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Abstract

Background—Describing the undiagnosed HIV-infected population is essential for guiding HIV 

screening policy, implementing interventions and resource planning.

Methods—We used French national HIV surveillance data and a back-calculation approach to 

estimate the number of undiagnosed HIV-infected individuals in France and the distribution of 

time since HIV infection among undiagnosed individuals. We also used data on CD4 cell count 

decline to assess the CD4 count distribution among undiagnosed individuals.

Results—We estimated that 29,000 (95% confidence interval (CI): 24,200–33,900) individuals 

were living with undiagnosed HIV infection at the end of 2010. Of these, 28.7% (95% CI: 27.1–

30.4) were infected less than a year ago, 16.4% (95% CI: 15.0–17.8) more than 5 years ago, and 

59.6% (95% CI: 59.2–59.8) were eligible for anti-retroviral treatment (CD4<500/μL) according to 

the 2010 French guidelines. Men represented 70.0% of the undiagnosed HIV-infected individuals 

and had lower CD4 cell counts than women. The numbers of undiagnosed infections in men who 

have sex with men (MSM), non French-national heterosexuals and French-national heterosexuals 

were similar (9,200, 9,300, 10,000, respectively). However, due to differences in group size, 

undiagnosed HIV prevalence varied significantly between these groups (2.95%, 0.36%, 0.03%, 

respectively; p<0.001).

Conclusions—Our findings suggest that i) many undiagnosed HIV-infected individuals were 

eligible for treatment and thus lack of HIV diagnosis is a lost chance for them; ii) many more 

heterosexuals than MSM will need to be tested to find those undiagnosed; iii) universal screening 
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of men may be cost-effective, especially in the areas most affected by the epidemic, such as the 

Paris region.
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Introduction

Despite the advent of effective combination anti-retroviral treatment (cART), the HIV 

epidemic continues to spread [1]. Studies have shown that the majority of new HIV 

transmissions may originate from individuals who are unaware of their HIV infection [2, 3]. 

This may be due to higher infectiousness, because of elevated viral load at the time of HIV 

seroconversion [4], and more frequent high-risk practices among undiagnosed than 

diagnosed HIV-infected individuals [5]. Undiagnosed individuals are also at risk of delayed 

diagnosis and thus might not benefit from timely initiation of cART and experience HIV-

related morbidity and premature mortality [6, 7]. Therefore, screening for the undiagnosed 

HIV-positive individuals is key to turning the tide on HIV transmission and reduce mortality 

[8].

Until recently, in most settings, including France, voluntary testing was the mainstay of HIV 

screening [9]. This involves individuals actively seeking HIV testing at a health or 

community-based facility; only pregnant women are systematically offered an HIV test 

during their initial prenatal medical visit. To reduce undiagnosed HIV infection, many 

countries have revised or consider revising their screening guidelines toward universal 

testing [10–12]. Particularly, the French National Authority for Health recommends [11] at 

least one HIV test in a lifetime for everyone aged 15 to 70, in addition to annual testing for 

men who have sex with men (MSM), intravenous drug users (IDUs), and heterosexuals from 

sub-Saharan Africa and the Caribbean who have multiple partners. HIV testing tools and 

strategies are numerous. To choose the most appropriate and cost-effective strategy, health 

care planners need to know the number and characteristics of individuals living with 

undiagnosed HIV. However, these data cannot be directly observed.

Mathematical modeling, such as back-calculation models, can be used to get insights on the 

undiagnosed HIV-infected population (also called hidden epidemic in the following) [13–

15]. The back-calculation method uses surveillance data on new HIV diagnoses together 

with the distribution of time from infection to diagnosis, to work backwards and infer the 

number of HIV infections that occurred over time to reproduce the observed number of new 

HIV diagnoses [16]. The estimated number of HIV infections can then be projected forward 

to unravel the size of the hidden epidemic. Here we used this method to estimate the size of 

the hidden epidemic in France at the end of 2010 as well as the distribution of time since 

HIV infection among undiagnosed individuals. Then, we combined these estimates with data 

on the natural history of CD4 cell counts among HIV-infected patients [17] to estimate the 

distribution of CD4 counts among undiagnosed individuals.
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Methods

In France, mandatory nationwide reporting of new HIV diagnoses was implemented in 

2003. Data on new HIV diagnoses, including date of diagnosis, demographic information 

(sex and nationality), HIV exposure group, and clinical status at diagnosis (primary 

infection, asymptomatic or AIDS) have since been recorded in a national database [18]. In a 

previous study [19], we used data on new HIV diagnoses and a new back-calculation model 

to estimate both HIV incidence and distribution of time from infection to diagnosis among 

each HIV exposure group in France over the 2004–2007 period. Specifically, we used the 

numbers of reported new HIV diagnoses, adjusted for both delay in reporting and under-

reporting, and data on the clinical status at HIV diagnosis to disentangle the contributions to 

observed new HIV diagnoses made by HIV incidence and time-varying rates of diagnosis.

Estimation of the number of undiagnosed HIV-infected individuals

In this study, we projected forward the HIV incidence (shown in Figure S1 of the 

Supplementary Material) according to the distribution of time from infection to diagnosis to 

estimate the number of undiagnosed HIV-infected individuals at the end of 2010. 

Specifically, from the number of newly HIV-infected individuals at each point in time, we 

estimated those who were still undiagnosed at the end of 2010, using the cumulative 

probabilities of not being diagnosed with HIV over time; these probabilities were calculated 

from the distribution of time between infection and diagnosis (Figure S2). To estimate the 

number of undiagnosed individuals at the end of 2010, we made the following assumptions. 

First, we only projected forward the incidence between 2000 and 2010, because the 

cumulative probabilities of not being diagnosed eleven years after being infected were small 

(<0.05) (Figure S2). Hence, we assumed that all individuals who acquired HIV before 2000 

were already diagnosed by the end of 2010.

Second, the HIV incidence between 2000 and 2010 was determined by extrapolating our 

findings for the 2004–2007 period. In the baseline scenario, we assumed that yearly HIV 

incidence between 2000 and 2003 was equal to its level in 2004 and yearly HIV incidence 

between 2008 and 2010 was equal to its level in 2007 (Figure S1). We also assumed that the 

distribution of time from infection to diagnosis for individuals infected between 2000 and 

2003 (respectively 2008 and 2010) was equal to that of individuals infected in 2004 

(respectively 2007). These assumptions are plausible since incidence and time from 

infection to diagnosis were shown to remain stable between 2004 and 2007 [19]. 

Nevertheless, we explored other scenarios in sensitivity analyses. We considered midpoint, 

best-case, and worst-case scenarios. In the midpoint scenario, values for the HIV incidence 

were extrapolated from a linear regression of the incidence data for the 2004–2007 period. 

In the best-case scenario, we assumed that yearly HIV incidence between 2008 and 2010 

was 20% lower than its level in 2007, while in the worst-case scenario, we assumed it was 

20% higher; in both scenarios yearly HIV incidence between 2000 and 2003 was assumed to 

be equal to its level in 2004. We considered these two last scenarios as extreme situations, 

since there is no data to support that, in France, HIV incidence has either decreased or 

increased after 2007. We also considered a fourth scenario to study the sensitivity of the 

results to assumptions made on incidence levels before 2004. In this scenario, we assumed 
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that yearly HIV incidence between 2000 and 2003 was 20% higher than its level in 2004 and 

yearly HIV incidence between 2008 and 2010 was equal to its level in 2007.

Upper and lower bounds of the 95% confidence intervals (CI) of the number of HIV-

infected individuals still undiagnosed by the end of 2010 were obtained by projecting 

forward two thousand bootstrap estimates of the HIV incidence curve using the 

corresponding distributions of time from infection to diagnosis, obtained in our previous 

study [19].

All numbers were rounded to the nearest hundred. We then calculated HIV undiagnosed 

prevalence by gender and HIV exposure group at the end of 2010. The denominators used 

for prevalence calculations were based on population size (aged 18–64) estimates in 2010 

from the National Institute of Statistics and Economic Studies [20], the latest national survey 

on sexual behavior in France [21] and a report on the prevalence of drug use in France [22].

Distribution of time since HIV infection among undiagnosed individuals

From these projections, we obtained the numbers of undiagnosed individuals at the end of 

2010 stratified by time since HIV infection. These numbers was then used to calculate the 

proportion of undiagnosed individuals infected for less than a year, 1 to 5 years and more 

than 5 years; we defined recent infection as being infected for less than a year and old 

infection as being infected for more than 5 years. Ninety-five percent CI for these 

proportions were obtained from the two thousand projections.

Distribution of CD4 cell counts among undiagnosed individuals

We then estimated the distribution of CD4 cell counts among undiagnosed individuals using 

the numbers of undiagnosed individuals stratified by time since HIV infection and data on 

CD4 cell count decline from cART-naïve HIV-infected individuals [17]. CD4 cell count 

distributions at 1, 2, and 5 years after seroconversion were previously estimated using 

CASCADE data from cART-naive individuals with well-estimated dates of HIV 

seroconversion from Europe, Australia, and Canada [17]. For the present study, proportions 

of individuals with CD4 i) <200, ii) 200–350, iii) 350–500 and iv) ≥500 cells/mm3 (and 

95% corresponding CI) at 0.25, 0.5, 0.75, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 years after HIV 

seroconversion were estimated using the same methodology and dataset (personal 

communication SL; Figure S3).

To estimate the distribution of CD4 cell counts among undiagnosed individuals, we 

proceeded as follows. First, for each stratum of time since HIV infection, we randomly 

sampled a set of proportions of individuals having CD4 counts i) <200, ii) 200–350, iii) 

350–500 and iv) ≥500 cells/mm3, based on their mean estimates and 95% CI (Figure S3). 

Second, we multiplied the random sample by the number of undiagnosed individuals in the 

corresponding stratum. Third, we aggregated the results over the time since infection and 

obtained the proportions of undiagnosed individuals with CD4 counts i) <200, ii) 200–350, 

iii) 350–500 and iv) ≥500 cells/mm3 at the end of 2010. Ninety-five percent CI for these 

proportions were derived from the two thousand projections.
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Chi-square tests were used to detect differences between proportions. Data analyses were 

performed using Matlab, R2010b.

Results

Under the baseline scenario, we estimated that 83,800 (95% CI: 76,000–91,300) individuals 

were newly infected with HIV between 2000 and 2010 in France (Figure S1). Of these 

individuals, 29,000 (24,200–33,900) remained undiagnosed by the end of 2010 (Table 1); 

70.0% were men. MSM made up 31.7% of all undiagnosed individuals, heterosexuals with 

French nationality 34.5%, non French-national heterosexuals 32.1%, and IDUs 1.7%. 

Undiagnosed HIV prevalence (Table 1) varied significantly by gender and exposure group 

(p<0.001). The prevalence among men was 10 per 10,000, more than twice the prevalence 

for women (4 per 10,000). Among exposure groups, MSM had the highest prevalence (295 

per 10,000), followed by IDUs (62 per 10,000). Undiagnosed HIV prevalence among non 

French-national heterosexuals and French-national heterosexuals were 36 per 10,000 and 3 

per 10,000, respectively, 8 and 98 times lower than that among MSM.

We estimated that 28.7% (27.1–30.4) of undiagnosed individuals had been infected for less 

than a year and�16.4% (15.0–17.8) for more than 5 years (Figure 1). The distribution of 

time since HIV infection among undiagnosed individuals varied significantly by gender and 

exposure group (p<0.001). Compared to women, men had a higher proportion of individuals 

with old infections (i.e., acquired >5 years ago), 18.2% (16.5–19.8) for men versus 12.2% 

(11.2–13.3) for women. Proportions of individuals with old infections were 21.4% (18.1–

24.4) among French-national heterosexual men, 19.2% (16.8–21.4) among non French-

national heterosexuals, 19.1% (13.7–24.6) among IDUs, 15.3% (12.3–16.8) among MSM, 

13.7% (12.1–15.6) among French-national heterosexual women and 10.9% (9.8–12.4) 

among non French-national heterosexual women. Proportions of individuals infected for less 

than a year were higher for non French-national heterosexual women (32.4% (29.6–35.7)) 

and MSM (31.5% (28.1–33.9)) compared to heterosexual men (26.2% (23.3–30.2) among 

non French-nationals and 25.0% (21.7–29.0) among French-nationals).

The CD4 cell count distribution of undiagnosed individuals is depicted in Figure 2. We 

estimated that 59.6% (59.2–59.8) of undiagnosed individuals had CD4 <500 cells/μL. 

Among them, a third had CD4 counts between 350 and 500 cells/μL, another third between 

200 and 350, and the rest had CD4 <200 cells/μL. Distributions of CD4 counts varied by 

gender and exposure group (p<0.001). The main differences were found in the proportion of 

individuals with high CD4 counts (≥500 cells/μL) and low CD4 counts (<200 cells/μL). 

Compared to women, men had a lower proportion of individuals with high CD4 counts 

(38.2% (37.4–38.9) versus 45.8% (45.3–46.2)) and a higher proportion of individuals with 

low CD4 counts (21.4% (20.6–22.3) versus 14.5% (14.2–14.8)). Among exposure groups, 

heterosexual men, whether French or non French-nationals, had the lowest proportion of 

individuals with high CD4 counts (35.2% (34.2–36.2) and 35.6% (34.7–36.5), respectively) 

and the highest proportion of individuals with low CD4 counts (24.1% (20.8–25.3) and 

23.4% (22.3–24.4), respectively), while non French-national heterosexual women combined 

both the highest proportion of individuals with high CD4 counts (46.5% (45.6–47.2)) and 

the lowest proportion of individuals with low CD4 counts (13.8% (13.3–14.4)).

Supervie et al. Page 5

AIDS. Author manuscript; available in PMC 2014 December 11.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



The results from our sensitivity analysis are reported in Table 2. Assuming a linear trend for 

HIV incidence outside the 2004–2007 period (midpoint scenario) or assuming that yearly 

HIV incidence between 2000 and 2003 was 20% higher than that in 2004 and constant 

between 2007 and 2010 (scenario 4) led to very similar estimates of the size of the hidden 

epidemic (Table 2) than those obtained under the baseline scenario (Table 1). Assuming that 

HIV incidence was constant between 2000 and 2004 and either 20% lower or 20% higher 

between 2008 and 2010 than its level in 2007 (best-case and worst-case scenarios, 

respectively) changed the estimated number of undiagnosed individuals by 11% (Tables 1 

and 2). The percentage of undiagnosed individuals infected for less than a year varied from 

26.0% (24.5–27.7) (best-case scenario) to 30.8% (29.1–32.5) (worst-case scenario), while 

the percentage of undiagnosed individuals infected for more than 5 years varied from 14.6% 

(13.3–15.9) (worst-case scenario) to 18.5% (17.0–20.0) (best-case scenario). The percentage 

of undiagnosed individuals with CD4 counts <500 cells/μL varied from 58.8% (58.3–58.9) 

(worst-case scenario) to 60.6% (60.1–60.8) (best-case scenario).

Discussion

Using mathematical modeling, we estimated that 29,000 (24,200–33,900) individuals were 

living with undiagnosed HIV infection at the end of 2010 in France. Of these, 70% were 

men. The numbers of MSM, non French-national heterosexuals and French-national 

heterosexuals with undiagnosed HIV infection were similar (9,200, 9,300 and 10,000, 

respectively). However, due to differences in the size of the HIV exposure groups, 

undiagnosed HIV prevalence varied significantly between exposure groups (295 per 10,000 

for MSM, 36 per 10,000 for non French-national heterosexuals and 3 per 10,000 for French-

national heterosexuals). This implies that many more heterosexuals than MSM will need to 

be tested to find those undiagnosed. IDUs made up only 1.7% of the estimated size of the 

hidden epidemic but had the second highest HIV undiagnosed prevalence (62 per 10,000).

We found that more than 70% of individuals had lived with undiagnosed HIV infection for 

more than a year and 16% for more than five years. The proportion of old infections (>5 

years) was remarkably high among heterosexual men and IDUs. We also found, that almost 

60% of undiagnosed HIV-infected individuals had CD4 counts below 500 cells/μL, and 

were thus eligible for cART according to the 2010 French guidelines [23], and around 20% 

had advanced HIV disease (CD4 count <200 cells/μL) [24]. This latter proportion is 

alarming since a recent study showed that, in France, patients presenting for care with CD4 

counts below 200 cells/μL were thirteen times more likely to die from HIV within the next 6 

months after enrolment than patients presenting with CD4 counts above 200 cells/μL [7].

The strengths of our back-calculation approach are that i) it requires only routinely collected 

data from HIV/AIDS surveillance systems, ii) it can be easily updated as new data become 

available, and iii) it provides estimates of the size of the hidden epidemic, stratified by HIV 

exposure group, together with characteristics of individuals living with undiagnosed HIV 

infection, such as the time since infection. Furthermore combining these estimates with data 

on the natural history of CD4 cell counts among HIV-infected patients allows estimating the 

distribution of CD4 cell counts among undiagnosed individuals.
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Our approach makes several modeling assumptions subject to limitations. To estimate the 

number of undiagnosed HIV infections at the end of 2010, we assumed that all individuals 

who acquired HIV before 2000 were diagnosed by the end of 2010 and neglected the pre-

HIV diagnosis mortality. These assumptions may have led to underestimating the size of the 

hidden epidemic, especially among IDUs for whom overdose remains a main cause of death. 

In addition, we assumed that HIV incidence and time from infection to diagnosis were stable 

over the periods 2000–2004 and 2007–2010. These assumptions were based on previous 

findings [19], showing that both incidence and time from infection to diagnosis were stable 

over the 2004–2007 period, and supported by HIV surveillance data and screening policies; 

both the number of newly diagnosed HIV cases and their clinical stage at diagnosis (i.e. the 

proportion of primary infection, asymptomatic and AIDS cases among newly diagnosed 

HIV cases) remained stable between 2007 and 2010 [25] and French screening policies 

remained unchanged until November 2010, when the National HIV and STI Plan for 2010–

2014 was released [26]. Although these assumptions may be arguable, we showed that our 

estimates are quite robust to these assumptions via a sensitivity analysis. Furthermore, our 

overall estimate of the size of the hidden epidemic is in agreement with the estimates of 

29,008 (95% CI: 11,603–70,958) undiagnosed HIV infections recently reported by Cazein et 

al. [27], who used different data and methodology. This also suggests that our hypotheses 

are reasonable.

To determine CD4 cell counts of undiagnosed HIV-infected individuals, we used 

longitudinal CD4 count data from a cohort of diagnosed HIV-infected patients with well-

estimated dates of HIV seroconversion [17]. This may have led to some bias since 

seroconverters cohorts may not be representative of the HIV infected population due to the 

circumstances resulting in repeated testing and increased perception of their risk of HIV 

infection. Nevertheless, a recent study from CASCADE [28] has reported no evidence of a 

difference in CD4 count decline between seroconverters and seroprevalent HIV patients 

(i.e., patients with unknown date of seroconversion). Therefore, we believe that this 

potential bias is unlikely to invalidate our results. In addition, we assumed that CD4 cell 

count decline was similar for non French-national and French-national heterosexuals. 

However, it has recently been showed [29] that African HIV-infected migrants reach 

CD4≤350 cells/mm3 approximately 1.5 years earlier than non-African European. Therefore, 

we might have overestimated CD4 cell counts among non French-national heterosexuals.

Findings from our study may help interpreting HIV screening surveys. For example, in a 

recent French survey evaluating the relevance of non-targeted screening in emergency 

departments [30], all individuals newly diagnosed with HIV were fond to belong to a high-

risk group (i.e. MSM and non French-nationals heterosexuals) and no new HIV-positive 

cases were discovered among the 8,430 French heterosexuals tested. The investigators of 

this survey found their results unexpected and concluded that that there was no hidden 

epidemic among French heterosexuals and thus non-targeted screening had modest public 

health impact [30]. However finding zero cases out of 8,430 tested individuals results in a 

95% CI for the undiagnosed HIV prevalence between 0 and 4 per 10,000. This is in 

agreement with our estimated prevalence ranging from 2 to 4 per 10,000 for French 

heterosexuals and thus compatible with a number of undiagnosed HIV infections among 

Supervie et al. Page 7

AIDS. Author manuscript; available in PMC 2014 December 11.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



French heterosexuals between 0 and 13,900. Therefore, according to our estimates, the 

survey did not screen enough French heterosexuals to support the conclusion of the authors.

Our estimates may also help guiding the implementation of new HIV screening strategies. 

We found that the overall undiagnosed HIV prevalence was 0.07% (0.06–0.09), which is 

below the 0.10% threshold for a HIV screening strategy to be cost-effective in France [31]. 

Therefore, according to current estimates, universal screening of the whole French 

population would not be cost-effective. This finding will, however, need to be re-evaluated 

in the future for two reasons. First, the threshold value of 10%, for a screening strategy to be 

cost-effective in France, was estimated before 2010 and under conservative assumptions 

(e.g. high cost of HIV screening) [31]. Second, the size of the hidden epidemic may have 

changed since 2010. Indeed, the estimated annual number of individuals newly infected with 

HIV [19, 32] was always higher than the observed annual number of individuals newly 

diagnosed with HIV [25] by at least 500 between 2003 and 2008, the last time period where 

HIV incidence was estimated. Therefore, if similar trends in HIV incidence and newly 

diagnosed HIV cases had occurred after 2010, the number of undiagnosed HIV-infected 

individuals could have increased since 2010.

As expected, we found that screening strategies targeted toward specific high-risk group 

would be cost-effective. Interestingly, universal screening of men, who represent 70% of the 

hidden epidemic, could also be cost-effective since undiagnosed HIV prevalence among 

men was estimated at 0.10% (0.09–0.13). Universal screening of men could have the 

additional benefit to reduce stigma associated with targeted screening and improve the 

acceptability of HIV testing of migrant men, as it was shown to be the case for migrant 

women in antenatal care [33]. While targeted screening of MSM have shown promising 

results in France [34, 35], targeted screening may be more difficult to implement toward 

migrants, who may be more difficult to reach, because of language and cultural barriers [33]. 

Finally, universal screening of men is likely to be more cost-effective if implemented in high 

HIV prevalence settings such as the metropolitan area of Paris [30, 36].

In summary, our study suggests that 29,000 individuals living with HIV remained 

undiagnosed in France in 2010 and the vast majority of them were eligible for treatment. 

New screening strategies to reach out undiagnosed individuals are needed in order to reduce 

HIV transmission [3] and ensure timely access to HIV care for these individuals [7]. Finally, 

universal screening of men could be cost-effective in the areas most affected by the 

epidemic, such as the metropolitan area of Paris, and thus should be further evaluated.
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Figure 1. 
Estimated distributions of time since HIV infection among undiagnosed HIV-infected 

individuals at the end of 2010 in France. Vertical lines within bars represent 95% confidence 

intervals. MSM: men who have sex with men; IDUs: injecting drug users.
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Figure 2. 
Estimated distributions of CD4 cell counts among undiagnosed HIV-infected individuals at 

the end of 2010 in France. Vertical lines within bars represent 95% confidence intervals. 

MSM: men who have sex with men; IDUs: injecting drug users.
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