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Introduction
Since the mid-1980s, blood centres worldwide have 

screened donors for antibodies to human immunodeficiency 
virus (anti-HIV) and, more recently, many have also 
implemented screening for HIV by nucleic acid tests 
(NAT)1,2. Reactivity on anti-HIV screening immunoassays 
is typically confirmed by immunoblot testing which 
can, however, generate indeterminate results. In low-
risk voluntary blood donors, such indeterminate results 
usually represent non-specific reactivity3-6. However, 
this result profile can sometimes occur in HIV-infected 
individuals undergoing antiretroviral therapy7, and HIV 
elite controllers who appear to be able to control HIV 
replication without antiretroviral therapy8,9. In this report 
we present a case study which highlights the potential 
complexity and need for caution when interpreting HIV 
reactivity in blood donors.

Case report
During the donor follow-up period (March, 

2012 to August, 2013), the Australian Red Cross 
Blood Service (Blood Service)  screened al l 
donations for anti-HIV-1/2 using the Prism HIV O Plus 
chemiluminescent immunoassay (Abbott Diagnostics, 
Delkenheim, Germany) and donations that tested 
repeatedly reactive were further tested on the Genscreen 
Ultra HIV Ag-Ab enzyme immunoassay (EIA) (Bio-Rad, 
Redmond, WA, USA). Donations that tested reactive 
on both immunoassays were referred to the Victorian 
Infectious Diseases Reference Laboratory (VIDRL) 
for anti-HIV western blot testing (MP Diagnostics HIV 
Blot 2.2, Genelabs, Singapore) as well as additional 
HIV serological testing and NAT. In Australia, anti-
HIV western blot positivity is defined as reactivity 
to at least one glycoprotein band and at least three 
non-envelope protein bands, western blot negativity is 
defined as no reactivity to any HIV-specific proteins, 
while indeterminate status is defined as reactivity to one 
or more HIV-specific protein bands without meeting the 
criteria for positivity10. For third-generation anti-HIV 
immunoassays, the window period from infectiousness 
to antibody detection has been estimated to be 22 (range, 
6 to 38) days11. The Genscreen Ultra HIV Ag-Ab EIA 
detects HIV p24 antigen and the window period for HIV 

p24 antigen detection has been estimated to be 15.0 
(range, 13.3-16.7) days12.

In addition to anti-HIV screening, all donations were 
screened for HIV-1 RNA, hepatitis C virus (HCV) RNA 
and hepatitis B virus (HBV) DNA using the Procleix 
Ultrio HIV-1/HCV/HBV multiplex assay (Ultrio) on the 
Procleix Tigris automated platform (Gen-Probe/Novartis 
Diagnostics, San Diego/Emeryville, CA, USA). Samples 
reactive on the Ultrio assay were "discriminated" to 
identify the specific virus using Procleix HIV-1, HCV 
and HBV discriminatory assays. HIV-1 RNA testing was 
also performed at the VIDRL using either the Abbott 
Real Time HIV-1 reverse transcriptase polymerase 
chain reaction assay (Abbott Diagnostics, Delkenheim, 
Germany) or Roche Ampliprep/Taqman HIV-1 test version 
2.0 (Roche Diagnostics, Indianapolis, IN, USA). The HIV-
1 RNA 95% limits of detection for the Ultrio and HIV-1 
discriminatory assays are given by the manufacturer as 
28.79 (95% fiducial limits, 25.85-32.68) IU/mL and 32.15 
(95% fiducial limits, 28.74-36.70) IU/mL, respectively13. 
Blood Service modelling based on the method of Busch 
et al.12 estimated that the infectious window period for the 
Ultrio assay is 5.6 (range, 5.0 to 6.8) days. The Procleix 
Ultrio assay is a qualitative in vitro NAT for use on the 
Procleix Tigris System to screen for HIV-1 RNA, HCV 
RNA and HBV DNA. The Ultrio HIV Discriminatory 
(dHIV) assay is specific for the detection of HIV-1 RNA. 
The Ultrio assay detects HIV-1 groups M (subgroups 
A-H), N and O13. The Roche assay is a dual target assay 
(Gag and LTR) detecting HIV groups M (subgroups A-H) 
and O with detection limits of 20 copies/mL to 10,000,000 
copies/mL14. The Abbott assay is a single target assay 
(Integrase), detecting HIV groups M (subgroups A-H), 
N and O with detection limits of 150 copies/mL to 
10,000,000 copies/mL for the 0.2 mL protocol15. The 
proviral DNA assay used at the VIDRL is a single target 
(LTR) in-house real-time assay performed on the ABI 
7500 and samples are tested in duplicate along with an 
internal control.

The donor was male, 34 years of age at the index 
donation (17 March 2012) and a first-time donor. Follow-up 
testing was performed by the Blood Service and the VIDRL 
on samples taken on 12 April, 10 May, 12 June and 21 
June 2012. In addition, samples were taken on 16 August 
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and 29 November 2012, and 12 March and 9 August 2013 
for testing at the VIDRL. The donor was interviewed by a 
medical officer/counsellor and no specific risk factors for 
HIV infection were identified. The donor declared that he 
was not undergoing antiretroviral treatment.

Results for the index donation and four follow-up 
samples are summarised in Table I. All were strongly 
reactive on the Prism HIV O plus and Genscreen assays 
at the Blood Service, and on the Murex HIV EIA at the 
VIDRL. All samples were indeterminate according to 
western blotting. The index donation was non-reactive on 
the Ultrio assay and not tested on the dHIV assay, while 
the first follow-up sample was non-reactive on both the 
Ultrio and dHIV assays. However, the second follow-up 
sample, although non-reactive on the Ultrio assay, was 
reactive on the dHIV assay. The follow-up sample taken 
on 21 June 2012 was tested in 20 replicates on the dHIV 
assay and two of 20 were reactive. In contrast, six and 
nine replicates of the follow-up samples taken on 12 and 
21 June 2012, respectively, and tested at the VIDRL on 
the Roche Taqman assay were all non-reactive.

The next three follow-up samples (16/08/12, 
29/11/12 and 12/03/13) were tested by the VIDRL. All 
three remained reactive on the Murex and Genscreen 
Ultra EIAs were western blot indeterminate and HIV-1 
RNA was not detected by either the Roche Ampliprep/
Taqman or Abbott Real Time HIV-1 reverse transcriptase 
polymerase chain reaction assays. In addition HIV-1 
proviral DNA was not detected in the buffy coat from 
samples collected on 12/06/12, 21/06/12 and 12/03/13. A 
final sample was taken on 9 August 2013 and remained 

indeterminate by western blotting with HIV RNA not 
detected.

Discussion
A sequential anti-HIV immunoassay screening 

strategy is applied at the Blood Service whereby donor 
samples that test reactive on the primary anti-HIV 
immunoassay, and non-reactive by NAT, are only 
referred for western blot testing if reactive on the 
secondary anti-HIV immunoassay16. As a consequence, 
only a relatively small number of donors are tested by 
anti-HIV western blot and they are typically negative or 
indeterminate. Upon follow-up, they do not progress to 
become western blot-positive and remain non-reactive 
by HIV NAT. Between July 2010 and December 2014, 
approximately 5.9 million donations were tested by 
the Blood Service, of which seven gave anti-HIV 
indeterminate results by western blot and all were 
non-reactive on Ultrio or Ultrio Plus assays. However, 
the profile of this donor's results was unusual for two 
reasons. Firstly, the Prism HIV O Plus assay sample-to-
cutoff (s/co) ratios for samples from this donor varied 
between 60.9 and 83.3 and, in our donor population, s/co 
ratios this high had not previously been observed without 
concomitant HIV NAT reactivity. In a previous study of 
our donor population it was found that 97.4% of donors 
with non-specific reactivity on the Prism assay had s/co 
ratios <10.0 and none had s/c ratios >60.017. In contrast, 
the Prism assay s/co ratios for this donor were within the 
range (40.0 to 200.0) observed for most HIV-positive 
donors (western blot-positive/HIV-1 RNA-positive). 

Table I  - Summary of the HIV serology and NAT results for the index donation and four subsequent follow-up samples 
from the case study donor. Results are included for testing at both the Australian Red Cross Blood Service (Blood 
Service) and the Victorian Infectious Diseases Reference Laboratory (VIDRL). 

Date Blood Service results Victorian Infectious Diseases Reference Laboratory (VIDRL) results

Serology NAT Murex 1.2 
O HIV EIA

Western blot5 Abbott 
Real Time

Roche6

Prism HIV O Plus 
s/co ratios1

Genscreen HIV 
Ultra s/co ratios2

Ultrio3 dHIV4

17/03/12 
(index 
donation)

60.9 
69.0, 67.2 7.5, 7.5 NR NT REA p24++, gp160++ ND NT

12/04/12 77.5 
65.8, 65.5 11.7, 11.7 NR NR REA p24++, 

gp 120+, gp160++ NT ND

10/05/12 65.5 
66.4, 66.7 13.0, 13.1 NT REA REA p24++, 

gp 120+, gp160++ ND NT

12/06/12 61.1 
70.3, 65.3 13.2, 13.2 NR NR REA p24++, 

gp 120+, gp160++ NT ND7

21/06/12 70.3 
83.3, 71.1 13.1, 12.2 NR REA8 NT NT NT ND9

1s/co ratio: sample to cutoff ratio; s/co ratio ≥1.0 = REA; s/co ratios for initial test and duplicate repeat tests; 2s/co ratio: sample to cutoff ratio; s/co ratio 
≥1.0 = REA; samples tested in duplicate; 3Ultrio: Procleix Ultrio multiplex assay; 4dHIV: Procleix HIV-1 discriminatory assay; 5MP Diagnostics HIV Blot 
2.2; 6Roche Ampliprep/Taqman HIV-1 Test version 2.0; 7six of six replicates were non-reactive; 8two of 20 replicates were reactive; 9nine of nine replicates 
were non-reactive.
NAT: nucleic acid testing; HIV: human immunodeficiency virus; NR: non-reactive; NT: not tested; REA: reactive; ND: not detected.
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Interpreting HIV reactivity in blood donors

Secondly, two samples from this donor tested reactive 
on the dHIV assay, one sample was reactive when tested 
once while a second sample tested reactive in two of 20 
replicates. This combination of high s/co ratios on the 
Prism assay with intermittent NAT reactivity suggested 
the possibility that this donor may be a "very elite" HIV 
controller, a recently reported phenomenon characterised 
by even lower HIV RNA levels than those found in 
typical HIV elite controllers9. 

However, over the 17-month follow-up period, while 
all samples remained strongly reactive on the anti-HIV 
immunoassays, there was no progression to a western blot-
positive result. HIV RNA was not detected in any of the 
donor's samples tested at VIDRL on the Abbot Real Time 
or Roche Taqman assays, despite replicate testing on the 
Roche assay on two occasions. In addition, three samples 
were tested for proviral DNA and all three were negative. 
After the 17-month follow-up period, which included both 
laboratory testing and clinical assessment, the donor's 
results were assessed as not consistent with HIV infection. 
Given this assessment, the discordant results for the Ultrio 
Plus and dHIV assays could be due to contamination 
or represent false positive results but we were unable to 
distinguish between these two explanations.

It should be noted that this particular case did not 
represent a risk to blood safety. In Australia, donations that 
test repeatedly reactive on a serology screening assay for 
anti-HIV, anti-HCV or HBsAg are discarded regardless of 
confirmatory serology testing and NAT results. 

In summary, the HIV test results for this donor 
are unusual for our donor population and highlight 
the potential complexity of interpreting atypical HIV 
serological and NAT results in blood donors. Given that 
our donors are typically at low risk of HIV infection, 
this case study also highlights the need for appropriate 
follow-up testing when a donor's HIV status cannot be 
definitively determined on the index donation, and the 
need for caution when counselling such donors regarding 
their HIV status. 

Acknowledgements
Australian governments fund the Australian Red 

Cross Blood Service to provide blood, blood products 
and services to the Australian community.

Authorship contributions 
PK was primarily responsible for the initial draft. All 

Authors contributed to draft development and critical 
analysis, as well as collation and interpretation of results.

 
Keywords: HIV antibodies, blood donors, HIV 
seropositivity, western blotting. 

The Authors declare no conflict of interest.

References
1) Schmidt M, Seifried E. Improving blood donor screening by 

nucleic acid technology (NAT). ISBT Science Series 2010; 
5: 219-29.

2) Roth WK, Busch MP, Schuller A, et al. International survey 
on NAT testing of blood donations: expanding implementation 
and yield from 1999 to 2009. Vox Sang 2012; 102: 82-90.

3) Constatine NT, Saville RD, Dax EM. Retroviral testing 
and quality assurance: essentials for laboratory diagnosis. 
Halifax: MedMira Laboratories; 2005.

4) Seed CR. Screening and confirmatory testing strategies for the 
major transfusion-transmissible viral infections. ISBT Science 
Series 2014; 9: 6-13.

5) Jackson JB, Hanson MR, Johnson GM, et al. Long-term 
follow-up of blood donors with indeterminate human 
immunodeficiency virus type 1 results on western blot. 
Transfusion 1995; 35: 98-102.

6) Busch MP, Kleinman SH, Williams AE, et al. Frequency 
of human immunodeficiency virus (HIV) infection among 
contemporary anti-HIV-1 and anti-HIV-1/2 supplemental 
test-indeterminate blood donors. The Retrovirus Epidemiology 
Donor Study. Transfusion 1996; 36: 37-44.

7) Stramer SL. Impact of NAT on serological screening of 
transfusion-transmitted agents. ISBT Science Series 1996; 
1: 194-202.

8) Deeks SG, Walker BD. Human immunodeficiency virus 
controllers: mechanisms of durable virus control in the absence 
of antiretroviral therapy. Immunity 2007; 27: 406-16.

9) Mendoza D, Johnson SA, Peterson BA, et al. Comprehensive 
analysis of unique cases with extraordinary control over HIV 
replication. Blood 2012; 119: 4645-55.

10) NRL. Guidelines for interpreting HIV Western blot profiles, 
November 2013. Available at: http://www.nrl.gov.au/
CA25782200833499/All/922A3B9D4259E1DCCA257895
0022253C/$file/WBGuidelines.pdf. Accessed on 12/12/2014. 

11) Busch MP, Lee LL, Satten GA, et al. Time course of detection of 
viral and serologic markers preceding human immunodeficiency 
virus type 1 seroconversion: implications for screening of blood 
and tissue donors. Transfusion 1995; 35: 91-7.

12) Busch MP, Glynn SA, Stramer SL, et al. A new strategy for 
estimating risks of transfusion-transmitted viral infections 
based on rates of detection of recently infected donors. 
Transfusion 2005; 45: 254-64.

13) Procleix Ultrio Assay kit insert. 501555EN-REG Rev. 1.
14) Roche Molecular Diagnostics.COBAS® AmpliPrep/

COBAS® TaqMan® HIV-1 Test, v2.0: Intended use. 
Available at http://molecular.roche.com/assays/Pages/
COBASAmpliPrepCOBASTaqManHIV-1Testv20.aspx. 
Accessed on 12/12/2014.

15) Abbott Molecular. RealTime HIV-1: Package insert, 51-
602146/R6. Available at: https://www.abbottmolecular.com/
us/products/infectious-diseases/realtime-pcr/hiv-1-assay.html. 
Accessed on 12/12/2014.

16) Seed CR, Margaritis AR, Bolton WV, et al. Improved 
efficiency of national HIV, HCV, and HTLV antibody testing 
algorithms based on sequential screening immunoassays. 
Transfusion 2003; 43: 226-34.

17) Kiely P, Walker K, Parker S, Cheng A. Analysis of sample-
to-cutoff ratios on chemiluminescent immunoassays used 
for blood donor screening highlights the need for serologic 
confirmatory testing. Transfusion 2010; 50: 1344-51.

Arrived: 9 February 2015 - Revision accepted: 7 May 2015
Correspondence: Philip Kiely
Australian Red Cross Blood Service
PO Box 354 
South Melbourne, Victoria, 3205, Australia
e-mail: pkiely@redcrossblood.org.au

All rights reserved - For personal use only 
No other uses without permission




