

been reported to occur in 25 to 40% of adults in 

whom viral replication appeared to have been 

suppressed by HAART 
  

Greub, G., A. et al. Intermittent and sustained low-level HIV viral rebound in 

patients receiving potent antiretroviral therapy. AIDS 2002 

Havlir, D. V., et al. Prevalence and predictive value of intermittent viremia with 

combination HIV therapy. JAMA 2001  

Sklar, et al . Prevalence and clinical correlates of HIV viremia (‘blips’) in patients 

with previous suppression below the limits of quantification. AIDS 2002 

 

 



Residual viremia reflects the size of the viral reservoir 

(CD4-associated HIV DNA) during suppressive HAART 

Chun T et al. J Infect Dis. 2011 

Relationship between residual plasma 

viremia and cell-associated HIV DNA 
Frequencies of CD4+ T cells carrying HIV 

proviral DNA based on plasma viremia 



Background. The current goal of antiretroviral therapy (ART) is to maintain a suppressed human immunodeficiency virus 
(HIV) viral load below limits of assay detection. When viral loads remain in low-level viremia (LLV), especially between 50 
and 200 copies/mL, the best management and clinical consequences remain unknown. Our objective was to study the 
long-term impact of persistent LLV on the subsequent risk of virologic failure in a cohort of people living with HIV in 
Montreal, Canada. 
Methods. We compared the cumulative incidence of subsequent virologic failure (defined as an HIV RNA viral load of 
>1000 copies/mL) in patients receiving ART for at least 12 months by following 4 persistence categories (<50, 50–199, 
200–499, and 500–999 copies/mL) for 6, 9, or 12 months, using Kaplan-Meier analysis. The association between 
subsequent virologic failure and persistence status were estimated using a Cox proportional hazards model.  
Results. The cumulative incidence of virologic failure 1 year after having maintained a LLV for 6 months was 22.7% (95% 
confidence interval [CI], 14.9–33.6) for 50–199 copies/mL, 24.2% (95% CI, 14.5–38.6) for 200–499 copies/mL, and 58.9% 
(95% CI, 43.1–75.2) for 500–999 copies/mL, compared with 6.6% (95% CI, 5.3–8.2) for an undetectable HIV RNA viral 
load. Even after adjustment for potential confounders, a persistent LLV of 50–199 copies/ mL for 6 months doubled the 
risk of virologic failure (hazard ratio, 2.22; 95% CI, 1.60–3.09), compared with undetectable viral loads for the same 
duration. Similar results have been found for persistent LLV of 9 or 12 months.  
Conclusions. In this cohort, all categories of persistent LLV between 50 and 999 copies/mL were associated with an 
increased risk of virologic failure. The results shed new light for the management of patients with LLV, especially with 
regard to LLV of 50–199 copies/mL.  

Laprise et al, CID 2013 



The cumulative incidences of subsequent virologic failure (ie, > 1000 copies/mL) 
over 5 years, following persistence of LLV was significantly higher for all LLV strata 
compared to who maintained undetectable HIV load. 

Laprise et al, CID 2013 



PNAS 2104 



Fletcher et al., PNAS 2104 

Compared with concentrations 
in PBMCs, the IC concentration 

of TFV-DB, FTC-TP, ATV, DRV  
and EFV was lower in 

the lymphatic tissue (LT) 
compartment, particularly in 

the lymph node. 

714 determinations of ARV drug concentrations in plasma 
and 592 analyte determinations for IC drug concentrations 
in PBMCs and in mononuclear cells (MNCs) from the LN, 
ileum, and rectum were performed. 



2012 



Resistance to NRTI, NNRTI or PI/r classes in samples 

collected from January 2008 to December 2012 stratified 

for plasma viremia ranges 

Santoro MM et al., CID 2014 



Risk Factor: 

Heterosexual 

 

Clinical Case: ID 11922 Patient  

infected with HIV-1 B subtype 

Age:  

34 

  

Sex:  

F 

CDC stage: 

B2 

1ST Seropositivity:  

November 2010 
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>500000 cps/ml 

Undetectability threshold 

in out 

February 2011 – January 2014 
TDF/FTC (TRUVADA) + DRV800/r 

                                             

                                             

                                             

                                             

                                             

                                             

                                             

                                             

                                             

                                             

                                             

                                             

GRT JANUARY 2011 
VL: 18,391 cps/ml; CD4: 360 cells/µl 

PR: L63P 

RT: NONE 

Other pol mutations 

PR: K14T L19T 

RT: K49R K122E D123N I135T 

I142T T165I D177E, I202V 

A272P K277R L283I I293V 

S322A 



Risk Factor: 

MSM 

 

Clinical Case: ID 9964 Patient  

infected with HIV-1 B subtype 

Age:  

41 

  

Sex:  

M 

CDC stage: 

A 

1ST Seropositivity:  

December 2007 
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Undetectability threshold 

>500000 cps/ml 

in out 

NOV ‘09 – JAN ‘10 
TDF+FTC LPV/r 

FEB. ‘10 – APR ‘12 
TDF+FTC+EFV(ATRIPLA) 

in out 

         

in out 

MAY ‘12 – JAN‘14 
TDF+FTC(TRUVADA) DRV/r 

GRT NOVEMBER 2009 

PR: L63P 

RT: NONE 

Other pol mutations 

PR: K14R I15V E35D K70E 

RT: K49R D123E I135T 

E169D Q207E R211K F214L  

A324AV I329V 

GRT SEPTEMBER 2010 

PR: L63P 

RT: NONE 

Other pol mutations 

PR: K14R I15V E35D K70E 

RT: K49R D123E I135T 

E169D Q207E R211K F214L  

I293IV I329V 

         

GRT DECEMBER 2011 

PR: L63P 

RT: NONE 

Other pol mutations 

PR: K14R I15V E35D K70E 

RT: E29AEG K49R G51W 

D123E I135T Q145HQ 

E169D Q207E R211K F214L  

I329L 

in out 

GRT SEPTEMBER 2010 

PR: L63P 

RT: NONE 

Other pol mutations 

PR: K14R I15V E35D K70E 

RT: K49R D123E I135T 

E169D Q207E R211K F214L  

I293IV I329V 

in out 

GRT NOVEMBER 2009 

PR: L63P 

RT: NONE 

Other pol mutations 

PR: K14R I15V E35D K70E 

RT: K49R D123E I135T 

E169D Q207E R211K F214L  

A324AV I329V 



                                             

                                             

                                             

                                             

                                             

                                    

                                             

                                             

                                             

                                             

                                             

                                             

  

Clinical Case ID 7036 : Patient 

infected with HIV-1 B subtype 
Age: 52 Sex: M 

Risk Factor: 

Heterosexual 

1st seropositivity: 

October 2007 
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Undectability threshold 

>500000 copies/ml 
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 Nov’07- Mar’08 

TDF/FTC LPV/r T20   

 Apr’08- Sep’10 

TDF/FTC LPV/r   

 Oct’10- May’14 

TDF/FTC ATV/r 

in out in out 

         

GRT  from plasma 09/11/2007 

VL: >500000 cps/ml; CD4: 11 cells/µl  

PR: L63A V77I  

RT: L100I K103N T215D 

IN: No resistance mutations 

GP-41: No resistance mutations 

Other pol mutations 

PR: I13V G16E N37C/S I62V 

RT: V35I/L V60I V90I A98S D121H 

K122E T139K V179I Q197E I202I/V 

I293V P294Q E297R I329V 

IN: I72V A91D L1010I G106A K111G 

S119R T124N V176L V201I K211K/R 

Y227Y/F N254R S255G C280S 

V281M 

GP-41: T18T/A L44M L54M E137E/K 

Other pol mutations 

PR: I13V G16E N37C/S I62V 

RT: V35I V60I V90I A98S D121H 

K122E T139K V179I Q197E I202I/V 

I293V P294Q E297R I329V 

IN: I72V A91D L1010I G106A K111G 

S119R T124N V176L V201I K211K/R 

Y227Y/F N254R S255G C280S 

V281M 

GP-41: Not amplified 

GRT  from CSF  09/11/2007 
VL: 192 cps/ml 

PR: L63A V77I   

RT: L100I K103N T215D 

IN: No resistance mutations 

GP-41: Not amplified 



On December 2011 

 

Viremia: 624,734 copies/ml 

CD4 cell count: 19 cells/µl 

Risk Factor  

Heterosex 

 

Clinical Case: ID 13268 Patient  

 infected with HIV-1 CRF01_AE 

Age  

43 

  

Sex  

F  

CDC stage 

C3 

I Seropositivity 

December 2011 
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>500000 cps/ml 

Undetectability threshold 

in out 

DECEMBER 2011 – APRIL 2012 
TDF+FTC+EFV  

GRT April 2012 

PR: K20R, M36I, 

L63P, L89I, I93L  

RT: K103N, Y188H/Y 

in out 

Other pol mutations 

PR: T12I/T, I13V, E35D, 

N37D, R41K, K43R, 

H69K 

RT: E6D, V35T, T39K, 

K43E, F61F/L, D121H, 

K122E, I142V, S162A, 

K173I, Q174K, D177E, 

Q207A, R211S, V245E, 

A272P, V276I, T286A, 

E291D, V292I, I293V, 

E312T, I326V, Q334R, 

G335D 

GRT December 2011 

PR: K20R, M36I, 

L63P, L89I, I93L 

RT: NONE 

Other pol mutations 

PR: I13V, Q18H/Q, E35D, 

N37D, R41K, K43R, 

H69K 

RT: E6D, V35T, T39K, 

K43E, D121D/H, I142V, 

S162A, K173I, Q174K, 

D177E, G196EG, I202IV, 

Q207A, R211S, V245E, 

A272P, V276IV, T286A, 

E291D, V292I, I293V, 

E312T, I326V 



Risk Factor 

MSM 

 

Clinical Case: ID 6784 Patient  

infected with HIV-1 B subtype 

Age  

33 

  

Sex  

M 

CDC stage 

B2 

I Seropositivity 

January 2001 
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Undetectability threshold 

>500000 cps/ml 

GRT AUGUST 2010 

PR: L10I, L63T, I93L 

RT: V118I, G333E 

in out 

Other pol mutations 

PR: I15V, R57K, E65D 

RT: V35L, P55A, V60I, K64KR, 

D121H, K122E, S134C, I135T, 

T139R, D177E, T200AT, R211K, 

F214L, V245E, D250E, A272P, 

K281R, I293V, E297R, L301I, 

Q334K 

 SEPT ’10 -  JAN ‘12 
TDF+FTC, DRV (800)/r 

GRT JANUARY 2012 

PR: L10I, M36IM, L63T, I93L 

RT: V118I, G333E 

in out 

Other pol mutations 

PR: T12PT, I15V, R57K, E65D 

RT: V35L, P55A, V60IV, K64R, 

D121H, K122E, S134C, I135T, 

T139R, D177E, I195IL, R211K, 

F214L, V245E, D250E, A272P, 

K281R, I293V, E297R, L301I, 

Q334K 

 FEB ‘12 -  APR ‘12 
TDF+FTC, DRV(600X2)/r 



Conclusions (I) 
 

The construction of antiretroviral therapy must be 

designed taking into account the long-term strategy, 

and not the mere control of short term viral replication. 

Viremia remains today a key marker of efficacy of 

antiviral therapy 

 
 

High viral load (including cumulative one) at baseline 

is consistently associated with higher risk of virological 

failure and clinical outcome ……. nevertheless…. 
 

……persistent low viremia is also associated with an 

increased risk of virological failure, of development of 

resistance, and of progression of the disease, 

compared to patients with stable undetectable viral 

load 



- 

 
 

 

Genetic barrier still represents a key factor to be 

considered in a therapeutic strategy aimed at 

controlling the virus for long period of time, by 

maintaining viremia stably below the level of detection 

Conclusions (II) 

Resistance tests need to be used in clinical practice 

(also at low level viremia!) soon when virological failure 

is defined 


