
RESEARCH Open Access

Towards targeted screening for acute HIV
infections in British Columbia
Malcolm Steinberg1,2, Darrel A Cook1, Mark Gilbert1,3*, Mel Krajden1,3, Devon Haag1, Peggy Tsang1, Elsie Wong1,
James I Brooks4,5, Harriet Merks4 and Michael L Rekart1,3

Abstract

Background: Our objective was to describe the characteristics of acute and established HIV infections diagnosed
in the Canadian province of British Columbia. Province-wide HIV testing and surveillance data were analyzed to
inform recommendations for targeted use of screening algorithms to detect acute HIV infections.

Methods: Acute HIV infection was defined as a confirmed reactive HIV p24 antigen test (or HIV nucleic acid test), a
non-reactive or reactive HIV EIA screening test and a non-reactive or indeterminate Western Blot. Characteristics of
unique individuals were identified from the British Columbia HIV/AIDS Surveillance System. Primary drug resistance
and HIV subtypes were identified by analyzing HIV pol sequences from residual sera from newly infected
individuals.

Results: From February 2006 to October 2008, 61 individuals met the acute HIV infection case definition,
representing 6.2% of the 987 newly diagnosed HIV infections during the analysis period. Acute HIV infection cases
were more likely to be men who have sex with men (crude OR 1.71; 95% CI 1.01-2.89], to have had a documented
previous negative HIV test result (crude OR 2.89; 95% CI 1.52-5.51), and to have reported a reason for testing due
to suspected seroconversion symptoms (crude OR 5.16; 95% CI 2.88-9.23). HIV subtypes and rates of transmitted
drug resistance across all classes of drugs were similar in persons with both acute and established HIV infections.

Conclusions: Targeted screening to detect acute HIV infection is a logical public health response to the HIV
epidemic. Our findings suggest that acute HIV infection screening strategies, in our setting, are helpful for early
diagnosis in men who have sex with men, in persons with seroconversion symptoms and in previously negative
repeat testers.

Background
Acute HIV infection (AHI) has received increasing
attention because of its substantial contribution to
ongoing HIV transmission [1-6], which has prompted
initiatives to identify AHI in order to inform persons of
their HIV-positive status during this highly infectious
phase. This has been shown to lead to individual beha-
viour change, which may limit further spread of infec-
tion [7]; knowledge of HIV status has been shown to
have a marked effect on reducing high-risk sexual beha-
viour [8].
Current second- and third-generation HIV screening

tests have limited ability to detect AHI cases during the

seroconversion period. This is also true in settings that
utilize rapid or point-of-care HIV antibody testing [9].
Fourth-generation HIV screening tests, which detect
both anti-HIV and p24 antigen, have reduced the sero-
conversion window period [10], and studies have also
demonstrated the utility of combining third-generation
screening immunoassays with pooled HIV nucleic acid
testing (NAT) to shorten the window period between
exposure and detection of HIV infection [11]. The
North Carolina, US, state programme, which uses
pooled NAT for universal screening [12], has not been
widely extended to other populations with low HIV pre-
valence because of high costs. However, there is an
emerging consensus supporting the use of AHI screen-
ing in settings with high HIV incidence [13,14]. A cut-
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antibody negative samples has been suggested as a guide
to select populations to use this approach [15].
The use of pooled NAT has detected between 3.9%

and 10.5% additional HIV infections when compared
with second- or third-generation antibody screening
tests in sexually transmitted infection clinics and sites
patronized by men who have sex with men (MSM)
[11,16]. However, robust population data to inform cri-
teria for targeted AHI screening using pooled NAT are
lacking. In the Canadian province of British Columbia
(BC), the majority of HIV tests are conducted in a single
laboratory, which enables analysis of provincial data to
inform targeted AHI screening. The BC Public Health
Microbiology and Reference Laboratory uses third-gen-
eration antibody screening, with additional testing for
p24 antigen to resolve indeterminate HIV serology, thus
enabling a comprehensive review of a series of probable
AHIs identified during routine screening.
We compared characteristics of AHIs with all other

newly diagnosed HIV infections over a 32-month period
to identify criteria to inform enhanced screening strate-
gies for AHI. We also compared HIV subtype distribu-
tion and transmitted drug resistance (TDR) patterns
between AHI and established HIV-infected individuals
over the same time period.

Methods
Approximately 95% of HIV antibody screening in BC
occurs at the Provincial Public Health Microbiology and
Reference Laboratory at the BC Centre for Disease Con-
trol (BCCDC). Reactive HIV screening tests performed
at other BC laboratories and point-of-care sites are
referred to the BCCDC, where all HIV confirmatory
testing is performed. The current testing algorithm con-
sists of a third-generation enzyme immunoassay (EIA)
test (Siemens ADVIA™ Centaur HIV-1/O/2) with con-
firmation of EIA reactive specimens by HIV-1 Western
Blot (WB) (BioRad Genetic Systems™ HIV-1 Western
Blot). EIA reactive specimens, with a non-reactive or
indeterminate WB, undergo reflex testing for HIV-1 p24
antigen (Biomérieux Vironostika™ HIV-1 Antigen) to
help resolve the HIV serological status. p24 antigen
reactive specimens are confirmed by a neutralization
procedure or by follow-up HIV-1 NAT testing (Roche
AMPLICOR™HIV-1 DNA Test, v.1.5).
Province-wide HIV testing and surveillance data from

February 2006 to October 2008 were analyzed to inform
recommendations for targeted use of AHI screening
algorithms for a Canadian Institutes of Health Research-
funded study of acute HIV infection. Ethical approval
was obtained from the University of British Columbia
Clinical Research Ethics Board (UBC-CREB).
The case definition for presumptive AHI included a

reactive p24 antigen (confirmed by neutralization or by

follow-up HIV-1 NAT) together with a non-reactive or
reactive EIA, followed by a non-reactive or indetermi-
nate WB. Presumptive AHI cases needed to meet the
public health surveillance case definition for HIV infec-
tion, which requires confirmation by follow-up serologic
testing or viral load and/or CD4 counts compatible with
HIV infection. As the serologic pattern of presumptive
AHI cases may be similar to individuals with late-stage
HIV infection (i.e., p24 antigen reactive, indeterminate
WB), presumptive AHI cases with a reported diagnosis
of AIDS within one year were treated as established
infections. All other HIV infections diagnosed during
the study period were considered to have established
HIV infection. All newly diagnosed HIV cases were
included in the analysis, i.e., there were no age-based
exclusions. Routine demographic information on AHI
and established cases was retrieved from the BC HIV/
AIDS Surveillance System, which captures past HIV
testing history, risk exposure, reason for testing, and
geographic location of the test provider. Risk exposure
data are not collected from individuals at the time of
HIV testing.
Primary drug resistance and HIV subtype determina-

tion is routinely performed by the National HIV and
Retrovirology Laboratories in Ottawa using residual sera
from newly diagnosed HIV infections, as part of the
UBC-CREB-approved Canadian HIV Strain and Drug
Resistance Surveillance Program. Transmitted drug
resistance (TDR) mutations within the protease gene
and the first 236 codons of reverse transcriptase, along
with subtype, were determined using the Stanford
HIVdb Calibrated Population Resistance Tool v.5 beta
[http://cpr.stanford.edu/cpr/servlet/CPR], accessed prior
to 17 February 2010 [17]. Sequences lacking TDR muta-
tions were classified as wild type.
Demographics, exposure category, HIV testing history,

HIV subtype and TDR rates for individuals with AHI
and established HIV infection were compared by bivari-
ate analysis in SPSS (v.14.0.2). Independent sample t-
tests and Pearson’s Chi-square and Fisher’s Exact Test
were calculated as appropriate. Univariate and multivari-
able logistic regression analyses were used to identify
factors associated with AHI. Variables (gender, MSM,
history of prior negative test and presence of AHI symp-
toms) were chosen in the multivariable model based on
statistical significance and clinical relevance. Odds ratios
(ORs) and 95% confidence intervals (CIs) were obtained
from the logistic regression model, and reported as a
measure of association.

Results
A total of 987 new HIV infections were identified during
the 32-month period. Of these, 61 (6.2%) met the case
definition for AHI. Three additional cases met the
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laboratory diagnostic criteria for presumptive AHI, but
were not counted as new HIV infections as no confir-
matory testing was done, as required by the surveillance
case definition. Two other presumptive AHI cases were
counted as established infections because they had AIDS
case reports within 12 months of diagnosis. Of the 61
confirmed AHI cases, four had a non-reactive third-gen-
eration EIA and were tested for HIV-1 p24 antigen on
request from the healthcare provider because of symp-
toms suggestive of a seroconversion illness. All the
remaining specimens were third-generation EIA reactive,
but the WB on the same specimen was either non-reac-
tive or indeterminate.
Table 1 shows the demographic characteristics, HIV

subtype and TDR results for the 61 AHI and 926 estab-
lished HIV cases. While we did not find a statistically
significant difference with respect to sex, the univariate
analysis demonstrated that AHI cases had a greater
odds of being MSM (crude OR 1.71; 95% CI 1.01-2.89),
to have had a documented previous negative HIV test
result (crude OR 2.89; 95% CI 1.52-5.51), and to have
reported a reason for testing due to seroconversion
symptoms (crude OR 5.16; 95% CI 2.88-9.23). When
these variables, together with sex (male or female), were
included in a logistic regression model, MSM was no

longer significantly associated with AHI (Table 2). Rea-
son for testing due to seroconversion symptoms
(adjusted OR 4.35; 95% CI 2.39, 7.91) and a documented
previous negative HIV test (adjusted OR 2.59; 95% CI
1.35, 4.99) remained significantly associated with AHI.
HIV genotypes and drug resistance mutations were

obtained for all new infections for which there was suffi-
cient residual sample volume and from which HIV RNA
could be amplified, i.e., 49 of 61 AHIs and 686 of 926
established infections (Table 1). There was no statistically
significant difference in the proportions of HIV subtypes
between AHIs and established cases. HIV-1 subtype B has
accounted for more than 90% of all new HIV infections in
BC since the Canadian HIV Strain and Drug Resistance
Surveillance Program began in 1998 [18]. Rates of TDR
were similar across all classes of drugs for both AHIs and
established infections. Multi-drug resistance (MDR),
defined as resistance to more than one class of drug, was
identified in one case of AHI versus two established cases,
resulting in MDR rates of 2% and 0.3%, respectively; how-
ever, this was not statistically significant.

Discussion
AHI detection in this analysis was based on the fact
that, during early seroconversion, antibody levels (as

Table 1 Comparison of acute and established HIV infections in British Columbia (N = 987)

Characteristic Acute cases
N = 61

Established cases
N = 926

P value Unadjusted OR

Mean age (Range) 38.6 (20-75 yr) 39.1 (0-81 yr) 0.75 -

Sex Male 52/61 (85.2%) 735/922 (79.7%) 0.295 1.47 [0.71, 3.04]

Ethnicity Caucasian 43/60 (71.7%) 540/853 (63.3%) 0.193 1.47 [0.82,2.61]

Aboriginal 9/60 (15.0%) 130/853 (15.2%) 0.960 0.98 [0.47, 2.04]

Other 8/60 (13.3%) 183/853 (21.5%) 0.135 0.56 [0.26, 1.21]

MSM 36/61 (59.0%) 424/926 (45.8%) 0.045 1.71 [1.01, 2.89]

IDU 15/61 (24.6%) 266/926 (28.7%) 0.488 0.81 [0.44, 1.47]

Heterosexual 12/61 (19.7%) 195/926 (21.1%) 0.797 0.92 [0.48, 1.76]

Reason for testing due to seroconversion symptoms 20/61 (32.8%) 80/926 (8.6%) 0.000 5.16 [2.88, 9.23]

Documented previous negative HIV test 49/61 (80.3%) 542/926 (58.5%) 0.001 2.89 [1.52, 5.51]

HIV subtype A1 0/49 (0.0%) 6/686 (0.9%) - -

B 47/49 (95.9%) 633/686 (92.3%) 0.574 1.97 [0.51, 7.52]

C 0/49 (0.0%) 22/686 (3.2%) - -

CRF 01_AE 2/49 (4.1%) 11/686 (1.6%) 0.201 2.61 [0.63, 10.87]

Other 0/49 (0.0%) 10/686 (1.5%) - -

Drug Resistance Class Wild type 45/49 (91.8%) 611/684 (89.3%) 0.809 1.34 [0.49, 3.69]

NRTI 2/49 (4.1%) 25/684 (3.7%) 0.878 1.12 [0.29, 4.42]

NNRTI 2/49 (4.1%) 28/684 (4.1%) 0.997 1.01 [0.26, 3.91]

PI 1/49 (2.0%) 18/684 (2.6%) 0.802 0.77 [0.13, 4.65]

MDRa 1/49 (2.0%) 2/684 (0.3%) 0.064 7.10 [0.92, 55.44]

a. These are included in the totals for each class.

Abbreviations: IDU - injection drug user; MDR - multi-drug resistant; MSM - men who have sex with men; NNRTI - non-nucleoside reverse transcriptase inhibitor;
NRTI - nucleoside reverse transcriptase inhibitor; PI - protease inhibitor
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reflected by instrument signals) are low and these speci-
mens are typically WB non-reactive or indeterminate
and p24 antigen reactive. Using this approach, we were
able to confirm AHI in 6.2% of all newly identified HIV
cases during the analysis period. There were 57 AHI
cases that had a reactive EIA and a non-reactive or
indeterminate WB result. In addition, there were four
AHI cases identified by p24 antigen testing following a
non-reactive screening EIA. These pre-seroconversion
cases are identified when providers specifically request
p24 antigen testing to help rule out HIV seroconversion
syndrome. Systematic pre-seroconversion screening
using p24 antigen or pooled NAT testing would likely
identify additional such cases.
Given the overall low prevalence of HIV infection

among those tested in BC (approximately 0.2%) and the
fact that pooled NAT screening of HIV seronegative
samples is not performed, the 6.2% yield of AHI is quite
high compared with the 3.95% yield from the North
Carolina population-based screening programme, which
used pooled NAT to test first-generation EIA negative
specimens [12].
Two reports have suggested AHI detection thresholds

that would support the use of population-based pooled
NAT screening. The 0.2% HIV prevalence rate among
those tested for HIV in BC is below the 0.55% threshold
suggested by Simpson et al for the cost-effective use of
this strategy [19]. Furthermore, our yield of approxi-
mately one AHI per 10,000 specimens screened is less
than the one AHI case per 1000 antibody negative sam-
ples screened by pooled NAT that has also been sug-
gested as a guideline for implementation of universal
pooled NAT screening [15]. Although we did not per-
form pooled NAT testing on EIA negative specimens,
we consider it most unlikely that this approach would
have detected 10-fold more AHI cases. While cost-effec-
tiveness studies based on US data may not be directly
applicable to HIV screening in Canada, we conclude
that a targeted rather than universal pooled NAT
screening strategy would be more appropriate for BC
[14].
Comparative demographic analysis of the AHI and

established HIV cases suggest criteria for targeted AHI
screening. First, AHI cases were more likely to occur
among repeat testers with a documented previous nega-
tive HIV test. Repeat testing may occur more frequently

in at-risk individuals who may test soon after risk. This
finding could be an underestimate as individuals who
previously tested elsewhere, as well as those repeat tes-
ters who use inconsistent identifiers, will not have been
identified. This suggests that future testing campaigns
should encourage repeat testers, especially those at high
risk, to sustain regular testing practices and to test fol-
lowing known and/or perceived risk.
Second, a high proportion of AHI cases had a reason

for testing due to seroconversion symptoms. This infor-
mation is sought from healthcare providers or from
cases directly during follow up of new positive HIV
tests. It is unlikely that all the providers asked for or
were informed by their patients about seroconversion
symptoms, but these symptoms may be ascertained
more frequently by experienced HIV providers working
with at-risk populations. Furthermore, at-risk individuals
may be more knowledgeable about symptoms of AHI
and seek out testing. Thus, this important predictor of
AHI is likely under-represented in the AHI cases identi-
fied in our analysis. This association of seroconversion
symptoms and AHI supports recommendations to edu-
cate providers to request specific testing for AHI [20],
in addition to routine HIV screening, as soon as symp-
toms are identified. Educational reinforcement is also
required for providers in settings where AHI is fre-
quently observed, as even these providers may fail to
consider the diagnosis of AHI [9]. The use of p24 anti-
gen tests to detect AHI among outpatients with fever
and other viral symptoms, regardless of HIV risk factors,
has been shown to be cost effective [21] and providers
working with at-risk populations should adopt a very
high index of suspicion with respect to seroconversion
symptoms, which are usually non-specific.
Third, while AHI cases were not shown to be signifi-

cantly more frequent among MSM in the multivariate
analysis, 65% of the AHI cases with seroconversion
symptoms were MSM. Given that MSM represented
47% of all new HIV infections during the analysis per-
iod, we recommend that priority be given to educating
MSM and their providers about the importance of sero-
conversion symptoms as an indicator of AHI. Other stu-
dies, including targeted screening in sexually transmitted
infection clinics [11], a multi-site study in six US cities
[22] and a US Centers for Disease Control study in
three public health settings [14], have also documented

Table 2 Univariate and multivariable logistic regression analysis for factors associated with acute HIV infection

Characteristic Unadjusted OR (95% CI) Adjusted OR (95% CI)

Male sex 1.47 (0.71, 3.04) 1.01 (0.43, 2.37)

MSM 1.71 (1.01, 2.89) 1.41 (0.76, 2.63)

Reason for testing due to seroconversion symptoms 5.16 (2.88, 9.23) 4.35 (2.39, 7.91)

Documented previous negative HIV test 2.89 (1.52, 5.51) 2.59 (1.35, 4.99)
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high proportions of MSM among AHI cases. These and
our own findings support recommendations for targeted
AHI screening among MSM [14,15], in particular those
MSM with seroconversion symptoms.
Since HIV subtyping and TDR testing are routinely

performed on new HIV cases, we assessed whether
there were differences in HIV subtype distribution and
TDR rates between AHI and established cases. If TDR
rates are relatively constant over time, we would expect
the rates in individuals with AHI to be the same as for
established cases [23-25]. TDR rates among our AHI
cases are consistent with those reported for acute and
recent infections from the United States and Europe
[26-31]. In contrast, TDR rates among acute and recent
infections in Thailand and Singapore (0% and 1.7%,
respectively) are lower than those we observed [32,33].
Among individuals in BC undergoing antiretroviral ther-
apy, the incidence of drug resistance has steadily
declined since 1996 [34]. No statistically significant dif-
ferences in subtype or TDR rates, including MDR, were
observed. However, given the small AHI sample size,
our analysis may have been underpowered.
Our data analysis reflects a convenience sample of

individuals who chose to undergo HIV testing or were
referred for testing by their healthcare provider, and p24
testing of EIA negative individuals only occurred when
specifically requested. This limits the generalizability of
our findings in determining the value of AHI screening
as a health policy. Other limitations include the limited
capacity of the provincial surveillance database to
describe features of individuals with a new positive HIV
test. Geographic areas where AHI cases are concen-
trated has been shown by others to be useful to identify
sites for targeted AHI screening [13], but we did not
analyze this variable since the surveillance database cap-
tures only the location of the healthcare provider who
ordered the test.
In addition, we were not able to link co-sexually trans-

mitted infection (STI) status and/or history of previous
STIs to AHI cases. Previous studies have shown high
yields of AHI with targeted screening in STI clinics and
we expect that our AHI cases would also be more likely
to have a history of STIs and/or a current STI at the
time of HIV diagnosis. Shepard et al emphasize that the
majority of AHI cases detected in their STI clinic study
were found at one STI clinic, of which approximately
one-third of patients identified as MSM [35]. This sup-
ports our consideration to prioritize STI clinic sites that
reach out to MSM and other high-risk populations for
targeted AHI screening.
We cannot rule out the possibility that some of our

AHI cases represent late-stage disease, at which time
p24 antigen may be detectable and waning antibodies
may result in an indeterminate WB. Two presumptive

AHI cases were classified as established infections
because AIDS was reported within 12 months of HIV
diagnosis. However, delays in and incomplete AIDS case
reporting may have resulted in an overestimation of the
number of AHI cases as a result of misclassification of
late-stage disease.

Conclusions
There have been calls for more rigorous cost-effective-
ness studies to inform AHI screening strategies [11,14].
We believe that our study provides insights for a tar-
geted screening strategy to enhance detection of AHI in
BC. Our results confirm that we should continue to
investigate EIA reactive, and WB indeterminate or non-
reactive, results and possibly switch from p24 antigen
testing to the more sensitive NAT to detect AHI.
Further, we should target testing sites reaching out to
MSM and consider testing with an optimally designed
pooled NAT protocol [36]. Our findings support our
collaboration with community-based initiatives in BC to
promote awareness of AHI and offer enhanced AHI
screening to MSM [37]. This includes developing risk
profile protocols for referring persons with non-reactive
point-of-care HIV test results to undergo pooled NAT
testing.
Our results also encourage us to increase and sustain

educational initiatives for healthcare providers request-
ing HIV tests. The key messages are to promote a high
index of suspicion about seroconversion illness symp-
toms, especially in high-risk patients, and to act on this
through requests for AHI screening, and to inquire
about previous HIV testing to inform similar requests
for AHI screening.
Every HIV infection identified beyond the AHI stage is

a missed opportunity to promote risk reduction when
transmission dynamics are favourable for onward trans-
mission. Targeted screening initiatives to enhance detec-
tion of AHI are a logical public health response to the
HIV epidemic. Prevention programmes for persons with
newly diagnosed HIV infection need to be ready to
respond to individuals with AHI once identified [11].

Acknowledgements
This study was supported by the Canadian Institutes of Health Research,
Grant No. HET 85520. The authors thank Amanda Yu for extracting the
laboratory data and Akm Moniruzzaman for data analysis.
A portion of the data presented in this article was presented previously at
the 2009 Canadian Association for HIV Research Meeting, Vancouver, BC, and
published as abstract O035 in the Canadian Journal of Infectious Diseases and
Medical Microbiology, Volume 19, Supplement SA, March/April 2009. Abstract
available at [http://www.cahr-acrv.ca/english/resources/abstracts_2009/abs.
php?abs=O035]

Author details
1British Columbia Centre for Disease Control, Vancouver, BC, Canada. 2Faculty
of Health Sciences, Simon Fraser University, Burnaby, BC, Canada. 3Faculty of
Medicine, University of British Columbia, Vancouver, BC, Canada. 4Public

Steinberg et al. Journal of the International AIDS Society 2011, 14:39
http://www.jiasociety.org/content/14/1/39

Page 5 of 7

http://www.cahr-acrv.ca/english/resources/abstracts_2009/abs.php?abs=O035
http://www.cahr-acrv.ca/english/resources/abstracts_2009/abs.php?abs=O035


Health Agency of Canada, Ottawa, ON, Canada. 5Faculty of Medicine,
University of Ottawa, Ottawa, ON, Canada.

Authors’ contributions
MS, DAC, MG, MK and MLR conceived and designed the study. MS and DAC
drafted the manuscript. DH, EW and MG extracted and analyzed the case
surveillance data. PT performed the HIV screen testing and confirmation. HM
and JIB performed the TDR testing and HIV subtyping and analyzed the
data. All authors provided critical review of the manuscript and approved
the final version to be published.

Competing interests
The authors declare that they have no competing interests.

Received: 29 November 2010 Accepted: 9 August 2011
Published: 9 August 2011

References
1. Wawer MJ, Gray RH, Sewankambo NK, Serwadda D, Li X, Laeyendecker O,

Kiwanuka N, Kigozi G, Kiddugavu M, Lutalo T, Nalugoda F, Wabwire-
Mangen F, Meehan MP, Quinn TC: Rates of HIV-1 transmission per coital
act, by stage of HIV-1 infection, in Rakai, Uganda. J Infect Dis 2005,
191:1403-1409.

2. Rapatski BL, Suppe F, Yorke JA: HIV epidemics driven by late disease
stage transmission. J Acquir Immun Defic Syndr 2005, 38:241-253.

3. Brenner BG, Roger M, Routy JP, Moisi D, Ntemgwa M, Matte C, Baril JG,
Thomas R, Rouleau D, Bruneau J, Leblanc R, Legault M, Tremblay C,
Charest H, Wainberg MA, Quebec Primary HIV Infection Study Group: High
rates of forward transmission events after acute/early HIV-1 infection. J
Infect Dis 2007, 195:951-959.

4. Pinkerton SD: How many sexually-acquired HIV infections in the USA are
due to acute-phase HIV transmission? AIDS 2007, 21:1625-1629.

5. Hollingsworth TD, Anderson RM, Fraser C: HIV-1 transmission, by stage of
infection. J Infect Dis 2008, 198:687-693.

6. Lewis F, Hughes GJ, Rambaut A, Pozniak A, Leigh Brown AJ: Episodic
sexual transmission of HIV revealed by molecular phylodynamics. PLoS
Med 2008, 5:e50.

7. Steward W: Behavior Change Following Diagnosis with Acute/Early HIV
Infection - A move toward Serosorting with Other HIV-Infected
Individuals. The NIMH Multisite Acute HIV Infection Study: III. AIDS Behav
2009, 13:1054-1060.

8. Marks G, Crepaz N, Senterfitt JW, Janssen RS: Meta-analysis of high-risk
sexual behavior in persons aware and unaware they are infected with
HIV in the United States: implications for HIV prevention programs. J
Acquir Immun Defic Syndr 2005, 39:446-53.

9. Stekler JD, Swenson PD, Coombs RW, Dragavon J, Thomas K, Brennan C,
Devare SG, Wood RW, Golden MR: HIV testing in a high-incidence
population: is antibody testing alone good enough? Clin Infect Dis 2009,
49:444-53.

10. Devare SG: Early Diagnosis of HIV Infection. J Med Virol 2007, 79:S11-S15.
11. Patel P, Mackellar D, Simmons P, Unival A, Gallagher K, Bennett B,

Sullivan TJ, Kowalski A, Parker MM, LaLota M, Kerndt P, Sullivan PS, Centers
for Disease Control and Prevention Acute HIV Infection Study Group:
Detecting acute human immunodeficiency virus infection using 3
different screening immunoassays and nucleic acid amplification testing
for human immunodeficiency virus RNA, 2006-2008. Arch Intern Med
2010, 170:66-74.

12. Pilcher CD, Fiscus SA, Nguyen TQ, Foust E, Wolf L, Williams D, Ashby R,
O’Dowd JO, McPherson JT, Stalzer B, Hightow L, Miller WC, Eron JJ Jr,
Cohen MS, Leone PA: Detection of acute infections during HIV testing in
North Carolina. N Engl J Med 2005, 352:1873-1883.

13. Miller WC, Leone PA, McCoy S, Nguyen TQ, Williams DE, Pilcher CD:
Targeted testing for acute HIV infection in North Carolina. AIDS 2009,
23:835-43.

14. Hutchinson A, Patel P, Sansom SL, Farnham PG, Sullivan TJ, Bennett B,
Kerndt PR, Bolan RK, Heffelfinger JD, Prabhu VS, Branson BM: Cost-
effectiveness of Pooled Nucleic Acid Amplification Testing for Acute HIV
Infection after Third-Generation HIV Antibody Screening and Rapid
Testing in the United States: A Comparison of Three Public Health
Settings. PLoS Med 2010, 7:e1000342.

15. Pilcher CD, Eaton L, Kalichman S, Bisol C, de Souza Rda S: Approaching
“HIV elimination": Interventions for acute HIV infection. Curr HIV/AIDS Rep
2006, 3:160-168.

16. Stekler J, Swenson PD, Wood RW, Handsfield HH, Golden MR: Targeted
screening for primary HIV infection through pooled HIV-RNA testing in
men who have sex with men. AIDS 2005, 19:1323-1325.

17. Ragonnet-Cronin M, Ofner-Agostini M, Merks H, Pilon R, Rekart M,
Archibald CP, Sandstrom PA, Brooks JI: Longitudinal Phylogenetic
Surveillance Identifies Distinct Patterns of Cluster Dynamics. J Acquir
Immun Defic Syndr 2010, 55:102-108.

18. Public Health Agency of Canada: HIV-1 Strain and Primary Drug Resistance in
Canada [http://www.phac-aspc.gc.ca/publicat/hiv1-vih1-05/index-eng.php].

19. Simpson K, Biddle A, Leone P, Wolf L, Williams D, Kuruc J, McCoy S, Miller B,
Hightow L, Pilcher C: Cost Effectiveness of Screening for Acute HIV
Infection: The North Carolina STAT Program. 13th Conference on
Retroviruses and Opportunistic Infections, Alexandria, VA 2006. Abstract 374
[http://www.retroconference.org/2006/Abstracts/27577.htm].

20. Branson BM, Handsfield HH, Lampe MA, Hanssen RS, Taylor AW, Lyss SB,
Clark JE, Centers for Disease Control and Prevention: Revised
recommendations for HIV testing of adults, adolescents, and pregnant
women in health-care settings. Morb Mortal Wkly Rep 2006, 55:1-17.

21. Coco A: The cost-effectiveness of expanded testing for primary HIV
infection. Ann Fam Med 2005, 3:391-399.

22. Kerndt PR, Dubrow R, Aynalem G, Mayer KH, Beckwith C, Remien RH,
Truong HM, Uniyal A, Chien M, Brooks RA, Vigil OR, Steward WT, Merson M,
Rotheram-Borus MJ, Morin SF: Strategies used in the detection of acute/
early HIV infections. The NIMH multisite acute HIV infection study: I. AIDS
Behav 2009, 13:1037-1045.

23. Barboura JD, Hecht FM, Wrine T: Persistence of primary drug resistance
among recently HIV-1 infected adults. AIDS 2004, 18:1683-1689.

24. Brenner BG, Routy JF, Petrella M: Persistence and fitness of multidrug-
resistant human immunodeficiency virus type 1 acquired in primary
infection. J Virol 2002, 76:1753-1761.

25. Little SJ, Frost SD, Wong JK, Smith DM, Pond SL, Ignacio CC, Parkin NT,
Petropoulos CJ, Richman DD: Persistence of transmitted drug resistance
among subjects with primary human immunodeficiency virus infection.
J Virol 2008, 82:5510-5518.

26. Jakobsen MR, Tolstrup M, Søgaard OS, Jørgensen LB, Gorry PR, Laursen A,
Ostergaard L: Transmission of HIV-1 drug-resistant variants: prevalence
and effect on treatment outcome. Clin Infect Dis 2010, 50:566-573.

27. Riva C, Lai A, Caramma I, Corvasce S, Violin M, Dehò L, Prati F, Rossi C,
Colombo MC, Capetti A, Franzetti M, Rossini V, Tambussi G, Ciccozzi M,
Suligoi B, Mussini C, Rezza G, Balotta C: Transmitted HIV Type 1 drug
resistance and Non-B subtypes prevalence among seroconverters and
newly diagnosed patients from 1992 to 2005 in Italy. AIDS Res Hum
Retroviruses 2010, 26:41-49.

28. Hurt CB, McCoy SI, Kuruc J, Nelson JA, Kerkau M, Fiscus S, McGee K,
Sebastian J, Leone P, Pilcher C, Hicks C, Eron J: Transmitted antiretroviral
drug resistance among acute and recent HIV infections in North
Carolina from 1998 to 2007. Antivir Ther 2009, 14:673-678.

29. Booth CL, Garcia-Diaz AM, Youle MS, Johnson MA, Phillips A, Geretti AM:
Prevalence and predictors of antiretroviral drug resistance in newly
diagnosed HIV-1 infection. J Antimicrob Chemo 2007, 59:517-524.

30. Truong HH, Grant RM, McFarland W, Kellogg T, Kent C, Louie B, Wong E,
Klausner JD: Routine surveillance for the detection of acute and recent
HIV infections and transmission of antiretroviral resistance. AIDS 2006,
20:2193-2197.

31. Wheeler WH, Ziebell RA, Zabina H, Pieniazek D, Prejean J, Bodnar UR,
Mahle KC, Heneine W, Johnson JA, Hall HI, Variant, Atypical, and Resistant
HIV Surveillance Group: Prevalence of transmitted drug resistance
associated mutations and HIV-1 subtypes in new HIV-1 diagnoses, U.S.-
2006. AIDS 2010, 24:1203-1212.

32. Lee CC, Sun YJ, Barkham T, Leo YS: Primary drug resistance and
transmission analysis of HIV-1 in acute and recent drug-naïve
seroconverters in Singapore. HIV Med 2009, 10:370-377.

33. Ananworanich J, Phanuphak N, de Souza M, Paris R, Arroyo M, Trichavaroj R,
Sirivichayakul S, Shikuma C, Phanuphak P, Kim JH, South East Asia Research
Collaboration with Hawaii 004 Protocol Team: Incidence and
characterization of acute HIV-1 infection in a high-risk Thai population. J
Acquir Immun Defic Syndr 2008, 49:151-155.

Steinberg et al. Journal of the International AIDS Society 2011, 14:39
http://www.jiasociety.org/content/14/1/39

Page 6 of 7

http://www.ncbi.nlm.nih.gov/pubmed/15809897?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15809897?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17330784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17330784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17630558?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17630558?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18662132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18662132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18351795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18351795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19504178?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19504178?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19504178?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19538088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19538088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20065201?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20065201?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20065201?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15872202?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15872202?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19318909?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20927354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20927354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20927354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20927354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20927354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17032575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17032575?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16052089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16052089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16052089?dopt=Abstract
http://www.phac-aspc.gc.ca/publicat/hiv1-vih1-05/index-eng.php
http://www.retroconference.org/2006/Abstracts/27577.htm
http://www.ncbi.nlm.nih.gov/pubmed/16189054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16189054?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19495954?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19495954?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15280779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15280779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11799170?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11799170?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11799170?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18353964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18353964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20085464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20085464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20055587?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20055587?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20055587?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19704170?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19704170?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19704170?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17086059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17086059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20395786?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20395786?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20395786?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19490177?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19490177?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19490177?dopt=Abstract


34. Gill VS, Lima VD, Zhang W, Wynhoven B, Yip B, Hogg RS, Montaner JS,
Harrigan PR: Will HIV Drug Resistance Rates Increase? Improved
Virological Outcomes in British Columbia Concomitant with Decreasing
Incidence of HIV Type 1 Drug Resistance Detection. Clin Infect Dis 2010,
50:98-105.

35. Centers for Disease Control and Prevention: Acute HIV Infection–New York
City, 2008. Morb Mortal Wkly Rep 2009, 58:1296-1299.

36. Westreich DJ, Hudgens MG, Fiscus SA, Pilcher CD: Optimizing screening
for acute human immunodeficiency virus infection with pooled nucleic
acid amplification tests. J Clin Microbiol 2008, 46:1785-1792.

37. Silvera R, Stein D, Hutt R, Hagerty R, Daskalakis D, Valentine F, Marmor M:
The Development and Implementation of an Outreach Program to
Identify Acute and Recent HIV Infections in New York City. Open AIDS
Journal 2010, 4:76-83.

doi:10.1186/1758-2652-14-39
Cite this article as: Steinberg et al.: Towards targeted screening for
acute HIV infections in British Columbia. Journal of the International AIDS
Society 2011 14:39.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Steinberg et al. Journal of the International AIDS Society 2011, 14:39
http://www.jiasociety.org/content/14/1/39

Page 7 of 7

http://www.ncbi.nlm.nih.gov/pubmed/19951169?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19951169?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19951169?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18353930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18353930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18353930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20386719?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20386719?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

