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AbSTRACT

Rationale In the Netherlands a substantial proportion of newly diagnosed HIV patients 

presents late for care and an estimated 12 - 34% of people living with HIV are undiagnosed. 

Linkage to care of these patients is important to decrease HIV transmission and to improve 

individual patient outcomes. We investigated if non-targeted HIV testing in emergency 

departments is a useful and cost-effective way to identify these patients.

Study design and population In a cross-sectional multicentre study, eligible adult patients 

who underwent phlebotomy were given an active choice to be additionally tested for HIV. In 

a subset of patients, risk factors for HIV infection were asked for. A cost-effectiveness analysis 

was conducted.

Results Of 7,577 eligible patients, 3,223 patients were tested, and two new HIV infections 

were diagnosed (0.03%). Both patients had risk factors for HIV infection. Non-targeted 

HIV testing in the emergency department was not considered cost-effective, with a cost per 

quality adjusted life years gained of €77,050, more than triple the Dutch cost-effectiveness 

threshold of €20,000.

Conclusion Non-targeted HIV testing in emergency departments in the Netherlands had a 

low yield of newly diagnosed HIV infections and was not cost-effective. Our data suggest 

that targeted HIV testing may offer an alternative approach to decrease the number of 

undiagnosed people living with HIV.
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InTRODuCTIOn

Early identification of patients infected with the human immunodeficiency virus (HIV) has 

been associated with benefits for both the individual and public health.1-3 From a public 

health perspective, early identification provides the opportunity to change risk behaviour 

and allows for earlier initiation of combination antiretroviral therapy (cART). This so-called 

‘treatment as prevention’ has been shown to prevent onward HIV transmission.1,4 Clinically, 

late presentation of HIV infected patients (CD4 cell count < 350/mm3) increases the risk of 

death in the first year after diagnosis tenfold and leads to a decrease in life expectancy of 10 

years.5 Early initiation of cART has been shown to decrease morbidity and mortality, resulting 

in a life expectancy equal to that of the general population.2,6

Recent data show that in the USA an estimated 20% of persons living with HIV is still 

undiagnosed.7 Worldwide 17,1 million people living with HIV do not know they are infected 

with the virus.8 In the Netherlands, by the end of 2014, 12 - 34% of HIV-infected individuals 

(dependent on the method used9,10) are estimated to be unaware of their infection. This is 

higher than the goal set by UNAIDS that 90% of all people living with HIV should be aware 

of their HIV status.11 Diagnosis of HIV infections and subsequent linkage to care should 

therefore be scaled up.

The Centers for Disease Control and Prevention (CDC) has recommended routine HIV 

screening at Emergency Departments in the USA.12 Using different screening methods in 

different countries, prevalence of HIV infection among Emergency Department (ED) patients 

varied from 0.28% to 2.3%.13-17 Several studies have indicated that screening for HIV is 

cost-effective when the background rate of undiagnosed infections is greater than 0.1%.18-20 

In the Netherlands, with an overall background rate of HIV infection of 0.2%9, HIV screen-

ing according to an opt-out policy is already implemented at maternity clinics and sexually 

transmitted diseases (STD) clinics. To our knowledge, there is no evidence as to whether 

non-targeted HIV screening at Dutch EDs is cost-effective.

We evaluated HIV prevalence and risk factors for HIV infection at the EDs of three hospitals 

in the two largest cities in the Netherlands. Additionally, we evaluated whether this approach 

would be cost-effective.

METHODS

Setting
The cross-sectional multicenter study was performed in two Dutch tertiary referral hospitals: 

the Erasmus Medical Center (MC) in Rotterdam and the Academic Medical Center (AMC) in 

Amsterdam and one large general hospital, the Sint Franciscus Gasthuis (SFG) in Rotterdam. 

The participating hospitals are located in two big cities in the Netherlands and provide care 
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for a large inner city population. The study was conducted between August 2014 and October 

2015: eight weeks at the Erasmus MC, six weeks at the AMC and 23 weeks at the SFG.

Patients
All patients who visited the ED were informed about the study by posters and folders. Pa-

tients ≥ 18 years of age, attending the ED with scheduled blood sampling for clinical care 

were eligible and were asked to participate. Patients were included after written informed 

consent was obtained. Patients were included once in case of more than one ED visit during 

the study period. Since an additional blood sample was needed for the study, opt-out testing 

was not possible. Patients were given the choice to participate, rather than to opt-out, clas-

sifying the method as active choice.21 In case of patients who were temporarily incompetent 

to give informed consent, consent was asked for at a later stage, but within 72 hours. All 

study participants at the Erasmus MC and the SFG and a random sample of 100 study 

participants at the AMC were asked to fill in a questionnaire (in Dutch or in English) cover-

ing demographic data and items regarding previous HIV-testing, history of STDs, previous 

HIV indicator conditions such as pneumonia, herpes zoster, seborrheic eczema, tuberculosis 

and hepatitis B and C, (recreational) drug use and risk of HIV transmission. At the Erasmus 

MC, unused stored blood samples (drawn for diagnostic purposes) of patients of whom no 

informed consent could be obtained were batch-tested anonymously. These samples were not 

retraceable to patients. The study was approved by the Medical Ethical Board of the Erasmus 

MC (MEC-2014-205 / NL48384078.14 and MEC-2015-763).

laboratory HIV test
HIV testing was performed with a 3rd generation screening ELISA for HIV antibodies combined 

with an ELISA for the p24 antigen. A positive ELISA test was confirmed with a Western blot. 

When the ELISA was positive and the Western blot negative, an HIV-RNA PCR was performed. 

Screening tests were performed in each of the three participating hospitals, confirmation 

tests for the SFG were performed at the Erasmus MC. An HIV Ag/Ab assay was performed on 

Liason XL (Diasorin) at the Erasmus MC and the AMC, at the SFG an HIV Ag/Ab assay was 

performed on the Architect (Abbott).When a test result was positive, patients were informed 

by an Infectious Diseases specialist and were offered linkage to care.

Cost-effectiveness analysis
A Markov model imbedded within a decision tree was created to determine the cost-effec-

tiveness of our HIV screening program (Table S1). The total costs and quality adjusted life 

years (QALYs) were calculated for two types of patients within the Markov model over a 20 

year time horizon: for someone who never went on treatment, and for someone who initiated 

treatment when the CD4 cell count dropped below 200 cells/μl. Four disease states were 
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included: infected patients with CD4 cell count >200 cells/μl, with CD4 cell count ≤200, 

infected patients on treatment, and death (Figure S1, Table S2).

We varied the probabilities that someone would test positive at the ED and reported the 

results for each of these probabilities based on the results of our study. We ranged this 

between half of the cases we identifi ed to double the number of cases that we identifi ed. We 

assumed that the uptake of treatment of those who test positive would be 99%. All costs and 

quality adjusted life years were discounted at 3% per year. Incremental cost-effectiveness 

ratios (ICERs) below €20,000 were considered cost-effective in this analysis.22

RESulTS

HIV prevalence
A total of 7,577 patients were eligible during the study period and 3,223 patients were 

tested, resulting in an inclusion rate of 43% (Figure 1). At the Erasmus MC 600 of 1594 

eligible patients consented to participate in the study (38%), at the AMC 513 of 983 eligible 

patients (52%) and at the SFG 1,187 of 5,000 (24%). Reasons for not participating were, 

amongst others, not being able to give consent, language barrier, forgotten to ask, patient 

Figure 1. Patients included.

New HIV diagnosis  

Tested patients 

Excluded* 

Known HIV positive 

Eligible patients per center 

Eligible patients 7577 

EMC 
1594 

20 

51 

1523 

600 informed consent 

2 

923 anonymously 

AMC 
983 

14 

456 

513 

SFG 
5000 

2 

3811 

1187 

* not being able to give consent, language barrier, forgotten to ask, patient leaving the ED before being asked, 
patient coming more than once to the ED during the study period, no extra blood sample available, no result.
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leaving the ED before being asked and/or patient coming more than once to the ED during 

the study period. The baseline characteristics are shown in table 1. The median age was 57 

years and slightly more males than females were included. The majority of patients was of 

Dutch origin. First generation immigrants predominantly originated from Surinam and the 

Caribbean and other European countries.

Two patients were newly diagnosed with an HIV infection (0.03% in eligible patients and 

0.06% in tested patients), both in the Erasmus MC, and 36 patients were already known HIV-

infected and in care in an HIV treatment center. A total of 923 participants from the Erasmus 

MC without informed consent were tested anonymously and none tested HIV positive.

At the Erasmus MC and the AMC the percentage of HIV-infected patients seen at the ED 

(respectively 1.38% (22/1,594), including the two newly diagnosed) and 1.42% (14/983)) 

Table 1. Characteristics of patients included in the study.

Eligible per center EMC *
n = 1,523

AMC**
n = 513

SFG***
n = 1,187

Total
n = 3,223

Informed consent n 600 513 1,187 2,300

Tested anonymously n 923 0 0 923

Age, yrs (median; 25th -75th percentile) 56 (42-66) 57 (43-70) 58 (43-72) 57 (42-70)

Female sex, % 40 44 53 47

Questionnaire filled in 418 (70) 98 (19) 879 (74) 1395 (60)

nationality as reported in questionnaire

born in the netherlands 326 (78) 75 (77) 709 (81) 1,110 (80)

both parents Dutch 288 (88) 65 (87) 633 (89) 986 (89)

one or both parents born abroad 38 (12) 10 (13) 76 (11) 124 (11)

Immigrants 92 (22) 23 (23) 166 (19) 281 (20)

Sub Saharan African 7 (8) 2 (9) 9 (5) 18 (6)

Morocco 10 (11) 0 14 (8) 24 (9)

Surinam and Caribbean 36 (39) 13 (57) 44 (27) 93 (33)

Turkey 7 (8) 0 18 (11) 25 (9)

Asian (except Turkey) 11 (12) 3 (13) 19 (11) 33 (12)

Other European # 16 (17) 2 (9) 26 (16) 44 (16)

Other ## 5 (5) 3 (13) 36 (22) 44 (16)

Numbers are N(%) unless otherwise indicated.
*EMC = Erasmus Medical Center.
** AMC = Academic Medical Center.
*** SFG = Sint Franciscus Gasthuis.
#: Austria (N=1), Belgium (N=3), Bosnia (N=1), Croatia (N=2), Germany (N=7), Greece (N=2), France (N=1), Hungary 
(N=2), Ireland (N=1), Italy (N=4), Latvia (N=1), Lithuania (N=1), Macedonia (N=1), Norway (N=1), Poland (N=4), 
Portugal (N=4), Scotland (N=1), Serbia (N=2), Slovakia (N=1), Spain (N=2), Yugoslavia (N=2).
## other: Australia (N=1), Colombia (N=1), Egypt (N=3), Guyana (N=2), Mauretania (N=1), Mexico (N=1), Montser-
rat (N=1), Nicaragua (N=1), Tunesia (N=1) Not specified (N=31).
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was comparable. At the SFG 0.04% (2/5,000) of patients attending the ED was known 

HIV-positive.

Of all patients visiting the ED who filled in a questionnaire, 2% reported a perceived risk 

for HIV transmission and almost 20 % of all patients reported previous HIV testing (Table 2). 

Reported illicit drug use was low (3% of the population) and intravenous drug use was not 

reported at all. Symptoms of fatigue and/or weight loss were present in 41% of patients and 

29% of patients reported having had an HIV-indicator condition. Most frequently reported 

HIV-indicator conditions were pneumonia and herpes zoster. If only patients having one or 

more risk factor had been tested, the HIV prevalence would have been nearly 0.2% (2 out of 

1,151 reported risk factors).

Characteristics of newly diagnosed patients
The two newly diagnosed HIV-infected patients were both heterosexual elderly male patients 

(50 and 73 years old) from non-Dutch origin, respectively Cape Verdean and Spanish. One 

patient presented with a minor head injury, walking difficulties and bradyphrenia. His medi-

cal history was remarkable for pulmonary tuberculosis in 2006 and herpes zoster infection 

in 2013. The CD4 cell count at presentation was 0.17 x 109/L. After the HIV diagnosis, his 

cognitive dysfunction was thought to be secondary to HIV encephalitis/dementia based on 

Table 2. Reported risk factors for having HIV infection.

EMC*
N = 600

AMC**
N = 513

SFG***
N = 1,187

Total
N = 2,300

Questionnaire filled in 418 (70) 98 (19) 879 (74) 1,395 (60)

Drug abuse 12 (3) 3 (3) 31 (4) 46 (3)

Fatigue/weight loss 199 (48) 43 (44) 331 (38) 573 (41)

Indicator illness (except Hepatitis/STD) 138 (33) 31 (32) 237 (27) 406 (29)

Pneumonia 72 (52) 21 (68) 113 (48) 206 (51)

Herpes Zoster 25 (18) 8 (26) 50 (21) 83 (20)

Seborrheic eczema 5 (4) 0 17 (7) 22 (5)

Tuberculosis 10 (7) 1 (3) 8 (3) 19 (5)

Multiple 17 (12) 0 23 (10) 40 (10)

Not specified 9 (7) 1 (3) 26 (11) 36 (9)

Hepatitis b or C 14 (3) 2 (2) 10 (1) 26 (2)

STD 34 (8) 5 (5) 61 (7) 100 (7)

Previous HIV test (self-reported) 92 (22) 27 (28) 146 (17) 265 (19)

Perceived HIV risk 12 (3) 2 (2) 18 (2) 32 (2)

Numbers are N(%) unless otherwise indicated.
*EMC = Erasmus Medical Center.
** AMC = Academic Medical Center.
*** SFG = Sint Franciscus Gasthuis.
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MRI and lumbar puncture results and antiretroviral therapy was started. The second patient 

presented with cognitive dysfunction, hyponatremia, leukopenia, and thrombocytopenia. 

His medical history was remarkable for syphilis in 1984 and 1995, in 2003 he was lost to 

follow-up during analysis for neurosyphilis. In 2013 and 2014 he was diagnosed with herpes 

zoster. The CD4 cell count at presentation was 0.08 x 109/L. Cerebral MRI showed atrophy 

and white matter abnormalities, a lumbar puncture was negative for HIV virus, syphilis and 

JC virus and antiretroviral therapy was started.

Cost-effectiveness analysis
Non-targeted HIV testing at the ED is not cost-effective. Our study, where two patients out 

of 3,223 participants tested positive, led to an ICER of €77,050 per quality adjusted life year 

gained, more than triple the current Dutch threshold for cost-effectiveness. If four patients 

had tested positive, the ICER would have decreased to €70,032 per QALY gained. If just one 

patient had tested positive, testing at the ED would become far less cost-effective at €91,084 

per QALY gained. Even when testing would be targeted to those whom are demographically 

more likely to test positive (i.e. only men over the age of 45 years and of non-Dutch origin, 

like the two newly HIV-diagnosed patients), the ICERs remained above €60,000 per quality 

adjusted life year gained (Table S3).

DISCuSSIOn

We showed that it was feasible to realise an uptake of 40-50% of non-targeted HIV testing in 

two tertiary referral hospitals and one general hospital in the two largest cities of the Nether-

lands. The HIV prevalence in the population is 0.5% in Rotterdam and 0.9% in Amsterdam.9 

Although among 7577 patients visiting the ED the prevalence of HIV infection was at least 

0.5%, only two patients were newly diagnosed with an HIV infection (0.03%). Both patients 

were at risk for HIV infection and targeted or diagnostic HIV testing could have been per-

formed at an earlier stage. The non-targeted HIV testing at the ED was not cost-effective at 

more than three times the current threshold for cost-effectiveness, and suggest that targeted 

screening programs to those with identifiable risk factors may be more effective.23

In our study, patients were offered HIV testing and had an active choice to participate 

rather than to opt-out. The inclusion rate was 43%. In a randomized clinical trial, inclusion of 

patients in an opt-out strategy was 66%, nearly 15% higher than in an active choice strategy 

(51%).21 The prevalence of HIV infection in patients visiting the ED we found is in line with 

other studies, but the number of newly diagnosed patients with HIV infections (0.03%) was 

lower than found in other studies, both in the USA and in European countries.13-17,23 In the 

USA percentages of 0.52%, (range, 0.14 – 1.7%) have been reported23, 0.08% in Ireland24, 

0,14% in France25 and 0.4% in Spain26.
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Our low percentage of new HIV infections may be due to the various intervention strategies 

already implemented to increase testing rates in the Netherlands, such as opt-out screening 

among pregnant women and in STD clinics with an uptake of above 99%, guidelines for 

repeated HIV testing of MSM27, as well as internet facilities for HIV testing and partner 

notification.9 Since it is not clear what preventive strategies are implemented in the areas 

in which the non-targeted HIV testing studies were performed, results of studies cannot be 

easily compared. The same holds true for the heterogeneity of patient eligibility and how the 

screening was implemented.21 Hsieh et al. showed that HIV infections are more prevalent 

among patients who were not offered or declined HIV testing compared to those who opted-

in.15 However, in our study prevalence in the group in which no informed consent could be 

obtained was not higher than in those who opted-in.

Implementation of non-targeted screening is difficult.28-30 Barriers towards implementation 

and sustainability include costs, the effect on patients’ length of stay at ED and personnel to 

perform testing and deliver results.31-33 Therefore, targeted test strategies aimed at patients 

with identifiable risk factors have been evaluated in the USA, the United Kingdom, France 

and Spain. Two studies showed that targeted testing was associated with identification of 

more new HIV infections when compared to non-targeted testing26,30, whereas another study 

failed to demonstrate this benefit.34 In our study, 3% of the patients migrated from an HIV 

endemic area, 29% reported having had an indicator disease and only 2% of the patients 

indicated that they perceived having a risk for HIV transmission. Indeed, both the newly 

diagnosed HIV patients belonged to the high HIV risk group.

The cost-effectiveness analysis based on the identification of two patients with HIV infec-

tion resulted in an ICER of €77,050 per quality adjusted life year gained. It is likely that test-

ing for HIV in the ED is even less cost-effective than we have found. We have assumed that 

patients who are not tested at the ED will never test positive and die without a diagnosis. It is 

likely, however, that these patients would have presented and have subsequently tested posi-

tive before death, making HIV screening at the ED even less cost-effective. As it is unknown 

what would have happened to these patients if they had not been diagnosed, we have 

chosen to compare them to the worst case scenario of death without diagnosis. We also do 

not take transmission into account in this model. It is likely that patients who are diagnosed 

this late in infection have already transmitted the virus. A transmission model, therefore, 

would not be likely to change the results of this analysis. If patients are diagnosed earlier 

in infection, a transmission model would be necessary, as transmission could be prevented 

and therefore testing for HIV would become more cost-effective. Taking HIV transmission 

into account, in the United Kingdom annual HIV testing of all adults, assuming that 25% 

of people living with HIV is undiagnosed, was calculated to cost £67,000-£106,000/QALY 

gained.35 Thus, it seems that non-targeted HIV-testing will only be nearing cost-effectiveness 

when the prevalence in the population is high or the percentage undiagnosed people living 

with HIV is much higher than the 12 - 34% in the Netherlands. Of note, when annual testing 
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was only offered to MSM, patients with infectious diseases and people from HIV-endemic 

countries, with one-time testing for all other adults, costs would be £17,500/QALY gained35, 

again suggesting targeted testing is preferable from a cost-effectiveness point of view. Our 

findings indicate that in the Netherlands non-targeted HIV testing in EDs is not cost-effective 

and add to the debate that other test approaches such as targeted screening of those with 

identifiable risk factors may be more effective.23 However, all studies suggest that to identify 

a few newly diagnosed patients, thousands of patients need to be screened.23 It was finally 

shown in France that the percentage of undiagnosed HIV infections may be lower than 

expected36, again suggesting non-targeted testing is less effective than assumed.

Our study has a number of limitations. First, we were not able to estimate an exact refusal 

rate, since patients not consenting consisted of patients not being offered the test at the 

ED, patients being not able to consent and patients refusing the test. It is possible that 

the exclusion of these patients may have influenced the HIV prevalence, but our inclusion 

percentage is higher than in many other studies.23,32,33,37 Moreover, we did not find additional 

HIV infections in the 923 patients that were anonymously tested after failing to consent to 

the study. Second, it is possible that the number of known HIV patients visiting the ED is 

underestimated as not all patients were asked for their HIV status and patients can deny 

their positive status. Third, even when testing is targeted to those whom are demographically 

more likely to test positive, the ICERs remained above €60,000 per quality adjusted life year 

gained. This is due mainly to the fact that the two people in the study were diagnosed so 

late in infection (so limited prevention benefit) and finally we did not get feedback about the 

acceptability of HIV testing in this setting.

In conclusion, non-targeted HIV testing in two urban areas in the Netherlands had a low 

yield of new HIV infections and was not cost-effective. Our data suggest that targeted HIV 

testing may offer an alternative approach to decrease the number of not yet diagnosed 

people living with HIV.
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Figure s2. Markov States.
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Table S1. Markov state transition probabilities for the two evaluated scenarios: when an HIV-infected individual 
never initiates treatment, and when and HIV-infected individual initiates treatment with a CD4 cell count ≤200 
cells/μl.

Transition Probabilities

From To Transition 
Probability: 

Never going on 
treatment

Source Transition 
Probability: Going 
on treatment with 

CD4 cell count 
≤200

Source

Infected, CD4 >200 cells/μl Infected, CD4 
>200 cells/μl

0.858 38 0.858 38

Infected, CD4 >200 cells/μl Infected, CD4 
≤200 cells/μl

0.118 38 0.118 38

Infected, CD4 >200 cells/μl Infected, on 
treatment

0 Assumption 0 Assumption

Infected, CD4 >200 cells/μl Death 0.025 5,39,40 0.025 5,39,40

Infected, CD4 ≤200 cells/μl Infected, CD4 
≤200 cells/μl

0.5 38 0.48 38

Infected, CD4 ≤200 cells/μl Infected, on 
treatment

0 Assumption 0.48 Data from 
this study

Infected, CD4 ≤200 cells/μl Death 0.5 5,39,40 0.04 5,39,40

Infected, on treatment Infected, on 
treatment

0 Assumption 0.97 Assumption

Infected, on treatment Death 0 Assumption 0.03 5,39,40
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Table S2. Costs and quality adjusted life years.

State Cost Source

Infected, CD4 >200 cells/μl €1,746* 10, Local data

Infected, CD4 ≤200 cells/μl €6,365* 10, Local data

Infected, on treatment €12,987* 41, Local data

Cost of HIV testing €20 41, Local data

utility Weight

Infected, CD4 >200 cells/μl 0.88 42

Infected, CD4 ≤200 cells/μl 0.7 42

Infected, on treatment 0.94 42

Death 0 43

*Non-ART direct medical costs associated with different HIV disease states. Estimated from Dutch HIV Monitoring 
Data.

Table S3. Results of cost-effectiveness analysis: based on the probability and uncertainty of testing positive for HIV 
at the emergency department.

Testing Scenario Probability of testing 
positive

Cost-effectiveness ratio of testing at 
the emergency department versus 
not testing

Testing all emergency department 0.0006 (0.0012-0.0003) €77,050 (€70,032-€91,084)*

Testing only males at emergency department 0.001 (0.002-0.0005) €70,445 (€66,730-€77,876)*

Test just non-Dutch at emergency department 0.004 (0.007-0.002) €65,421 (€64,218-€67,826)*

*Ranges correspond to the ranges in the probabilities.


