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ABSTRACT 

Context: Despite advances in therapy for HIV infection, treatment is often compromised by delayed diagnosis. Strate-
gies are needed to improve broad based testing in all medical settings. Objective: To compare HIV screening rates in a 
primary care setting following implementation of an electronic reminder system to rates produced solely by provider 
educational efforts. Design: Prospective, observational study of HIV screening, comparing rates during implementation 
of strategies. Setting: Multiple clinic healthcare system affiliated with a tertiary care medical center. Patients: Veterans 
receiving care in the clinics affiliated with the Department of Veterans Affairs-Eastern Colorado Healthcare System. 
Intervention: Provider education and a provider clinical reminder system embedded in the electronic medical record. 
Main Outcome Measure: Proportion of primary care clinic appointments at which the veteran was screened for HIV 
infection. Results: The proportion of visits at which screening occurred increased from 2.7% during the provider edu-
cation period to 16.7% during the provider clinical reminder period (p < 0.0001). All of the cases identified by the re-
minder were antiretroviral therapy candidates, and there was a trend to earlier diagnosis in the screening group than in 
the diagnostic testing group (CD4 count 329 vs. 109, p = 0.13). Conclusions: An electronic clinical reminder system in 
a primary care setting is an effective strategy to increase testing for HIV infection, and may lead to fewer delayed diag-
noses. 
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1. Introduction 

There has been tremendous progress in the management 
of HIV infection since 1981, when the acquired immu-
nodeficiency syndrome was first reported. In the absence 
of therapy, HIV infection progresses to AIDS in ap-
proximately 10 years, but currently a 25 year-old person 
with newly diagnosed HIV infection, and access to high 
quality care, has a life expectancy of 64 years [1]. De-
spite advances in therapy, and the benefit of early treat-
ment, early diagnosis of HIV infection has been an elu-
sive goal. A recent CDC-funded study of opt-out testing 
found a median CD4 positive T lymphocyte count of 
69/uL among the newly diagnosed cases identified by 
routine screening [2]. 

Early diagnosis and treatment of HIV infection is also 
an important part of the national HIV prevention strategy 
[3]. Persons who are aware of their infection are less 
likely to transmit infection to others [4], because they can 
adopt less risky behaviors, and antiretroviral therapy of  

HIV-infected persons is an effective prevention strategy. 
Treatment with antiretroviral agents reduces viral burden 
in blood and in genital secretions, and in serodiscordant 
heterosexual couples highly active antiretroviral treat-
ment of the infected partner reduces transmission of HIV 
96% [5]. 

It is estimated that 1.2 million Americans are infected 
with human immunodeficiency virus (HIV), and that 
20% of infected persons are unaware of their infection 
[6]. In 2006, the Centers for Disease Control published 
updated guidelines for HIV testing, that recommended all 
persons younger than 65 years be tested at least once, 
regardless of risk factors [7], and that screening be in-
corporated into routine medical care, without a require-
ment for formal pre-test counseling or written informed 
consent. Despite these guidelines, the rate of new diag-
noses of HIV infection reported to CDC did not increase 
from 2006 through 2009 [6]. Furthermore, the AIDS 
mortality rate in the United States did not change be-  
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tween 2006 and 2008, and late diagnosis of HIV infec-
tion has improved only modestly [3].  

Previous efforts to increase HIV testing have focused 
on relatively high risk populations, e.g. patients present-
ing to Sexually Transmitted Disease clinics and Emer-
gency Departments in urban safety net hospitals [2,8,9]. 
To achieve the goal of testing all Americans between 13 
and 65 years old, screening must be included in routine 
medical care for populations that are not perceived to be 
at increased risk of HIV infection. To address this need, a 
program was developed to improve testing within the 
Veterans Affairs Eastern Colorado Healthcare System. 

Legal requirements for written informed consent for 
HIV testing in the Department of Veterans Affairs were 
an impediment to the normalization of HIV testing until 
2009, when a Congressional action allowed a change in 
policy. In August, 2009, the requirement for written in-
formed consent for HIV testing was rescinded, and pro-
viders were advised of the recommendation that all pa-
tients be tested, following patient education and verbal 
consent. In March 2010, enhanced educational efforts 
were directed to providers and patients, to encourage 
broad based testing of all patients, regardless of risk fac-
tors. In June, 2010, a clinical reminder for HIV testing 
was designed and embedded in the electronic medical 
record at the Department of Veterans Affairs Eastern 
Colorado Healthcare System. We analyzed testing rates 
and results associated with each of these efforts. 

2. Methods  

2.1. Setting 

The Eastern Colorado Healthcare System provides pri-
mary and specialty care to 70,000 veterans in eight 
community based outpatient clinics and a tertiary medi-
cal center with 92 inpatient beds and a full range of sub-
specialty clinics, staffed by physician faculty at the Uni-
versity of Colorado-Denver Medical School. The HIV 
treatment program is staffed by one nurse practitioner 
and three Infectious Diseases specialists. 

2.2. Testing Programs 

Baseline testing program: Until August, 2009, HIV test-
ing was available when a physician or nurse provided 
pre-test counseling, ordered the test, and a written in-
formed consent form signed by the patient was delivered 
to the laboratory with the blood specimen.  

Verbal consent program: In August, 2009, a local pol-
icy was approved, which encouraged HIV testing, and 
required only that the ordering physician or nurse obtain 
verbal consent and provide written educational materials 
to the patient before ordering an HIV screening test. The 
new policy was circulated to providers by electronic 

mail. 
Educational program: Educational posters and pam-

phlets were placed at all clinic check-in areas. The 
medical director of the Infectious Diseases clinic at-
tended staff meetings for primary care providers, and 
provided information on the CDC recommendations for 
testing, and the amended consent rules. The Infectious 
Diseases Nurse Practitioner visited nursing meetings to 
provide the same information. In addition, she attended 
general medical intake clinics for new patients to the 
system bimonthly, providing care to new patients, and 
setting an example of HIV testing of all patients. The 
educational message on the telephone “on hold” system 
was amended to include the statement, “Did you know 
that the Centers for Disease Control recommend that all 
adults be tested at least once for HIV infection? Every-
one, not just people who are at high risk, should be tested 
at least once. For people who engage in high risk behav-
iors, more frequent HIV testing is recommended. Even if 
you do not think you are at risk you should talk to your 
provider about taking the HIV test.” 

Clinical reminder program: All patient records are 
maintained in a comprehensive electronic medical record, 
which has been in use since 1998. Providers enter pro-
gress notes into the electronic medical record at each 
patient encounter. A clinical reminder system is embed-
ded in the progress note program, and is used to alert 
providers to a variety of health maintenance tasks, e.g. 
colorectal cancer screening for persons over 50 years of 
age. We designed and implemented a clinical reminder 
that searched the medical record for a previous HIV an-
tibody test result, and alerted the provider if no result was 
found. The provider would then offer HIV testing to the 
patient, and with two mouse clicks the order was entered 
and documented in the record. The reminder was acti-
vated for patients of all ages. Providers could complete 
the reminder by entering results of testing performed 
outside of the VA, or by indicating that life expectancy 
was less than six months. All of the educational efforts 
described above continued during the clinical reminder 
period. 

A screening ELISA was performed, using the Abbott 
HIVAB HIV-1/HIV-2 (rDNA) EIA kit. Samples that 
tested positive were sent to a reference laboratory (Lab-
Corp), for confirmatory testing. The ELISA was repeated 
at the reference laboratory, and if it was positive, a West-
ern Blot was performed (Figure 1). Each case with a posi-
tive screening ELISA was reviewed, and classified as a 
true positive or false positive, based on the result of the 
confirmatory ELISA and Western Blot assays. All patients 
who had a positive or indeterminate Western Blot assay 
also had a quantitative HIV PCR performed, using the 
COBAS Amplicor assay (10/1/2007-7/31/2009), or the 
Roche Amplicor/COBAS Taqman HIV-1 assay (8/1/2009 
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-11/30/2010). The laboratory alerted the Infectious Dis-
eases team to each positive screening ELISA test, at the 
time that the specimen was sent to the reference labora-
tory for confirmatory testing. The Infectious Diseases 
team (MTB and PS) performed a chart review of each 
case with a positive screening ELISA, and informed the 
primary care provider of the screening test result. If the 
screening test was confirmed by a positive Western Blot 
assay, the team provided assistance to the primary care 
provider with counseling the patient about the test result. 
Each newly diagnosed case was followed prospectively, 
clinical features were recorded on a standardized case 
report form, and the case was classified as below. 

1) Screening test-a test ordered by a provider in a case 
in which no risk factors or clinical signs or symptoms of 
HIV infection were recorded in the provider’s note or on 
the problem list. 

2) Reminder-prompted test-a screening test, performed 
when the provider processed the clinical reminder. 

3) Diagnostic test-a test performed in a case in which 
the provider suspected HIV infection, based on patient 
report of a risk factor or clinical signs and symptoms. 

4) Confirmatory test-a test ordered to confirm a history 
of HIV infection. 

2.3. Analysis 

We analyzed screening rates during four periods, Period 
1, Baseline period, 10/1/2007-8/31/2009; Period 2, Ver-
bal consent period, 9/1/2009-2/28/2010; Period 3, Educa-
tional program period, 3/1/2010-5/31/2010; Period 4, 
Clinical Reminder Period, 7/1/2010-11/30/2010. We re-
trieved the number of clinic visits for each period from 
administrative records. The clinical reminder was acti-
vated on 6/20/2010. We therefore excluded the month of 
June from analysis of testing rates, because it included 

tests performed under both educational program and 
clinical reminder program conditions. 

Statistical analyses were performed on GraphPad In-
Stat, using chi square or Fisher’s exact test for compari-
sons of proportions, and Student t-test for continuous 
variables. 

3. Results 

There were 8528 initial screening ELISA assays per-
formed between March 1, 2010 and November 30, 2010, 
encompassing the educational and clinical reminder pe-
riods (Figure 1). There were five positive tests that were 
ordered to confirm a previously reported diagnosis of 
HIV infection, and four positive tests performed for di-
agnostic reasons. These were excluded from the analysis 
of sensitivity, specificity and predictive value, because 
they were not ordered for screening purposes. There were 
18 positive screening ELISA tests, of which 6 were con-
firmed positive by repeat ELISA and Western Blot test-
ing, 11 were negative on repeat ELISA testing, and one 
had a positive repeat ELISA, and an indeterminate West-
ern Blot. Follow-up of the case with an indeterminate 
Western Blot with an HIV PCR and T-lymphocyte subset 
analysis demonstrated no evidence of HIV infection. We 
therefore had 12 false positive screening ELISA tests 
among 8519 tests run, for a specificity of 99.86%. The 
predictive value of a positive screening ELISA in this 
low risk population was 6/18 = 33%. The predictive 
value of a positive two-step ELISA was 6/7 = 86%.  

There were 7220 HIV tests performed during the clini-
cal reminder period, a six fold increase in the monthly 
test rate when compared to the educational program pe-
riod, and a ten fold increase compared to the baseline 
period (Table 1). The proportion of primary care clinic 
visits at which an HIV test was performed increased from  

 

 

Figure 1. Flow chart of HIV Testing Cascade. 
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Table 1. Testing rates. 

Period 
HIV Tests per  

month 
HIV Tests per  
Clinic Visits 

1) Baseline 83 1.5% 

2) Verbal consent 141 2.0% 

3) Educational Program 233 2.7% 

4) Clinical Reminder 1444 16.7% 

 
2.7% during the baseline period to 16.7% during the 
clinical reminder period (p < 0.0001). 

Among the 15 patients with a positive Western Blot 
assay, confirmatory testing with HIV PCR was positive 
in all cases. Five of the positive ELISA tests were per-
formed to confirm a reported history of HIV infection, 
and four tests were run for diagnostic reasons. The mean 
CD4/CD8 positive T lymphocyte count of the cases 
tested for diagnostic reasons was 109/uL (range 6 - 398); 
the median plasma HIV RNA was 56,550 (Table 2). Six 
of the positive ELISA tests were true screening tests, run 
in response to the clinical reminder. The mean CD4/CD8 
positive T lymphocyte count of the cases identified by 
screening patients without identified risk factors was 
329/uL (range 41 - 496); the median plasma HIV RNA 
was 26,400 (Table 3, p = 0.13). One of six patients iden-  

tified by screening had an AIDS diagnosis, vs. three of 
four patients identified by diagnostic testing (Relative 
risk = 0.3000, 95% Confidence Interval: 0.05291 to 
1.701, p = 0.30).  

Linkage to care: All patients were referred to the In-
fectious Diseases clinic; the median time between the 
HIV test order date and Infectious Diseases clinic visit 
date was 15.5 days. The median time between HIV 
Western Blot assay result date and Infectious Diseases 
clinic visit was 2 days. 

Mental Health Referrals: Referral to the Mental Health 
service for acute counseling was provided to 50% of the 
patients detected by screening prompted by the clinical 
reminder, compared to none of the patients tested diag-
nostically. One patient required admission to the inpa-
tient psychiatric service for management of acute ad-
justment disorder and suicidal ideation. 

Costs: The cost to the laboratory is $8.00 per HIV an-
tibody test. If we ascribe all HIV tests performed during 
the clinical reminder period to the reminder, the labora-
tory cost of the reminder strategy was $57,760, or $9627 
per case detected.  

4. Discussion 

This study demonstrates that routine screening of low- 
risk patients in an outpatient setting yields a small, but  

 
Table 2. Characteristics of cases detected by diagnostic HIV testing. 

Case CD4 Viral load Reason for test Risks reported before test Risks reported after test

1 6 11,500 Oral lesion (Kaposi Sarcoma) None MSM 

2 23 11,400 Wasting None MSM 

3 398 2450 Vocal cord papilloma None None 

4 10 41,300 Cholestatic jaundice None MSM 

Mean +/− std dev 109 +/− 193     

median 16.5 56,550    

 
Table 3. Characteristics of cases detected by clinical reminder. 

Case Age CD4 Viral load Time to follow-up Time to ARV 
Risks reported 

before test 
Risks reported 

after test 

1 51 366 11,500 15 53 None MSM 

2 27 369 11,400 3 36 None MSM 

3 46 496 2450 1 42 None None 

4 56 224 41,300 0 15 None MSM 

5 38 41 52,300 11 22 None Prostitute contact

6 58 280 77,300 0 48 None MSM 

Mean +/− std dev  329 +/− 172      

median 48.5 323 26,400 2 39   

M SM: Men who have sex with men. 
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clinically important number of HIV cases that were not 
detected by a risk-based screening strategy. Furthermore, 
a clinical reminder system resulted in a marked increase 
in screening, compared to a strategy of provider educa-
tion. All of the cases detected by screening met current 
criteria for antiretroviral therapy, but only 17% had an 
AIDS diagnosis, compared to 75% of the cases detected 
by diagnostic testing. Therefore, routine screening of a 
low-risk clinic population may help reach the goal of 
earlier diagnosis of HIV infection. 

Linkage to care was excellent in the screened popula-
tion, with a median time to first visit with the Infectious 
Diseases service of only two days. This was achieved 
through a close relationship with the clinical laboratory, 
with direct reporting of positive results to the Infectious 
Diseases service. It is notable that a large proportion of 
the cases detected by screening required intervention 
from the Mental Health service. There were no suicide 
attempts in this small group of patients, which is similar 
to findings of larger studies. Although a retrospective 
study in New York found an increased risk of suicide in 
men with a new diagnosis of HIV infection, a national 
retrospective study, and a prospective study of military 
recruits showed no increased risk [10-12]. Patients who 
present with symptoms of infection or who recognize 
their risk and request testing may be better prepared for a 
positive result than persons detected by screening. Al-
though verbal pre-test counseling and written educational 
materials were provided to all patients prior to testing, it 
was not the primary reason for their visit on the day of 
testing. In many cases it was one of several screenings 
provided at the visit. Implementation of broad based 
screening of low risk populations will require institu-
tional support and commitment to provide Mental Health 
services as needed to patients who test positive. 

A formal cost effectiveness analysis was beyond the 
scope of this study, but previous authors have found that 
when routine HIV screening is cost-effective when inci-
dence is greater than 0.05% [13]. Specificity of the 
screening protocol was excellent, leading to a good posi-
tive predictive value, despite the low pre-test probability. 
The predictive value of the initial screening ELISA was 
33%, and when the repeat ELISA strategy was applied 
the positive predictive value increased to 86%. To put 
this in context, fecal occult blood testing has a positive 
predictive value of 8% for colorectal cancer, and 32% for 
advanced adenoma [14]. The availability of advanced 
testing for HIV infection, including polymerase chain 
reaction for the presence of the virus, removes the ambi-
guity from cases with an indeterminate Western Blot 
assay, allowing patient reassurance during the follow-up 
period. 

This study builds on previous work by many centers to 

reduce the number of HIV-infected persons who are un-
aware of their infection [2,8]. In 2005 a clinical reminder 
was developed at another VA facility, which used data 
available in the electronic medical record to identify pa-
tients at increased risk for infection, and alert providers 
to request an HIV test [15]. Our study is the first to focus 
exclusively on a population with no known risk factors, 
and a low prevalence of HIV infection. 

The limitations of this study are that although there 
was a trend toward earlier diagnosis during the clinical 
reminder period, the differences in CD4 positive T cell 
numbers did not achieve statistical significance. The rela-
tively small number of HIV infections detected probably 
resulted in inadequate power to detect a difference. We 
also could not calculate the sensitivity of the screening 
test strategy in our population, because we did not apply 
an independent gold standard test for HIV infection, e.g. 
HIV PCR, to the patients with negative screening tests. 
Based on published data, we presume that the sensitivity 
of the screening test approaches 100% [16,17]. The 
strength of this study is the large number of patients 
screened, in a routine clinical care setting, with minimal 
resources. The provider clinical reminder is a sustainable 
intervention that can be implemented at low cost by prac-
tices that use an electronic medical record and can effi-
ciently achieve linkage to medical and mental health 
care. 
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