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Background: In 2006, the Centers for Disease Control and 
Prevention issued guidelines advocating routine HIV screen-
ing for all patients. However, false-positive results are a 
potential patient care threat for low-risk populations even 
with accurate screening assays. A reduction in HIV false- 
positive screening results can potentially be seen by switch-
ing from the third-generation to a more sensitive and specific 
fourth-generation screening assay. 
Methods: We studied the impact on the false-positive screen-
ing rate of a change to a fourth-generation assay at a regional 
US Department of Veteran Affairs Medical Center. HIV screening 
tests performed by the laboratory from March 1, 2016 to Feb-
ruary 28, 2017, prior to implementation of the new assay were 
compared with fourth-generation HIV screening tests performed 
from March 1, 2017 to February 28, 2018. 

Results: Of 7,516 third-generation HIV screening tests re-
viewed, 52 were reactive on the screening assay; 24 were 
true positives, 28 were false positives. The following year 
7,802 fourth-generation HIV screening tests were performed 
and 23 were reactive on the screening assay; 16 were true 
positives and 7 were false positives. The positive predictive 
value for the third-generation test was 46% and 70% for the 
fourth-generation test.
Conclusions: There were fewer false-positive results with 
testing with the more specific fourth- vs third-generation 
assay (0.09% vs 0.37%, respectively), which was statistically 
significant (P = .002). This reduction in false-positive screen-
ing would reduce the laboratory workload and would save 
an estimated $3,875 yearly and reduce the adverse effects of 
false-positive screening results for patients.

Ever since the first clinical reports of pa-
tients with AIDS in 1981, there have 
been improvements both in the knowl-

edge base of the pathogenesis of HIV in caus-
ing AIDS as well as a progressive refinement 
in the test methodologies used to diagnose 
this illness.1-3 Given that there are both public 
health and clinical benefits in earlier diagno-
sis and treatment of patients with available 
antiretroviral therapies, universal screening 
with opt-out consent has been a standard of 
practice recommendation by the Centers of 
Disease Control and Prevention (CDC) since 
2006; universal screening with opt-out con-
sent also has been recommended by the US 
Preventative Task Force and has been widely  
implemented.4-7 

HIV SCREENING
While HIV screening assays have evolved to 
be accurate with very high sensitivities and 
specificities, false-positive results are a signif-
icant issue both currently and historically.8-16 
The use of an HIV assay on a low prevalence 
population predictably reduces the positive 
predictive value (PPV) of even an otherwise 
accurate assay.8-23 In light of this, laboratory 
HIV testing algorithms include confirmatory 
testing to increase the likelihood that the 
correct diagnosis is being rendered. 

The fourth-generation assay has been 

shown to be more sensitive and spe-
cific compared with that of the third- 
generation assay due to the addition of de-
tection of p24 antigen and the refinement 
of the antigenic targets for the antibody de-
tection.6,8,11-13,18-20,22 Due to these improve-
ments, in the general population, increased 
sensitivity/specificity with a reduction in 
both false positives and false negatives have 
been reported. 

It has been observed in the nonveteran pop-
ulation that switching from the older third-
generation to a more sensitive and specific 
fourth-generation HIV screening assay has re-
duced the false-positive screening rate.18,19,22 
For instance, Muthukumar and colleagues 
demonstrated a false-positive rate of only 
2 out of 99 (2%) tested specimens for the 
fourth-generation ARCHITECT HIV Ag/Ab  
Combo assay vs 9 out of 99 tested speci-
mens (9%) for the third-generation ADVIA 
Centaur HIV 1/O/2 Enhanced assay.18 In ad-
dition, it has been noted that fourth-generation  
HIV screening assays can reduce the win-
dow period by detecting HIV infection sooner 
after initial acute infection.19 Mitchell and 
colleagues  demonstrated even highly spe-
cific fourth-generation HIV assays with spec-
ificities estimated at 99.7% can have PPVs as 
low as 25.0% if used in a population of low 
HIV prevalence (such as a 0.1% prevalence  
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population).19 However, the veteran popula-
tion has been documented to differ signifi-
cantly on a number of population variables, 
including severity of disease and susceptibil-
ity to infections, and as a result extrapolation 
of these data from the general population may 
be limited.24-26 To our knowledge, this arti-
cle represents the first study directly examin-
ing the reduction in false-positive results with 
the switch to a fourth-generation HIV gener-
ation assay from a third-generation assay for 
the veteran patient population at a regional 
US Department of Veterans Affairs (VA) medi-
cal center (VAMC).8,11

METHODS 
Quality assurance documents on test vol-
ume were retrospectively reviewed to ob-
tain the number of HIV screening tests 
that were performed by the laboratory at 
the Corporal Michael J. Crescenz VAMC 
(CMJCVAMC) in Philadelphia, Pennsyl-
vania, between March 1, 2016 and Febru-
ary 28, 2017, prior to implementation of 
the fourth-generation assay. The study also 
include results from the first year of use 
of the fourth-generation assay (March 1, 
2017 to February 28, 2018). In addition, 
paper quality assurance records of all posi-
tive screening results during those periods 
were reviewed and manually counted for 
the abstract presentation of these data. 

For assurance of accuracy, a search of all 
HIV testing assays using Veterans Health In-
formation Systems and Technology Archi-
tecture and FileMan also was performed, 
and the results were compared to records in 
the Computerized Patient Record System 
(CPRS). Any discrepancies in the numbers 
of test results generated by both searches 
were investigated, and data for the manu-
script were derived from records associating 
tests with particular patients. Only results 
from patient samples were considered for the 
electronic search. Quality samples that did 
not correspond to a true patient as identified 
in CPRS or same time patient sample dupli-
cates were excluded from the calculations. 
Basic demographic data (age, ethnicity, and  
gender) were obtained from this FileMan 
search. The third-generation assay was the 
Ortho-Clinical Diagnostics Vitros, and the 
fourth-generation assay was the Abbott  
Architect. 

To interpret the true HIV result of each 
sample with a reactive or positive screen-
ing result, the CDC laboratory HIV test-
ing algorithm was followed and reviewed 
with a clinical pathologist or microbiolo-
gist director.12,13 All specimens interpreted 
as HIV positive by the pathologist or mi-
crobiologist director were discussed with 
the clinical health care provider at the time 
of the test with results added to CPRS after 
all testing was complete and discussions 
had taken place. All initially reactive spec-
imens (confirmed with retesting in dupli-
cate on the screening platform with at least 
1 repeat reactive result) were further tested 
with the Bio-Rad Geenius HIV 1/2 Supple-
mental Assay, which screens for both HIV-1 
and HIV-2 antibodies. Specimens with  
reactive results by this supplemental assay 
were interpreted as positive for HIV based 
on the CDC laboratory HIV testing algo-
rithm. Specimens with negative or indeter-
minant results by the supplemental assay 
then underwent HIV-1 nucleic acid testing 
(NAT) using the Roche Diagnostics COBAS 
AmpliPrep/COBAS TaqMan HIV-1 Test 
v2.0. Specimens with viral load detected on 
NAT were positive for HIV infection, while 
specimens with viral load not detected on 

TABLE Patient Demographics

Characteristics

HIV Test Generation, No.

Third  
(n = 7,516)

Fourth  
(n = 7,802)

Age, y
  20-29
  30-39
  40-49
  50-59
  60-69
  70-79
  80-89
  90-99
  Not available

98
1,097
751

1,169
1,838
1,292
129
28

1,114

179
1,181
836

1,217
1,784
1,416
167
29
993

Ethnicity
  American Indian or Alaska Native
  Asian American
  African American
  Declined to state/unknown
  Native Hawaiian or other Pacific Islander
  White
  Not available

37
74

3,220
278
37

2,756
1,114

51
76

3,189
298
46

3,149
993

Gender
  Male
  Female
  Not available

5,639
763

1,114

5,971
838
993
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NAT testing were interpreted as negative 
for HIV-1 infection. Although there were no 
HIV-2 positive or indeterminant specimens 
during the study period, HIV-2 reactivity also 
would have been interpreted per the CDC 
laboratory HIV testing algorithm. Specimens 
with inadequate volume to complete all test-
ing steps would be interpreted as indeter-
minant for HIV with request for additional 
specimen to complete testing. All testing plat-
forms used for HIV testing in the laboratory 
had been properly validated prior to use. 

The number of false positives and inde-
terminant results was tabulated in Micro-
soft Excel by month throughout the study 
period alongside the total number of HIV 
screening tests performed. Statistical anal-
yses to verify statistical significance was 
performed by 1-tailed homoscedastic t test 
calculation using Excel.

RESULTS
From March 1, 2016 to February 28, 
2017, 7,516 specimens were screened for 
HIV, using the third-generation assay, and  
52 specimens tested positive for HIV. On fur-
ther review of these reactive specimens per 
the CDC laboratory testing algorithm, 24 tests 
were true positive and 28 were false positives 
with a PPV of 46% (24/52) (Figure 1).

From March 1, 2017 to February 28, 
2018, 7,802 specimens were screened for 
HIV using a fourth-generation assay and  
23 tested positive for HIV. On further re-
view of these reactive specimens per the 
CDC laboratory testing algorithm, 16 were 
true positive and 7 were false positives with 
a PPV of 70% (16/23).

The fourth-generation assay was more 
specific when compared with the third-

generation assay (0.09% vs 0.37%, re-
spectively) with a 75.7% decrease in the 
false-positivity rate after the implementa-
tion of fourth-generation testing. The de-
creased number of false-positive test results 
per month with the fourth-generation test 
implementation was statistically significant  
(P = .002). The mean (SD) number of false-
positive test results for the third-generation 
assay was 2.3 (1.7) per month, while the 
fourth-generation assay only had a mean 
(SD) of 0.58 (0.9) false positives monthly. 
The decrease in the percentage of false posi-
tives per month with the implementation of 
the fourth-generation assay also was statis-
tically significant (P = .002) (Figure 2). 

For population-based reference of the 
tested population at CMJCVAMC, there 
was a FileMan search for basic demographic 
data of patients for the HIV specimens 
screened by the third- or fourth-generation 
test (Table). For the population tested by 
the third-generation assay, 1,114 out of the 
7,516 total tested population did not have 
readily available demographic information 
by the FileMan search as the specimens orig-
inated outside of the facility. For 6,402 of 
7,516 patients tested by the third-generation 
assay with demographic information, the age 
ranged from 25 to 97 years with a mean of 
57 years. This population of 6,402 was 88% 
male (n = 5,639), 50% African American  
(n = 3,220) and 43% White (n = 2,756). 
For the population tested by the fourth- 
generation assay, 993 of 7,802 total tested 
population did not have readily available 
demographic information by the FileMan 
search as the specimens originated outside 
of the facility. For the 6,809 of 7,802 pa-
tients tested by the fourth-generation assay 
with demographic information, the age 
ranged from 24 to 97 years with a mean age 
of 56 years. This population was 88% male  
(n = 5,971), 47% African American (n = 
3,189), and 46% White (n = 3,149).

DISCUSSION
Current practice guidelines from the CDC 
and the US Preventive Services Task Force 
recommend universal screening of the pop-
ulation for HIV infection.5,6 As the general 
population to be screened would normally 
have a low prevalence of HIV infection, the 
risk of a false positive on the initial screen 

FIGURE 1 Positive HIV Assay Results

True Positive

80

70

60

50

40

30

20

10

0
False Positive

P
os

iti
ve

 R
es

ul
ts

, %

■ Third generation
■ Fourth generation



HIV Testing

MAY 2021  • FEDERAL PRACTITIONER • 235mdedge.com/fedprac

is significant.17 Indeed, the CMJCVAMC 
experience has been that with the third- 
generation screening assay, the number of 
false-positive test results outnumbered the 
number of true-positive test results. Even 
with the fourth-generation assay, approx-
imately one-third of the results were false 
positives. These results are similar to those 
observed in studies involving nonveteran 
populations in which the implementation 
of a fourth-generation screening assay led to 
significantly fewer false-positive results.18 

For laboratories that do not follows CDC 
testing algorithm guidelines, each false- 
positive screening result represents a  
potential opportunity for a HIV misdiagnosis. 
Even in laboratories with proper procedures 
in place, false-positive results have conse-
quences for the patients and for the cost- 
effectiveness of laboratory operations.9-11,18 
As per CDC HIV testing guidelines, all pos-
itive screening results should be retested, 
which leads to additional use of technologist 
time and reagents. After this additional test-
ing is performed and reviewed appropriately, 
only then can an appropriate final laboratory 
diagnosis be rendered that meets the stan-
dard of laboratory care. 

Cost Savings
As observed at CMJCVAMC, the use of 
a fourth-generation assay with increased 
sensitivity/specificity led to a reduction in 
these false-positive results, which improved 
laboratory efficiency and avoided wasted 
resources for confirmatory tests.11,18 Cost 
savings at CMJCVAMC from the imple-
mentation of the fourth-generation assay 
would include technologist time and re-
agent cost. Generalizable technologist time 
costs at any institution would include the 
time needed to perform the confirmatory 
HIV-1/HIV-2 antibody differentiation assay 
(slightly less than 1 hour at CMJCVAMC 
per specimen) and the time needed to per-
form the viral load assay (about 6 hours to 
run a batch of 24 tests at CMJCVAMC). We 
calculated that confirmatory testing cost 
$184.51 per test at CMJCVAMC. Replacing 
the third-generation assay with the more 
sensitive and specific fourth-generation test 
saved an estimated $3,875 annually. This 
cost savings does not even consider savings 
in the pathologist/director’s time for review-

ing HIV results after the completion of the 
algorithm or the clinician/patient costs or 
anxiety while waiting for results of the con-
firmatory sequence of tests. 

As diagnosis of HIV can have a signifi-
cant psychological impact on the patient, 
it is important to ensure the diagnosis con-
veyed is correct.27 The provision of an HIV 
diagnosis to a patient has been described as 
a traumatic stressor capable of causing psy-
chological harm; this harm should ideally 
be avoided if the HIV diagnosis is not accu-
rate. There can be a temptation, when pre-
sented with a positive or reactive screening 
test that is known to come from an instru-
ment or assay with a very high sensitivity 
and specificity, to present this result as a di-
agnosis to the patient. However, a false di-
agnosis from a false-positive screen would 
not only be harmful, but given the low 
prevalence of the disease in the screened 
population, would happen fairly frequently; 
in some settings the number of false posi-
tives may actually outnumber the number 
of true positive test results. 

Better screening assays with greater spec-
ificity (even fractions of a percentage, given 
that specificities are already > 99%) would 
help reduce the number of false positives 
and reduce the number of potential entice-
ments to convey an incorrect diagnosis. 
Therefore, by adding an additional layer of 
safety through greater specificity, the fourth-
generation assay implementation helped im-
prove the diagnostic safety of the laboratory 
and reduced the significant error risk to the 
clinician who would ultimately bear respon-
sibility for conveying the HIV diagnoses to 
the patient. Given the increased prevalence 
of psychological and physical ailments in 
veterans, it may be even more important to 
ensure the diagnosis is correct to avoid in-
creased psychological harm.27,28

Veteran Population
For the general population, the fourth- 
generation assay has been shown to be 
more sensitive and specific when compared 
with the third-generation assay due to the 
addition of detection of p24 antigen and 
the refinement of the antigenic targets for 
the antibody detection.6,8,11-13,18-20,22 How-
ever, the veteran population that receives 
VA medical care differs significantly from 
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the nonveteran general population. Com-
pared with nonveterans, veterans tend to 
have generally poorer health status, more 
comorbid conditions, and greater need to 
use medical resources.24-26 In addition, vet-
erans also may differ in sociodemographic 
status, race, ethnicity, and gender.24-26

VA research in the veteran population 
is unique, and veterans who use VA health 
care services are an even more highly se-
lected subpopulation.26 Conclusions made 
from studies of the general population may 
not always be applicable to the veteran pop-
ulation treated by VA health care services 
due to these population differences. There-
fore, specific studies tailored to this special 
veteran population in the specific VA health 
care setting are essential to ensure that the 
results of the general population truly and 
definitively apply to the veteran population.

While the false-positive risk is most 
closely associated with testing in a pop-
ulation of low prevalence, it also should 
be noted that false-positive screening re-
sults also can occur in high-risk individu-
als, such as an individual on preexposure 
prophylaxis (PrEP) for continuous be-
havior that places the individual at high 
risk of HIV acquisition.8,29 The false- 
positive result in these cases can lead to a 
conundrum for the clinician, and the dif-
ferential diagnosis should consider both 
detection of very early infection as well 
as false positive. Interventions could in-
clude either stopping PrEP and treating 
for presumed early primary infection with 
HIV or continuing the PrEP. These inter-
ventions all have the potential to impact 

the patient whether through the produc-
tion of resistant HIV virus due to the in-
advertent provision of an inadequate 
treatment regimen, increased risk of in-
fection if taken off PrEP as the patient 
may likely continue the behavior regard-
less, or the risks carried by the administra-
tion of additional antiretroviral therapies 
for the complete empiric therapy. Cases 
of an individual on PrEP who had a false- 
positive HIV screening test has been re-
ported previously both within and outside 
the veteran population.8 Better screening 
tests with greater sensitivity/specificity can 
only help in guiding better patient care.

Limitations
This quality assurance study was limited 
to retrospectively identifying the improve-
ment in the false-positive rate on the transi-
tion from the third-generation to the more 
advanced fourth-generation HIV screen. 
False-positive screen cases could be eas-
ily picked up on review of the confirmatory 
testing per the CDC laboratory HIV test-
ing algorithm.12,13 This study also was a ret-
rospective review of clinically ordered and 
indicated testing; as a result, without con-
firmatory testing performed on all negative 
screen cases, a false-negative rate would not 
be calculable. 

This study also was restricted to only the 
population being treated in a VA health care 
setting. This population is known to be dif-
ferent from the general population.24-26

CONCLUSIONS
The switch to a fourth-generation assay  
resulted in a significant reduction in false-
positive test results for veteran patients 
at CMJCVAMC. This reduction in false- 
positive screening not only reduced laboratory 
workload due to the necessary confirmatory 
testing and subsequent review, but also saved 
costs for technologist’s time and reagents. 
While this reduction in false-positive results 
has been documented in nonveteran popu-
lations, this is the first study specifically on 
a veteran population treated at a VAMC.8,11,18 
This study confirms previously documented 
findings of improvement in the false- 
positive rate of HIV screening tests with 
the change from third-generation to fourth- 
generation assay for a veteran population.24 
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