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CAP TODAY and the Association for Molecular Pathology have teamed up to bring molecular case
reports to CAP TODAY readers. Here, this month, is the fourth such case. (See the February,
August, and September 2013 issues for the first three.) AMP members write the reports using clinical
cases from their own practices that show molecular testing’s important role in diagnosis, prognosis,
treatment, and more. Case report No. 4 comes from the Department of Pathology and Laboratory
Medicine, Hospital of the University of Pennsylvania. If you would like to submit a case report, please
send email to the AMP at amp@amp.org. For more information about the AMP, visit www.amp.org.
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HIV-1 viral load determinations are important to help
direct proper therapy, and in special cases, to detect or
conf irm HIV-1 inf ection. We report a case of  a patient
with repeatedly posit ive HIV-1 serologic testing, yet consistently undetectable levels of  HIV-1
virus, even though the patient was not receiving antiretroviral therapy. These results created
clinical conf usion f or several years until resolved by the use of  a more sensit ive HIV-1 RNA assay.
The case highlights the importance of  molecular assays in HIV-1 diagnosis and prognostication,
as well as several caveats of  molecular testing in HIV-1.

Introduction

The Centers f or Disease Control and Prevention estimates that approximately 1.1 million people
in the United States are living with HIV-1.1 Traditional screening f or HIV-1 has been perf ormed by
enzyme immunoassay, with repeatedly posit ive samples retested using a more specif ic test,
usually Western blot, which can detect IgG class antibodies to HIV-1 proteins, as soon as six
weeks af ter init ial inf ection. (See ref erences 2 and 3 f or an in-depth explanation of  these assays
and newer screening algorithms.) Af ter the init ial inf ection, HIV-1 RNA levels rapidly increase to a
peak level (as high as 107 copies/mL) that corresponds with seroconversion; theref ore, in a case
of  a new inf ection with posit ive serological testing, one would expect a high viral load (Fig. 1).
Af ter acute inf ection, patients develop either 1) a steady state of  a high HIV-1 RNA viral load,
which is associated with rapid disease progression, or 2) a U-shaped curve of  HIV-1 RNA viral
load, with init ial suppression of  HIV-1 RNA viral load f or a variable length of  t ime associated with
clinical latency, f ollowed by an increasing viral load that corresponds with decreasing CD4 cell
count and clinical decline.4
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Fig. 1 Sche mat ic of  HIV- 1 viral load ve rsus HIV- 1 assay posit ivit y
Fo r mo st p atie nts, HIV-1 viral lo ad  rise s afte r infe ctio n, with a p e ak o f as hig h as 107 co p ie s/mL at
ap p ro ximate ly s ix we e ks p o st-infe ctio n (b lue  l ine ), which o fte n co rre sp o nd s to  se ro co nve rs io n.

Ab o ut 50 to  70 p e rce nt o f HIV-1 infe cte d  p e o p le  are  symp to matic  d uring  this  p e rio d  (o rang e  b o x
d e no ting  acute  d ise ase ). During  the  firs t thre e  to  fo ur we e ks o f infe ctio n, the  p atie nt has a ris ing

viral lo ad  tite r b ut no  id e ntifiab le  antib o d ie s b y e nzyme  immuno assay te sting . This is  the
se ro lo g ic wind o w p e rio d . As d e mo nstrate d  b y the  arro ws at the  b o tto m o f the  g rap h, te sting  b y
vario us assays b e co me s initial ly p o sitive  at vario us time s d uring  infe ctio n. Mo le cular assays fo r
HIV-1 DNA o r RNA (NAT, nucle ic  ac id  te sting ) may b e co me  p o sitive  as so o n as o ne  we e k afte r

initial infe ctio n, allo wing  te sting  d uring  the  se ro lo g ical wind o w p e rio d . p 24 antig e n te sting  may b e
p o sitive  in ap p ro ximate ly two  to  thre e  we e ks, while  third - and  fo urth-g e ne ratio n antig e n/ELISA

antib o d y te sting  can b e co me  p o sitive  in thre e  to  fo ur we e ks. We ste rn b lo t te sting  is  no t p o sitive
unti l five  o r s ix we e ks afte r infe ctio n. A rare  sub se t o f p atie nts (le ss than o ne  p e rce nt), calle d  e lite

co ntro lle rs, wil l  d e ve lo p  antib o d ie s to  HIV-1 b ut have  e xtre me ly lo w-le ve l o r und e te ctab le  viral
lo ad s (

The clinical laboratory was consulted about a 47-year-old male who was being evaluated f or a
liver transplant. As part of  the workup, serological evidence of  HIV-1 inf ection was discovered;
HIV-1 antibodies were detected by an enzyme immunoassay and conf irmed by HIV-1 Western blot
testing. Although the patient did not have clinical signs and symptoms of  AIDS, or a def init ive
history of  HIV exposure, additional testing was pursued. The patient’s CD4 count was within
normal limits. An HIV-1 viral load test was perf ormed and reported

Over the f ollowing two years, the patient underwent additional HIV-1 serological testing, all of
which conf irmed the presence of  HIV-1 antibodies. However, several qualitative and quantitative
molecular assays remained negative f or HIV-1 RNA and DNA. Given the apparent inconsistency in
the clinical data, additional viral load testing was perf ormed using a highly sensit ive RT-PCR
platf orm f or HIV-1 RNA, with a limit of  detection of  20 copies/mL. This test revealed a viral load of
37 copies/mL. Based on the patient’s posit ive serological testing, extremely low viral load, and
normal CD4 count, he was diagnosed as an elite HIV-1 controller, without the need f or ART. He is
currently listed f or liver transplantation.

Discussion

Molecular testing has several applications in the management of  HIV-1 inf ection, including
therapeutic monitoring, diagnosing acute HIV-1 inf ection, and identif ying elite controllers.

According to
current U.S.
(but not
World Health
Organization)
treatment

recommendations, ART should be of f ered to all adults with a typical HIV inf ection, regardless of



CD4 count.5 Af ter init iation of  ART, HIV-1 RNA levels should be monitored at least once every
three months until the viral load is undetectable by standard assays (that is, 50 copies/mL)
require evaluation f or mechanisms of  treatment f ailure, such as developed drug resistance.5

Although great improvements have been made over the past decade in detecting early HIV
inf ection, including the introduction of  third-generation antibody assays that detect both IgG and
IgM HIV-1 antibodies and f ourth-generation antigen/antibody combination assays, there remains
a window period in which patients are inf ected with HIV-1 but not posit ive by serological assays
(up to three to f our weeks af ter inf ection) or Western blot (up to f ive to six weeks) (Fig. 1). So in
addition to viral load monitoring, molecular assays have an important role in diagnosing acute
HIV-1 inf ection. For adults, many diagnostic algorithms f or HIV include HIV-1 RNA molecular
testing as an adjunct when serological testing is unclear, or when there is high clinical suspicion
f or acute HIV-1 inf ection during the window period (Fig. 2). Viremia may be detected as soon as a
week af ter inf ection, so HIV-1 RNA viral load testing can be usef ul, though not always essential,
in detecting very early acute HIV-1 inf ection (Fig. 1), when some or all serologic tests are negative.

Although similar testing algorithms are usef ul f or children age 18 months and older, testing in
inf ants represents a dif f erent clinical situation because 1) maternal HIV-1 antibodies may persist
f or several months and 2) maternal antiretroviral therapy may lead to an undetectable viral load
(HIV-1 RNA) in an inf ected inf ant. Currently, because of  these f actors, HIV-1 nucleic acid testing
is the recommended approach f or babies born to seropositive mothers, with the caveat that
although viral RNA-based assays can have equal (or greater) sensit ivity when compared with the
DNA-based assays (i.e. detection of  integrated HIV-1 proviral DNA in inf ected cells), HIV-1 RNA
PCR assays can be af f ected by maternal ART or inf ant antiretroviral prophylaxis.6

In adult testing, high viral loads are expected at seroconversion, and lower but detectable viral
loads in chronic inf ection; however, viral loads may very rarely not be detected at all and can lead
to clinical conf usion. Some patients are repeatedly posit ive by HIV-1 serological testing but have
non-quantif iable or extremely low-level (<50 copies/mL) viremia, have normal CD4 cell counts, and
are clinically asymptomatic, without receiving therapy. These patients are considered elite
controllers/elite suppressors and have HIV-1 control that is similar to that of  those taking ART.
This rare phenotype is seen in less than one percent of  untreated HIV-1 patients, with unclear
etiology. Elite controllers are dif f erent f rom long-term nonprogressors, a larger subset of
patients who are able to maintain normal CD4 counts f or long periods, but who still have
detectable, albeit lower level, viremia, compared with normal patients. Elite controller status
appears to be determined by the genetic f actors in the patient, leading to robust cell-mediated
immunity.7

In the



Fig. 2 Ge ne ralize d diagnost ic t e st ing algorit hm f or HIV- 1
A se ro lo g ical scre e ning  te st (usually a third - o r fo urth-g e ne ratio n e nzyme  immuno assay) is

p e rfo rme d  firs t. Po sitive  scre e ning  te sts are  co nfirme d  b y We ste rn b lo t o r o the r co nfirmato ry
se ro lo g ic assay. In case s o f uncle ar se ro lo g ical te sting , whe re  the  co nfirmato ry te st is  e ithe r

ne g ative  o r ind e te rminate , o r in case s o f hig h c linical susp ic io n o f acute  HIV-1 whe n the
scre e ning  te st is  ne g ative , mo le cular te sting  fo r HIV-1 RNA viral lo ad  can b e  p e rfo rme d . If no  HIV-

1 RNA is d e te cte d , infe ctio n is  unlike ly (altho ug h if the re  is  hig h c linical susp ic io n o f acute
d ise ase , re p e at te sting  may b e  ap p ro p riate ). If HIV-1 RNA is d e te cte d  at a hig h le ve l, HIV-1 can b e

d iag no se d . Ind e te rminate  HIV-1 viral lo ad  re sults  o r inco nsiste nt re sults  (i.e . a lo w o r
und e te ctab le  viral lo ad  with re p e at p o sitive  se ro lo g ie s) may re q uire  co nsultatio n with an HIV

sp e cialis t and  the  c linical lab o rato ry.

In the
presented
case, it may
appear that
the f inal viral
load result of
37 copies/mL
is
inconsistent
with the
previously
reported
“undetected”
HIV-1 RNA by
other assays.
Examination
of  the
analytical
sensit ivit ies
of  the
previous
assays,
however,
revealed that
they all had a
minimal limit
of  detection
of  75 copies/mL or higher. Molecular assays can dif f er in their methodologies, molecular target(s),
range of  quantif ication and, perhaps most importantly in this case, limits of  detection. Given
these dif f erences, the manner in which results are reported can be a source of  conf usion. For
results at or below the analytical sensit ivity of  an assay, some techniques are able to distinguish
1) no viral nucleic acid detected f rom 2) viral nucleic acid is detected but cannot be measured
precisely. In this situation, a result of

Another important caveat to consider is that HIV-1 has a high rate of  mutation; as such, HIV-1
primer site mutation causing f ailure of  PCR amplif ication can be another cause of  lack of
identif iable HIV-1 viral load in a new patient with posit ive serologic testing. For example, mutations
at a single posit ion of  a downstream primer, f ound in two percent of  all HIV-1 M gag sequences,
can cause underestimation of  HIV-1 RNA levels by more than 100-f old using a real- t ime PCR
assay.9 In some populations, assay f ailure rates as high as f our percent have been reported due
to variation in the pol and gag genes,10 and there are multiple reports of  viral load discrepancies
when using dif f erent platf orms.11,12 Some methods, including the highly sensit ive technique used
in the presented case, address this concern by interrogating multiple gene targets, although
measuring plasma HIV-1 RNA by an alternative assay is recommended in clinical practice when low
or undetectable viral loads are observed in seropositive patients, especially those with low CD4
counts.

Other potential causes of  negative HIV-1 viral load assays in HIV-1 antibody posit ive persons
include HIV-2 inf ection, ef f ective ART, HIV-1 type O inf ections, and f alsely posit ive antibody tests.
HIV-1 Western blots can sometimes be f alsely posit ive in HIV-2 inf ection, and older generation
HIV-1 RNA assays may not detect HIV-1 type O inf ections. Use of  a conf irmatory antibody assay
that detects and distinguishes both HIV-1 and HIV-2 can be usef ul in such circumstances, as can
use of  newer-generation HIV-1 RNA assays. HIV-1 antibody tests that are conf irmed by a second
antibody assay are only exceptionally f alsely posit ive, mandating ref erral to an expert when HIV-1



viral load tests are negative in such circumstances.

Conclusion

In summary, molecular methods are a powerf ul technique to detect early HIV-1 inf ection, provide
patient prognostication, and help direct therapy. However, results must be considered in light of
the clinical presentation and concurrent serologic testing. Lack of  a detectable viral load in a
patient posit ive by serological screening may indicate a f alse-posit ive test, an HIV-1 primer site
mutation causing f ailure of  PCR amplif ication, HIV-2 inf ection, use of  an insensitive viral load
assay, or an elite controller. Consultation with HIV experts and laboratory personnel may help
clarif y cases of  indeterminate or inconsistent testing.

The authors would like to acknowledge and thank Emily Blumberg, MD, f or sharing the clinical
case details.
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Here are three questions taken from the case report. Answers are online now at
www.amp.org/casereviews and will be published in CAP TODAY next month.

1. Some individuals with HIV inf ection by repeated serologic testing have extremely low (<50
copies/mL) or unquantif iable HIV RNA-1 viral loads. Reasons f or this discrepancy may
include all of  the f ollowing except:

a) The patient may be an “elite controller,” having a rare (less than one percent) phenotype
that has the same viral control as patients taking ART.

b) The patient has a new HIV-1 inf ection and a low viral load is expected at t ime of
seroconversion.

c) The patient has a HIV-1 primer site mutation. Testing by an alternative assay may lead to
a detectable viral load.

d) The patient may have an HIV-2 inf ection.

2. A newly diagnosed HIV-1 patient is ref erred to the clinical laboratory f or HIV-1 viral load
testing as part of  his therapeutic monitoring. What viral load corresponds to suppression
of  viremia and successf ul ART therapy?

a) 50–200 copies/mL

b) <500 copies/mL

c) <50 copies/mL

d) <1,000 copies/mL

3. Nucleic acid testing f or HIV-1 is usef ul in which of  the f ollowing clinical situations?

a) Monitoring response to ART

b) Diagnosing a patient in the serological window period

c) Identif ying an elite controller

d) All of  the above
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