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   Questions 

 • How do we know how many people are living with undiagnosed HIV infection?

 • What population groups make up people living with undiagnosed HIV infection?

   Key Take-Home Messages

 • At the end of 2016, the Public Health Agency of Canada 
estimated that 14% of 63,110 individuals living with HIV in 
Canada were undiagnosed (1).

 • Different types of data can be used across a variety of 
methodologies to estimate the undiagnosed proportion of 
people living with HIV (2, 3).

 • The proportion of individuals living with HIV in Canada who 
were undiagnosed in 2016 was estimated using a complex 
statistical method known as “back-calculating”, which 
requires reliable data on HIV diagnoses and deaths from 
previous years (4).

 • Of the 21% of people living with HIV in Canada in 2014 who 
were undiagnosed, approximately 18% were attributed to 
the men who have sex with men exposure category, 20% to 
injection drug use, and 28% to heterosexual contact (5).
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   The Issue and Why It’s Important

In Canada, the estimated prevalence rate of HIV at the end of 2016 
was 173 per 100,000 population (1). This prevalence estimate refers 
to the number of individuals living with HIV who are diagnosed 
and undiagnosed at a given time (1, 6). In addition to providing HIV 
prevalence data, the Public Health Agency of Canada (PHAC) also 
provides estimates for the undiagnosed proportion, which refers 
to people living with HIV who have not been diagnosed and are 
therefore unaware of their HIV-positive status (5). People living with 
HIV may be undiagnosed due to the nature of the virus, as symptoms 
may not appear at the time of infection (2, 7). Undiagnosed HIV 
infection is problematic as individuals who are unaware that they 
are HIV-positive cannot benefit from highly effective treatment 
and may unknowingly transmit the virus (1, 8). At the end of 2016, 
PHAC estimated that 14% (one in seven) of individuals living with 
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HIV in Canada were undiagnosed (1).

Figures reflecting the prevalence of HIV and the undiagnosed 
proportion are imprecise; however, there are several benefits to 
producing updated estimates (2). Prevalence data are crucial to 
building the first two stages of the HIV continuum of care (9), a tool 
used to model the number of individuals: living with HIV, diagnosed 
with HIV, linked to care, retained in care, being on antiretroviral 
treatment, and being virally suppressed (10). Prevalence estimates 
also allow for Canada and other nations to measure progress on the 
90-90-90 global HIV targets established by the United Nations (9), 
where the first “90” is a target referring to the percent of people 
living with HIV who will know their status by 2020 (11). At the end of 
2016, PHAC estimated that 86% of all people in Canada living with 
HIV were aware of their status (1). Additionally, estimating the burden 
of HIV is important as this number informs resource allocation such 
as treatment needs (2, 4, 9) and intervention approaches, such as 
screening strategies (9) and testing practices (2).

Evidently, estimating the prevalence of HIV and the proportion of 
individuals who remain undiagnosed is beneficial. However, this 
number may be the most challenging stage of the care continuum to 
estimate (12). Indeed, one might ask how the undiagnosed proportion 
can be estimated when the individuals living with HIV themselves are 
unaware of their HIV status. This review attempts to answer this 
question by providing a general overview of methodologies used 
by epidemiologists, statisticians, and other health professionals to 
calculate estimates of people living with HIV who are undiagnosed. 
Various methods are described and estimates of the undiagnosed 
proportion in Canada are provided.

   What We Found

Methodologies for estimating the number of people 
living with HIV

There are several methods used to estimate the number of people 
living with HIV in a given jurisdiction (2). One article reviewing 
the data sources, methodology, and comparability of HIV care 
continuums found that cascades that reported undiagnosed HIV-
infection (n=7) used different sets of data and employed methods 
that were not comparable (3).

The Working Group on Estimation of HIV Prevalence in Europe 
describes three main approaches for estimating the number of 
undiagnosed individuals living with HIV: methods that are based 
on calculating cumulative incidence of HIV, methods based on CD4 
cell count, and methods based on prevalence surveys (2).  The first 
approach (i.e. methods based on reporting of HIV/AIDS diagnoses 
involving calculation of cumulative incidence of HIV) is described in 
more detail as this is the approach PHAC used to estimate figures 
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for Canada in 2016 (1, 13). Note that there does not appear to be 
a “gold standard” for calculating estimates of the undiagnosed 
proportion; each method has benefits and drawbacks (2, 14), and 
various assumptions are made to arrive at each estimate (2).

Methods based on cumulative incidence of HIV

This approach is based on a method known as back-calculation, a 
statistically complex method that requires reliable data on past HIV 
diagnoses and deaths (4). The method is based on the concept that 
new diagnoses are from infections that happened in the past (15). 
While infection and diagnosis do not occur simultaneously, some 
individuals are diagnosed sooner than others. Back-calculation 
therefore assumes that new diagnoses of HIV or AIDS can be used 
to determine historical incidence. The back-calculation method 
has several mathematical variations (2). As mentioned previously, 
one review of HIV care cascade methodologies found that cascades 
including estimates of undiagnosed HIV (n=7) each utilized a 
different variation of the back-calculation method (3). 

Back-calculation was initially used at the beginning of the HIV 
epidemic; AIDS incidence data was used to “back-calculate” the 
number of individuals previously infected (16, 17). During this time, 
effective treatment was not available; the virus took its course, and 
over time, progressed to AIDS (18). By using the number of reported 
AIDS cases from each year and the assumed length of time from 
HIV infection to AIDS (i.e. the incubation period), estimating the 
number of individuals who acquired the virus in each previous year 
was possible (19). Furthermore, if accurate data on the aggregate 
number of HIV-related deaths was available, estimating the 
prevalence of HIV by using the number diagnosed with HIV made 
it possible to estimate the number of undiagnosed individuals (2).

However, with the advent of antiretroviral therapy, life expectancy 
among people living with HIV has increased (20). Today, it is 
estimated that individuals living with HIV on antiretroviral therapy 
in the U.S. and Canada have a life expectancy similar to that of 
the general population (21). As a result, back-calculation based on 
new AIDS cases could no longer produce reliable estimates, as the 
incubation period became more challenging to calculate (2, 19). 
Therefore, using this method with current AIDS diagnostic data 
would likely not produce accurate estimates (19).

In the early 2000s, authors began to incorporate the number of 
HIV diagnoses into back-calculation models to improve precision 
(22, 23). Today, back-calculating models utilize HIV diagnoses in 
addition to other types of data (e.g. biological assays) to estimate the 
undiagnosed proportion, and there are several variations (2). These 
include the Cambridge method, the Atlanta method, the Ottawa/
Sydney method, the Paris method, and the Bordeaux method (2, 
24). A more recent, simplified back-calculation method from the 
University of Washington relies on a testing history model (12).
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The Ottawa/Sydney method (also referred to in the literature 
as extended back-calculation or modified back-projection) is a 
mathematical modelling technique that utilizes national HIV/AIDS 
surveillance data to produce estimates (1). These kinds of models 
simulate real-life circumstances by using equations to predict 
future trends (25). PHAC used statistical modelling to estimate HIV 
incidence, prevalence, and the 90-90-90 measures for Canada for 
2016 (1).

This modified back-calculation method requires two kinds of 
data: HIV and AIDS diagnostic data, and the proportion of recent 
infections among newly diagnosed individuals (1). As surveillance 
data can only record the date of diagnosis and not the date of 
infection, a mathematical model is used to estimate the trend of 
past infections over time until the present (1). Using this trend of 
past HIV infections, the model projects forward, calculating the 
expected number of HIV diagnoses (1).

Once the trend of the number of infections over time has been 
estimated, HIV incidence estimates for all years are added together 
to calculate the cumulative HIV incidence (1). Prevalence for the 
most recent year is calculated by subtracting the estimated total 
mortality of people living with HIV from the cumulative incidence 
(1). Finally, the number of undiagnosed infections among people 
living with HIV is calculated by subtracting the number of diagnosed 
individuals living with HIV from the prevalence (1). To estimate the 
first measure in the 90-90-90 targets, the number of diagnosed 
people living with HIV is divided by the prevalence (1).

An in-depth explanation of the mathematical formulations, data 
assumptions, and algorithms this technique employs can be found 
by reviewing a 2009 publication by Yan et al., Using HIV diagnostic 
data to estimate HIV incidence: Method and simulation (13).

Methods based on CD4 cell count

CD4 cells are white blood cells that are targeted by HIV, and 
subsequently destroyed (26). Therefore, the CD4 count (measured 
in cells per cubic millilitre of blood, cells/mm3) is a useful indicator 
for people living with HIV; it reveals the health of the immune 
system and provides information about disease progression (27). If 
someone is living with HIV and does not take HIV treatment, their 
CD4 count will decrease over time, and their risk for developing 
illness will increase (27).

The underlying concept in the CD4 count approach is that individuals 
living with undiagnosed HIV will eventually develop HIV-related 
symptoms, present for care, and be diagnosed with HIV (4). If the 
CD4 count is recorded at diagnosis, it is possible to approximate 
when they were infected with HIV based on CD4 depletion data 
collected from cohort studies.
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The publication from the Working Group on Estimation of HIV 
Prevalence in Europe outlines two methods that use CD4 cell 
counts to estimate the undiagnosed proportion — London method 
1 and London method 2 (2). However, since the publication of that 
review in 2011, it appears that other novel methods using CD4 cell 
counts have emerged that also use CD4 depletion data to calculate 
the undiagnosed proportion (28, 29). The commonalities among all 
these methods is the use of CD4 count data obtained from cohorts 
of people living with HIV, such as CASCADE, a cohort that includes 
more than 21,000 people living with HIV drawn from over 300 
clinics from Europe, Canada, Australia, and Africa (30). 

One study that employs a variation of the London method 1 estimates 
the undiagnosed proportion (4). The authors elaborate on the logic 
and assumptions of this method in detail. The method requires 
surveillance data on numbers of new HIV diagnoses with HIV-
related symptoms, and the CD4 count at diagnosis. The CD4 count-
specific rate at which HIV-related symptoms develop are estimated 
from cohort data, and 95% confidence intervals can be constructed 
using a simple simulation method (4). The method is straightforward 
to implement within a short period once a surveillance system of all 
new HIV diagnoses, which collects data on HIV-related symptoms 
at diagnosis, is in place. It is most suitable for estimating the number 
of undiagnosed people with CD4 count <200 cells/mm3 due to the 
low rate of developing HIV-related symptoms at higher CD4 counts 
(4).

Methods based on prevalence surveys

There are two methods used in this approach – the direct method, 
and the multiparameter evidence synthesis method (MPES) (2). First 
used in 1994 (31), the direct method estimates prevalence of HIV by 
risk category (e.g. injection drug use) and the estimated population 
size of the risk category (2, 32). Estimates across all risk categories 
are then added together to produce the number of people living 
with HIV (2). Currently, UNAIDS uses software called Spectrum 
(33), a collection of models used to project future trends in HIV 
and AIDS based on the direct method (2). The second approach, 
MPES, is similar, but it synthesizes diverse types of data and 
performs statistical triangulation in order to ensure that estimates 
are consistent (34).

Estimates by exposure category: Canada

As previously stated, PHAC estimates that 14% of 63,110 individuals 
living with HIV in Canada were undiagnosed at the end of 2016  
(1). However, the publication containing these statistics does not 
describe the exposure categories that contributed to the proportion 
of undiagnosed individuals.

A similar document using data from the end of 2014 describes the 
undiagnosed proportion in three exposure categories: men who 
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have sex with men, injection drug use, and heterosexual contact 
(5). At the end of 2014, 21% of people living with HIV in Canada 
were undiagnosed; of this, approximately 18% of infections among 
undiagnosed individuals were attributed to the men who have sex 
with men exposure category, 20% to injection drug use, and 28% to 
heterosexual contact (5).

    Factors That May Impact Local 

Applicability 

This review is a general presentation of the different methods used 
when calculating the proportion of undiagnosed among people 
living with HIV. It is not intended to be a comprehensive overview of 
assumptions, models, and equations. Additionally, it is important to 
consider if the quality of the available data is appropriate for a chosen 
method, as some methods require robust data sets. Therefore, the 
methods presented may not be suitable for jurisdictions that do not 
collect pertinent HIV surveillance data.

   What We Did

We searched Medline (including Epub Ahead of Print, In-Process 
& Other Non-Indexed Citations) using a combination of text terms 
(HIV and estimate* and undiagnosed). All searches were conducted 
on November 13, 2018 and results limited to English articles without 
publication date restrictions. Reference lists of identified articles 
were also searched. The search yielded 314 references from which 
34 were included.

Rapid Response: Evidence into Action 
The OHTN Rapid Response Service offers quick access to research evidence to help inform decision making, service delivery and advocacy. 
In response to a question from the field, the Rapid Response Team reviews the scientific and grey literature, consults with experts, and pre-
pares a brief fact sheet summarizing the current evidence and its implications for policy and practice.
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