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VIRAL LOAD IS 

EVERYTHING
(KINDA…)



WHY DOES HIV DEVELOP 

(SO MUCH) RESISTANCE?



Just how much mutation is going on here?

Given in vivo replication kinetics with more than 109 new cells infected every 

day, each and every mutation occurs between 104 and 105 times per day in 
an [untreated] HIV-infected individual.

John M. Coffin.  
HIV Population Dynamics in Vivo: Implications for Genetic Variation, Pathogenesis, and Therapy

Science. 1995 Jan;267(5197):483-9

Therefore, most drug resistance mutations are probably present before the 

start of therapy.  However, naturally occurring mutations to multiple drugs are 

not thought to be present in previously untreated individuals with wild-type 

virus.  This provides the basis for combination ART.



Why so much resistance?

Source: Mayo Clinic

1. Error-prone reverse 

transcriptase enzyme.

2. Genetic recombination.

3. Rapid proliferation.

4. Archived mutations.



WHAT IS TREATMENT 

FAILURE?
Definitions



Treatment failure

WHO definitions



Treatment failure



Treatment failure



How good are the clinical and 

immunological criteria?

• Not as good as viral load:





How good are the clinical and 

immunological criteria? 



VIRAL LOAD IS 

EVERYTHING…
An HIV viral load test is the single best way to 

tell how your patient is likely to do.



REASONS FOR A HIGH 

VIRAL LOAD



Reasons for high viral load

Poor adherencePoor adherence

• Transmitted or acquired

ResistanceResistance

• Wrong dose, poor absorption, drug interactions, 
stock-outs, etc.

Pharmacokinetic issuesPharmacokinetic issues



Reasons for Virological Failure

• Resistance – transmitted or acquired

• Poverty

• Difficulty with clinic attendance during work hours

• Psychiatric diseases

• Substance abuse

Patient factorsPatient factors

• Adverse effects

• Food requirements

• High pill burden and/or dosing frequency

• Suboptimal pharmacokinetics

• Prescription errors, stock-outs

ART regimen factorsART regimen factors

Modified from DHHS ART Guidelines (2015)



Poor adherence - what can be done?

• Monitor adherence

• Self-reporting

• Pharmacy refill checks

• Notice if visits missed

• Simplify regimens

• Once-daily regimens

• Fixed-dose combinations

• Specialised counselling

• Peer support groups may be 
considered

• Reminder devices

• Pill boxes

• Cellphone alarm reminders

• Food supplementation 
packages



Transmitted resistance in SA



Transmitted resistance in SA

• Analysis of specimens collected as part of the 2012 

National Antenatal HIV/HSV-2 Prevalence Survey.
• Primigravid women < 21 years

• Anyone with detectable ARVs (AZT, EFV, FTC, LPV, NVP, TDF) were 

excluded.



Transmitted resistance in SA



Transmitted resistance in SA



HOW HIGH IS TOO HIGH?
Viral load



Virological failure: what level?

• The goal of ART is to suppress viral replication.  ANY 

detectable viral load therefore potentially represents viral 

failure.

Viral blips are transient and low-level increases in the viral load in a 

patient who had previously demonstrated viral suppression.

• Typically between 50-200 copies/mL. Never more than 1000.

• Can represent laboratory error, intermittent poor adherence, or 

transient bursts of HIV replication

• Not usually associated with subsequent virological failure.



Virological failure: what level?

Organisation Virological failure threshold

US Department of Health and Human Services 200 copies/mL

European AIDS Clinical Society Any detectable viral load

World Health Organization 1000 copies/mL

Southern African HIV Clinicians Society 1000 copies/mL

South African Department of Health 1000 copies/mL

Note: all guidelines emphasize that a viral load should be repeated after 2-3 

months before virological failure is definitively diagnosed.



So who’s right?

• The choice of a viral load of > 1000 to signify “failure” is 

partly arbitrary:

• Pragmatic choice, especially for the 3rd world, based on the ability 
to do viral resistance testing at this level.

• Changing regimens at lower thresholds usually requires an expert!



Persistent low-level viraemia

• Low-level viraemia

(51-1000 copies/mL) 

that is persistent is 

associated with 

virological failure. 

Hazard ratio: 3.8



Persistent low-level viraemia



Immune non-responders

• Immune non-responders are patients whose CD4 counts fail to 
rise appropriately on therapy, despite a suppressed viral load –
“immunological discordance”.

• Such patients don’t benefit from a change in ART regimen.
• Prognosis somewhere between those whose CD4 counts do rise 

appropriately, and those with an equivalent CD4 count but an 
unsuppressed viral load.

• Consider other causes for a decreased CD4 count:
• Drugs (e.g. steroids)

• Infections (e.g. TB)

• Malignancies (e.g. lymphomas)



DIAGNOSING 

VIROLOGICAL FAILURE
and interpreting HIV resistance tests



When should you check a viral load?

SA Dept. Health SA HIV Clin. Soc. DHHS (USA)

At initiation ✗ ✓ ✓

Before 6 months ✗ 3 months

At 2-8 weeks, 

then every 4-8 

weeks until 

suppressed

6 months ✓ ✓ ✓

12 months ✓ ✓ ✓

Thereafter Every 12 months Every 6-12 months Every 3-6 months

Why check viral loads before 6 months?
• Enables early detection of virological failure (usually due to poor adherence), 

before resistance develops, or worsens.

• At 3 months, most patients will be virally suppressed, but a small group of people 

who started with a very high viral load may still have detectable viraemia… 

although they’ll still show at least a 2 log10 drop from their initiation viral loads.



What should you do if you find

a high viral load?

• < 400: no specific action

• 400-1000: adherence counselling & repeat VL 6 monthly

• > 1000: adherence counselling, repeat VL 2-3 months

• If repeat < 1000, repeat VL in 6 months

• If repeat > 1000, switch therapy

SA National Department of HealthSA National Department of Health

• > 50: adherence counselling & repeat VL in 2-3 months

• > 1000 on 2 occasions 2-3 months apart: switch therapy

• > 200 for more than 1 year: switch therapy

SA HIV Clinicians SocietySA HIV Clinicians Society



When should you do an HIV resistance 

test?

• Failing a 2nd line PI-based regimen 
for at least 1 year

SA National Department of 
Health
SA National Department of 
Health

• If the patient has confirmed virological 
failure (on any regimen, even 1st line)
• PI-based regimens: only if on regimen for > 1 year.

SA HIV Clinicians SocietySA HIV Clinicians Society



Why would you do resistance testing after 

1st line failure?

1. Avoids switching regimens purely due to adherence 

problems (if no significant mutations are found)

2. Identifies which 1st line drugs may be reused (esp. TDF –

K65R mutation often not present at time of switch).

3. Guarantees a working 2nd line regimen (e.g. if AZT 

contraindicated, but patient failing FTC/TDF/EFV).

4. Gives fuller picture of which mutations will be archived 

than if resistance testing only done after 2nd line failure 

(some “1st line” mutations may not be identified at this 

point).



Problems with HIV resistance testing

• Often unsuccessful if viral load < 1000 copies/mL.

• BUT: the inability to get a successful resistance test does not mean 
you can’t switch therapy if required.  Just need expert advice.

• Only picks up mutations present in >10-20% of the 
circulating HIV population.

• Archived mutations that confer a loss of viral fitness often won’t 
show up (minority drug-resistant variants)

• Practically, this means that you often only detect the mutations to 
the drugs the patient is currently on (even if mutations to previous 
regimens are archived).
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On treatment
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Development of TDF resistance
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Switch to AZT
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Development of AZT resistance
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If TDF reintroduced…
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How to interpret HIV resistance tests

• Report format varies according to lab.

• If unsure, enter the mutations into the Stanford University 

HIV drug resistance database program:

• http://hivdb.stanford.edu (navigate to HIVdb Program)



How to interpret HIV resistance tests

• Report generated will usually mark each potential 

antiretroviral medication as:

• Susceptible, or low-, intermediate- or high-level resistance



Interpretation can be hard…!

• Certain drugs can be used despite resistance 

• e.g. 3TC with M184V mutation

• Certain drugs may have hidden “archived” mutations to 

them – likelihood varies according to ART history and 

particular mutation.

• Certain drug combinations can’t be used, even if all are 

susceptible

• e.g. TDF + ddI (paradoxical drop in CD4 with good viral control)



CLINICAL CASE 

EXAMPLES



Case 1

• This is a 38-year-old female patient who was initially 

started on a fixed-dose combination of FDC, TDF and 

EFV in September 2013. 

• In March 2014, she was found to have virological failure 

at her local clinic, and was changed to 3TC, D4T, and 

lopinavir/r (Aluvia). No putative reason for the failure was 

documented. 

• 6 months later, her viral load was 315 000 and her CD4 

was 8, and she was referred to a tertiary hospital for 

assessment. She says she is 100% compliant on her 

new regimen, although she does now admit to poor 

compliance on her initial first-line regimen. 



Case 1

• Her genotype, done while on the latter regimen (3TC, d4T, 

EFV), was as follows:



Case 1

• Her genotype, done while on the latter regimen (3TC, d4T, 

EFV), was as follows:



What is the cause of the virological failure 

in this patient?

Poor adherencePoor adherence

• Transmitted or acquired

ResistanceResistance

• Wrong dose, poor absorption, drug interactions, 
stock-outs, etc.

Pharmacokinetic issuesPharmacokinetic issues



Should resistance testing even have been 

done?

• Failure of a new ARV regimen due to resistance within 6/7 
months is always unusual…
• … although how unlikely this is depends somewhat on the specific 

regimen obviously. 

• A boosted PI-based regimen is a particularly robust 
combination, since the boosted PIs have a high genetic 
barrier to resistance. Thus, failing after this short an 
interval strongly suggests non-adherence as the cause, 
rather than resistance. 



What regimen should this patient be on?

• Current regimen = 3TC, d4T, EFV



Case 2

• This 36-year-old male patient was diagnosed with HIV in 2009, 
and started on 3TC, D4T and EFV in December of that 
year. His baseline CD4 was 6. No baseline viral load was 
done at the time, in accordance with the national 
guidelines. He had no significant other medical history, and 
claimed he didn't drink, smoke or abuse illicit substances. 

• In October 2010 his viral load was found to be 19 000 
copies/mL, whereas it had consistently been < 300 up to this 
point. (His CD4 was 171 by this stage.) The patient told his 
doctor that he had moved to doing night shifts, and EFV was 
causing dizziness and an inability to concentrate properly in his 
job. As a consequence his adherence had dropped off 
significantly. His EFV was switched to nevirapine (NVP) by his 
doctor; D4T and 3TC were continued.



Case 2

• Unfortunately his viral load continued to climb, fluctuating between 
levels of about 100 000 to 200 000 copies/mL. He also developed 
both lipoatrophy and a peripheral neuropathy. Numerous adherence 
problems were documented, and the patient was constantly referred 
for in depth adherence counselling, although this had little effect on 
the viral load. 

• Eventually, in Jan 2012, the patient was changed to 3TC, TDF and 
Aluvia (LPV/r). His viral load had declined to 1800 copies/mL two 
months after this new regimen's initiation. However, subsequent viral 
loads hovered around the 3000-8000 mark. After more extensive 
counselling, the patient admitted to a a significant alcohol abuse 
problem, with consequently poor adherence. Clinic notes from 2012 
and 2013 consistently recommend further counselling, but the viral 
load remained unsuppressed. Eventually in November 2013, HIV 
resistance testing was done. At the time, his viral load was 4597 
copies/mL and his CD4 count was 125.



Case 2



Case 2



What is the cause of the virological failure 

in this patient?

Poor adherencePoor adherence

• Transmitted or acquired

ResistanceResistance

• Wrong dose, poor absorption, drug interactions, 
stock-outs, etc.

Pharmacokinetic issuesPharmacokinetic issues



What was the mistake when EFV was 

changed to NVP?

• NEVER change a single drug in a failing regimen.  Always 

need to change regimen completely in this instance.

• 3TC/FTC can remain in a new regimen in the case of an M184V/I 
mutation.

• 0.5 log reduction in viral load and hypersusceptibilty to AZT, TDF and d4T.

• If a drug needs to be substituted due to side-effects AND 

the patient is virally suppressed, then a single drug 

substitution is allowed.

• … provided this new combination is likely to work too!



What regimen should this patient be on?

• Current regimen = 3TC, TDF, Aluvia



Case 3

• 36-year-old female patient who was initiated on 3TC, d4T and 
EFV in August 2007. Her baseline CD4 was 21 and baseline 
viral load was 190 000 copies/mL.

• After one elevated viral load in April 2008 (50 000 copies/mL), 
she was changed to AZT, ddI and Aluvia (lop/r). The viral load 
done 2 months later was only 81 copies/mL. However, in the 
coming months, the patient developed lipoatrophy and 
diarrhoea, the latter thought to be due to Aluvia. 

• Subsequent viral load monitoring showed gradual worsening of 
her HIV control: 246 copies/mL in April 2009, and eventually up 
to 250 000 copies/mL in February 2010. Her creatinine was 
normal, and her haemoglobin was 9,1 g/dL. Hepatitis B 
surface antigen was positive. Resistance testing done at this 
stage showed:



Case 3



What is the cause of the virological failure 

in this patient?

Poor adherencePoor adherence

• Transmitted or acquired

ResistanceResistance

• Wrong dose, poor absorption, drug interactions, 
stock-outs, etc.

Pharmacokinetic issuesPharmacokinetic issues



What regimen should the patient be on?



Treating hepatitis B co-infection

• For practical purposes the only available therapy is to use 

ARVs that also have anti-hepatitis B activity (TDF + 

3TC/FDC).  
• Drugs directed against hepatitis B that have no/minimal anti-HIV activity 

(e.g. entecavir, telbivudine, pegylated interferon-alpha) are largely 

unavailable in our region and/or extremely expensive.  

• If a patient has chronic hepatitis B infection, the 3TC/FTC 

+ TDF combination should be used, regardless of which 

ARVs are also needed for the HIV infection.
• 3TC monotherapy: 80-90% resistance to Hep B within 5 years.



Case 4

• 41-year-old male was initiated on ART at a local clinic in 

2009 on 3TC, d4T and EFV. Unknown baseline CD4.

• He was diagnosed with virological failure in 2011 (poor 

adherence was thought to be the cause), and switched -

back in the day! - to ddI, AZT and LPV/r (Kaletra).

• Unfortunately the patient went into liver failure shortly 

thereafter. Possible causes were thought to be:

• A flare up of chronic hepatitis B (with the withdrawal of 3TC; Hep B 
hadn't been previously checked for by the local clinic)

• Drug-induced (ART-related, specifically due to Kaletra).



Case 4

• As a result of the above, the patient's ART regimen was 
changed to 3TC, AZT and atazanavir (ATV). Ritonavir 
wasn't given along with the atazanavir (i.e. ATV wasn't 
"boosted") due to concerns about liver toxicity. His viral 
load at the switch was approximately 800 copies/mL.

• In 2012, the patient developed pulmonary 
TB. Unfortunately, the ART wasn't changed at all 
initially. His viral load climbed to 100 000, and halfway 
through his TB treatment he developed a severe, life-
threatening anaemia. He was admitted to hospital where 
his doctors changed the atazanavir to Aluvia (LPV/r) and 
his AZT to TDF. Thus his regimen was 3TC, TDF and 
Aluvia at this point. HIV resistance testing was done just 
prior to switching to the new regimen.





What is the cause of the virological failure 

in this patient?

Poor adherencePoor adherence

• Transmitted or acquired

ResistanceResistance

• Wrong dose, poor absorption, drug interactions, 
stock-outs, etc.

Pharmacokinetic issuesPharmacokinetic issues



TB co-infection

Drug Change in concentration Dose with RIF

NRTIs No significant interactions Normal dose

EFV Mild reduction Normal dose

NVP Moderate reduction Omit lead-in dose phase 

(start at 200 mg 12-hourly)

ETV/RPV Marked reduction Don’t use with RIF

LPV/r Significant reduction Double LPV/r dose (risk of 

hepatotoxicity)

Other PIs Marked reduction Don’t use with RIF

RAL Reduction, but significance

unclear

? Double dose (800 mg 12-

hourly)

? Standard dose (400 mg 

12-hourly)



What regimen should the patient be on?



Resources

• Adult HIV Treatment Failure Discussion Group

• https://groups.google.com/forum/#!forum/adult-hiv-treatment-failure

• Southern African HIV Clinicians Society: Adult 
antiretroviral therapy guidelines 2014

• http://sahivsoc.org/practise-guidelines/sa-hiv-clinicians-society-
guidelines

• Stanford University HIV drug resistance database 
program

• http://hivdb.stanford.edu


