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Abstract 

Objective:  In 2014, the Joint United Nations Program on HIV and AIDS (UNAIDS) and partners set the ‘90-90-90 
targets’. Many countries are facing the challenge of estimating the first 90. Our objective was to propose an alternative 
modelling procedure, and to discuss its usefulness for taking into account duplication.

Results:  For deduplication, we identified two important ingredients: the probability for an HIV+ person of being 
re-tested during the period and average number of HIV+ tests. Other adjusted factors included: the false positive 
probability; the death and emigration probabilities. The uncertainty of the adjusted estimate was assessed using the 
plausibility bounds and sensitivity analysis. The proposed method was applied to Cameroon for the period 1987–
2016. Of the 560,000 people living with HIV estimated from UNAIDS in 2016; 504,000 out to know their status. The 
model estimates that 380,464 [379,257, 381,674] know their status (75.5%); thus 179,536 who do not know their status 
should be sought through the intensification of testing. These results were subsequently used for constructing the full 
2016 Cameroon HIV cascade for identifying programmatic gap, prioritizing the resources, and guiding the strategies 
of the 2018–2022 National Strategy Plan and funding request.
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Introduction
In 2014, the Joint United Nations Program on HIV and 
AIDS (UNAIDS) and partners set the ‘90-90-90 targets’ 
[1]; aiming by 2020 to (a) diagnose 90% of all HIV posi-
tive people (1st 90); (b) provide antiretroviral therapy 
(ART) for 90% of those diagnosed (2nd 90); and achieve 
viral suppression for 90% of those treated (3rd 90). 
UNAIDS Spectrum Software estimates the number of 
people living with HIV/AIDS (PLWHA). HIV testing is 
the gateway to HIV prevention, treatment, care and other 

support services. People’s knowledge of their HIV status 
through HIV testing services (HTS) is crucial to the suc-
cess of the HIV response [2]. However, many countries 
are facing the challenge of estimating the 1st 90 due to 
lack of directly reported number of individuals diagnosed 
with HIV.

Estimates of the 1st 90 were generally back calcu-
lated using epidemiological models based on data from 
national HIV testing program or smaller anonymous 
unlinked seroprevalence surveys, which entails the 
screening of blood specimens taken for purposes other 
than HIV testing [1, 3, 4]. Methods include using country 
reports of the cumulative number of people tested and 
found HIV positive [5–8].

The method based on the reported number of positive 
tests, requires unique patient identifiers in case-based 
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surveillance and patient monitoring systems. Such sys-
tems are generally not well-established in many settings, 
where double counting of HIV positive individuals is una-
voidable [1]. Double counting will be increasingly impor-
tant because repeating testing is often encouraged [8, 9]. 
In fact, WHO [2] recommends that national programs 
should retest all people newly and previously diagnosed 
with HIV before they enroll in care and initiate ART; the 
reasons include ruling out laboratory or transcription 
error and either ruling in or ruling out seroconversion 
[10, 11]. WHO [2] also recommends to offer retesting at 
least annually to people from key population, irrespective 
of their status. The situation may remain serious, since 
testing procedures (national algorithm) differ between 
countries where some require two or more HIV positive 
tests to confirm diagnosis [3].

Using the number of tests presents a risk of duplication 
from multiple testing, ultimately leading to overestima-
tion of people with known HIV positive status. Previous 
methods used mainly subtract from the gross number 
the false positives, those recorded to have died or perma-
nently migrated [1]. This paper proposes an approach in 
which both the probability of being re-tested HIV positive 
and the average number of positive tests since 1st positive 
HIV diagnostic are taken into account.

Main text
Methods
Let t referring the year and t0 the base year; nt the num-
ber of HIV positive tests; ntj the number of HIV positive 
tests for every testing site; Kt the total number of testing 
sites. The total number of HIV positive tests during year t 
is nt =

∑Kt
j=1 ntj . The cumulative number of HIV positive 

tests since t0 is Nt =
∑t

i=t0
ni = Nt−1 + nt . Obviously, Nt 

has duplicates and should thus be adjusted to derive the 
number of people with known HIV positive status.

Let Na
t  be the adjusted estimate of Nt for the period t0 

to t. A basic adjustment of the estimates is

where Ft is the false positive probability; Dt the death 
probability of a tested HIV positive; and Et the perma-
nent emigration probability of a tested HIV positive; i.e. 
Out-migration of cases. Within the context of multiple 
testing, an important ingredient is the number of positive 
tests realized by an HIV positive individual, which can 
contribute to inflate the number of PLWHA with known 
positive status.

Let Pt be the probability for an HIV+ person of being 
re-tested positive during the period; and Mt , the average 
number of positive tests; Mt ≥ 1 . Taking into account 

(1)Nt(1− Ft − Dt − Et);

the fact that the adjusted estimate ( Na
t  ) of the cumula-

tive number of HIV positive tests decreases as Pt and 
Mt increase, a corrected factor for the basic adjustment 
in (1) could be NtPt

Mt
−NtPt . Similar adjustments have 

been extensively applied within the context of program-
matic mapping to take into account double counting 
(mobility adjustment) when estimating key populations 
size [12, 13].

The final estimate is then

The first derivatives of Na
t  with respect to Pt and Mt 

are 1−Mt
Mt

 and −NtPt
M2

t
 respectively, and both are negative.

Parameters of the model: data source and methodology

•	 Probability for an HIV+ person of being re-tested 
positive during the period ( Pt ): Pt can be estimated 
via a field survey from a nationally representative 
sample of PLWHA currently on ART.

•	 Average number of positive tests ( Mt ): Mt can also 
be estimated via a field survey from a nationally 
representative sample of currently on ART.

•	 False positive probability ( Ft ): It can be obtained 
from the manufacturers, taking in account the 
fact that diagnostic test’s characteristics, kits and 
screening algorithms change over time (period).

•	 Death probability of a tested HIV positive ( Dt ): 
Death probability can be obtained via a national 
field survey of representative sample of PLWHA in 
a prospective cohort study to determine their sur-
vival probabilities. It can also be obtained through 
UNAIDS’s Spectrum Software. Historical data in 
literature review can be used to determine mortal-
ity probability by applying different mortality prob-
abilities according to the period. E.g, taking into 
account the fact that individual tested HIV+ prior 
to the introduction of ART had higher probability 
of dying. Also, the application of different mortal-
ity probabilities for PLWHA on ART and those who 
are not, after scaling up ART. In addition, individ-
ual tested HIV+ prior to the introduction of ART 
had higher probability of dying.

•	 Permanent emigration probability of a tested HIV 
positive ( Et ), i.e. out-migration of cases: The per-
manent emigration probability ( Et ) of a tested HIV 

(2)

N
a
t = Nt(1− Ft − Dt − Et)+

NtPt

Mt
−NtPt.

= Nt

(

1− Pt +
Pt

Mt
− Ft − Dt − Et

)

= Nt

(

1− Ft +
Pt

Mt

− Pt − Dt − Et

)
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positive can be obtained from the National Census 
Bureau/National Institute of Statistics.

Uncertainty estimation
There may be a considerable amount of uncertainty asso-
ciated with the final adjusted estimate Na

t  . To account for 
that we have calculated uncertainty bounds around each 
yearly estimate that defines the range within which the 
true value may situate. A (1 − α )% plausibility bound for 
the adjusted estimate is [14]:

where X2
β ,df  the βth percentile of the Chi-square distribu-

tion with df as degree of freedom at α level.
An alternative (1 − α )% confidence interval, with nor-

mal approximation; nearly equivalent approach is [15]

where Z1− α
2
 quantile of normal distribution at α level.

These confidence intervals are derived under the 
assumption that the data follow a Poisson distribution. 
All analyses were performed in R-3.4.3 (https​://www.r-
proje​ct.org/).

[

1

2
X2

α
2 ,2N

a
t
;

1

2
X2
1− α

2 ,2(N
a
t+1)

]

[

Na
t − Z1− α

2

√

Na
t ; Na

t + Z1− α
2

√

Na
t

]

Results
Sensitivity analysis
Figure 1 shows the number of diagnosed HIV as function 
of average number of HIV+ tests at various probabilities 
of retesting levels; each curve corresponding to a level of 
probability.1

Starting from 100 positive HIV tests, the number of 
effectively diagnosed HIV positive ( Na

t  ) decreases as Mt 
increases; and also decreases as the probability of retest-
ing ( Pt) increases. The same trends are observed when 
varying other parameters such as emigration probabili-
ties, false positive probability, and death probability. The 
adjusted estimate is then more sensitive to Mt and Pt than 
other parameters such as Ft , Dt and Et .

Application of the methods in Cameroon national HIV 
cascade analysis
The proposed method was used to generate the estimates 
for the 1st 90 in the 2016 HIV cascade. Table 1 shows the 
values or range for various model parameters together 
with their sources.

Figure 2 shows both the raw and the adjusted positive 
tests from 1987 to 2016. The yearly number of HIV posi-
tive tests were obtained from various annual reports of 
the National AIDS Control Committee from 1987 to 2016 
[16, 17]. Of the 560 000 PLWHA estimated from UNAID 
Spectrum in 2016; 504,000 (0.9 * 560,000) out to know 
their status. For 621,417 cumulative positive tests in 
2016, the model estimates that 380 464 [379,257; 381,674] 
PLWHA know their status (75.5%; 380,464/504,000). 
Therefore 179,536 PLWHA who do not know their status 
should be sought through the intensification of testing.

Discussion
This paper has proposed a way to take account of dupli-
cates using the number of positive HIV tests in the esti-
mation of the UNAIDS’s 1st 90. In addition to factors 
such as the false discovery probability; the death prob-
ability of a tested HIV+, and permanent emigration prob-
ability of a tested HIV+; the method included both the 
probability of being re-tested HIV positive and the average 
number of positive tests since 1st positive HIV diagnostic.

The estimation of the number of people who know 
their HIV status remains very difficult. Even in countries 
with improved monitoring systems such as the United 
States of America, the number of people living with diag-
nosed HIV is not available in all states and periods [18]. 
Moreover, monitoring systems hardly capture the dead 
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Fig. 1  Number of diagnosed HIV as function of average number of 
HIV+ tests for probabilities of retesting varying between 0.1 to 1

1  Probabilities of retesting Pt varying between 0.1 and 1; emigration probabil-
ity ( Et) = 0.001, death probability ( Dt) = 0.01, and false positive probability ( Ft
) = 0.01.

https://www.r-project.org/
https://www.r-project.org/


Page 4 of 6Nguefack‑Tsague et al. BMC Res Notes          (2020) 13:118 

as well as those who move that may appear to be lost to 
follow-up. It is important not only estimating the num-
ber of people diagnosed HIV positive, but also consider-
ing some factors favoring the quality and quantity of HIV 
testing. These include the fact that (a) HIV testing kits are 
cheap and many countries test for free [19]; (b) repeat-
ing testing is often encouraged [8–11, 20]; and (c) reduc-
ing discrimination through educational and behavioral 
program and campaigns [21]. To address the significant 
shortfall at diagnosis in resource-limited settings, inno-
vative approaches to increase testing coverage should be 
explored. These include partner testing [22], community-
based interventions [23], opt-out testing [22], self-testing 
[24] and work-based or home-based community testing 
which was shown to reach up to 80% coverage of testing 
in high burden countries, but may not be cost-effective in 
low prevalence countries [25].

Improving the quality of the 1st 90 also involves: (a) 
putting in place the appropriate strategies to create 
demand for HIV testing; (b) reaching out and providing 

targeted services for key populations at increased risk 
of HIV; (c) putting in place provider-initiated testing 
and counselling services in health care services (such as 
tuberculosis, antenatal clinic and sexually transmitted 
infection services); and (d) encouraging partner testing. 
The approaches to service delivery should be conducive 
to increasing uptake of services by the target groups and, 
eventually, to effective linkage of those diagnosed HIV 
positive to HIV care and treatment services [2, 26]. The 
quality of the first 90 can also be improved by using the 
(a) right strategies/approaches to create demand for HIV 
testing; (b) testing the right people, and (c) prioritizing 
the right population groups for HIV testing.

Conclusions
The application of the method in the Cameroon case 
showed to be feasible and will hopefully improve esti-
mates of the first 90. The results of this study were sub-
sequently used for constructing the full 2016 Cameroon 
cascade for identifying programmatic gap, improve 

Table 1  Value and source for model parameters

Parameter Notation Value Source

Probability for an HIV+ person of being retested positive during the 
period

Pt 0.49 CNLS [16]

Average number of positive tests Mt 3.02 CNLS [16]

False positive probability Ft 0.01 WHO [27]

Death probability of a tested HIV positive Dt 0.042 UNAIDS [28]

Permanent emigration probability of a tested HIV positive Et 0.008 OIM [29]

The cumulative number of HIV positive tests (1987–2016) Nt 621,417 CNLS’ reports [30, 31]
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targeting of the interventions, to prioritize the resources, 
guide the strategies of the 2018–2022 National Strat-
egy Plan and the funding request. The proposed model, 
mostly useful in  situations of lack of unique identi-
fier code, can be applied to countries facing similar 
challenges.

Limitations
A major challenge in this study was that of accurately 
selecting the parameter of the proposed model. Some of 
these parameters can be obtained from nationally rep-
resentative sample of PLWHA. The proposed method is 
feasible in the settings where case-based surveillance and 
patient monitoring systems are not in place. Investments 
are still needed to improve the case-based surveillance 
and patient monitoring systems, as the proposed method 
presents as a temporary solution; routine systems to gen-
erate more and better data present as a sustainable solu-
tion. The estimate of 1st 90 is justified, when putting in 
the entire cascade; can be compared with national repre-
sentative surveys when results are available.

Abbreviations
AIDS: Acquired immunodeficiency syndrome; ART​: Antiretroviral therapy; 
CDC: Centers for Disease Control and Prevention; CNLS: Comité National de 
Lutte contre le Sida; DHS: Demographic and health surveys; FSW: Female sex 
worker; HIV: Human immunodeficiency virus; HTS: HIV testing services; IBBS: 
HIV Integrated Biological and Behavioral Surveillance; MSM: Men who have 
sex with men; PEPFAR: United States President’s Emergency Fund for AIDS 
Relief; PLWHA: People living with HIV/AIDS; PMTCT​: Prevention of mother to 
child transmission; STI: Sexually transmitted infections; UNAIDS: Joint United 
Nations Program on HIV and AIDS; WHO: World Health Organization.

Acknowledgements
The authors thank the participants of ICASA 2017 (Abidjan, Cote d’Ivoire), IAS 
2018 (Amsterdam, Netherland), and AFRAVIH 2018 (Bordeaux, France) whose 
contributions had led to an important improvement of the manuscript.

Authors’ contributions
Conceived the study: GNT; SCB; OWT; JBGS; JZ; JBEN. Programming and 
analysis: GNT; AZ; AW; ID; EM; MNN. Interpreted the results: GNT; JZ; EM; BB; 
MNN; LB; YN; HD. Initiated the manuscript: GNT; SCB; OWT; JZ. Revised the 
manuscript: BC; KT; MNN; LB; EM. All authors read and approved the final 
manuscript.

Funding
This study was financed by the Global Fund under the cooperative agreement 
CMR-011-G11-H for HIV/AIDS—National AIDS Control Committee, Ministry 
of Public Health of Cameroon. Its contents are solely the responsibility of the 
authors and do not necessarily represent the official views of their respective 
organizations.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article (Fig. 2, Table 1) and Additional file.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
Authors have no potential conflict or competing interests to declare.

Author details
1 Biostatistics Unit, Department of Public Health, Faculty of Medicine and Bio‑
medical Sciences, University of Yaoundé I, P.O. Box 8 550, Yaoundé, Cameroon. 
2 National AIDS Control Committee, Ministry of Public Health, Yaoundé, Cam‑
eroon. 3 Initiatives Conseil International-Santé (ICI-santé), Ouagadougou, Bur‑
kina Faso. 4 Hôpital de jour, CHU-Yalgado Ouédraogo, Ouagadougou, Burkina 
Faso. 5 Centre International de Reference Chantal Biya, Yaoundé, Cameroon. 
6 Department of Biochemistry, Faculty of Science, University of Yaoundé 1, 
Yaoundé, Cameroon. 7 The Global Fund to fight AIDS, Tuberculosis and Malaria, 
Geneva, Switzerland. 8 UNAIDS, Yaoundé, Cameroon. 

Received: 4 June 2019   Accepted: 17 February 2020

References
	1.	 Joint United Nations Programme on HIV/AIDS (UNAIDS). UNGASS coun‑

try level reports (GARPR). Global aids response progress reporting. 2015. 
http://www.unaid​s.org/sites​/defau​lt/files​/media​_asset​/JC270​2_GARPR​
2015g​uidel​ines_en.pdf.

	2.	 WHO. Consolidated guidelines on HIV testing services. 2015. http://apps.
who.int/iris/bitst​ream/handl​e/10665​/17987​0/97892​41508​926_eng.
pdf?seque​nce=1.

	3.	 Levi J, Raymond A, Pozniak A, Vernazza P, Kohler P, Hill A. Can the 
UNAIDS 90-90-90 target be achieved? A systematic analysis of national 
HIV treatment cascades. BMJ Glob Health. 2016;1:e000010. https​://doi.
org/10.1136/bmjgh​-2015-00001​0.

	4.	 Bradley H, Hall I, Wolitski RJ, Van Handel MM, Stone AE, et al. Vital signs: 
HIV diagnosis, care, and treatment among persons living with HIV—
United States, 2011. Morb Mortal Wkly Rep. 2014;63(47):1113–7.

	5.	 Baral S, Grosso A, Mnisi Z, Research to Prevention (R2P), Swaziland 
National AIDS Program. Examining prevalence of HIV infection and risk 
factors among female sex workers (FSW) and men who have sex with 
men (MSM) in Swaziland. Baltimore, 2013. https​://www.jhsph​.edu/resea​
rch/cente​rs-and-insti​tutes​/resea​rch-to-preve​ntion​/publi​catio​ns/Swazi​
-integ​rated​-repor​t-final​.pdf.

	6.	 Medland NA, McMahon JH, Chow EPF, Elliott JH, Hoy JF, Fairley CK. The 
HIV care cascade: a systematic review of data sources, methodology and 
comparability. J Int AIDS Soc. 2015;18:20634. https​://doi.org/10.7448/
IAS.18.1.20634​.

	7.	 Krishnaratne S, Hensen B, Cordes J, Enstone J, Hargreaves JR. Interven‑
tions to strengthen the HIV prevention cascade: a systematic review of 
reviews. Lancet HIV. 2016;3(7):e307–17. https​://doi.org/10.1016/s2352​
-3018(16)30038​-8.

	8.	 Granich R, Gupta S, Hall I, Aberle-Grasse J, Hader S, Mermin J. Status and 
methodology of publicly available national HIV care continua and 90-90-
90 targets: a systematic review. PLoS Med. 2017;14(4):e1002253. https​://
doi.org/10.1371/journ​al.pmed.10022​53.

	9.	 Mayer K, Gazzard B, Zuniga JM, Amico KR, Anderson J, Azad Y, Cairns G, 
Dedes N, Duncombe C, Fidler SJ, Granich R, Horberg MA, McCormack 
S, Montaner JS, Rees H, Schackman B, Sow PS. Controlling the HIV 
epidemic with antiretrovirals: IAPAC consensus statement on treatment 
as prevention and preexposure prophylaxis. J Int Assoc Provid AIDS Care. 
2013;12:208–16. https​://doi.org/10.1177/23259​57413​47583​9.

	10.	 WHO. Delivering HIV test results and messages for re-testing and coun‑
selling in adults. 2010. http://www.who.int/hiv/pub/vct/hiv_re_testi​ng/
en/. Accessed 1 Sept 2018.

	11.	 WHO. Consolidated guidelines on the use of antiretroviral drugs for treat‑
ing and preventing HIV infection: recommendations for a public health 
approach. 2013. http://www.who.int/hiv/pub/guide​lines​/arv20​13/en/. 
Accessed 1 Sept 2018.

	12.	 Odek WO, Githuka GN, Avery L, Njoroge PK, Kasonde L, Gorgens M, et al. 
Estimating the size of the female sex worker population in Kenya to 
inform HIV prevention programming. PLoS ONE. 2014;9(3):e89180. https​
://doi.org/10.1371/journ​al.pone.00891​80.

	13.	 Pathack A, Saumtally A, Soobhany S, Comins CA, Kinoo SAH, Emmanuel F. 
Programmatic mapping to determine the size and dynamics of sex work 

http://www.unaids.org/sites/default/files/media_asset/JC2702_GARPR2015guidelines_en.pdf
http://www.unaids.org/sites/default/files/media_asset/JC2702_GARPR2015guidelines_en.pdf
http://apps.who.int/iris/bitstream/handle/10665/179870/9789241508926_eng.pdf%3fsequence%3d1
http://apps.who.int/iris/bitstream/handle/10665/179870/9789241508926_eng.pdf%3fsequence%3d1
http://apps.who.int/iris/bitstream/handle/10665/179870/9789241508926_eng.pdf%3fsequence%3d1
https://doi.org/10.1136/bmjgh-2015-000010
https://doi.org/10.1136/bmjgh-2015-000010
https://www.jhsph.edu/research/centers-and-institutes/research-to-prevention/publications/Swazi-integrated-report-final.pdf
https://www.jhsph.edu/research/centers-and-institutes/research-to-prevention/publications/Swazi-integrated-report-final.pdf
https://www.jhsph.edu/research/centers-and-institutes/research-to-prevention/publications/Swazi-integrated-report-final.pdf
https://doi.org/10.7448/IAS.18.1.20634
https://doi.org/10.7448/IAS.18.1.20634
https://doi.org/10.1016/s2352-3018(16)30038-8
https://doi.org/10.1016/s2352-3018(16)30038-8
https://doi.org/10.1371/journal.pmed.1002253
https://doi.org/10.1371/journal.pmed.1002253
https://doi.org/10.1177/2325957413475839
http://www.who.int/hiv/pub/vct/hiv_re_testing/en/
http://www.who.int/hiv/pub/vct/hiv_re_testing/en/
http://www.who.int/hiv/pub/guidelines/arv2013/en/
https://doi.org/10.1371/journal.pone.0089180
https://doi.org/10.1371/journal.pone.0089180


Page 6 of 6Nguefack‑Tsague et al. BMC Res Notes          (2020) 13:118 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

and injecting drug use in Mauritius. Afr J AIDS Res. 2018;17(2):129–36. 
https​://doi.org/10.2989/16085​906.2018.14622​16.

	14.	 Ulm K. A simple method to calculate the confidence interval of a stand‑
ardized mortality ratio. Am J Epidemiol. 1990;131(2):373–5.

	15.	 Liddell FDK. Simple exact analysis of the standardised mortality ratio. J 
Epidemiol Community Health. 1984;38:85–8.

	16.	 Comité National de Lutte contre le Sida. Evaluation des cascades pro‑
grammatiques de prévention et de soins du VIH au Cameroun. Yaoundé: 
Comité National de Lutte contre le Sida; 2017.

	17.	 Comité National de Lutte contre le Sida. Plan national d’accélération de la 
thérapie ARV. Yaoundé: Comité National de Lutte contre le Sida; 2017.

	18.	 Hall HI, Frazier EL, Rhodes P, Holtgrave DR, Furlow-Parmley C, Tang T, 
et al. Differences in human immunodeficiency virus care and treat‑
ment among subpopulations in the United States. JAMA Intern 
Med. 2013;173(14):1337–44. https​://doi.org/10.1001/jamai​ntern​
med.2013.6841.

	19.	 Hayes R, Ayles H, Beyers N, Sabapathy K, Floyd S, Shanaube K, et al. 
HPTN 071 (PopART): rationale and design of a cluster-randomised 
trial of the population impact of an HIV combination prevention 
intervention including universal testing and treatment—a study 
protocol for a cluster randomised trial. Trials. 2014;15:57. https​://doi.
org/10.1186/1745-6215-15-57.

	20.	 WHO. WHO reminds national programmes to retest all newly diagnosed 
people with HIV. 2014. http://www.who.int/hiv/pub/vct/retes​t-newly​
-diagn​osed-PLWHA​-full/en/. Accessed 1 Sept 2018.

	21.	 Musheke M, Ntalasha H, Gari S, McKenzie O, Bond V, Martin-Hilber A, 
et al. A systematic review of qualitative findings on factors enabling and 
deterring uptake of HIV testing in Sub-Saharan Africa. BMC Public Health. 
2013;13:220. https​://doi.org/10.1186/1471-2458-13-220.

	22.	 Medley A, Bachanas P, Grillo M, Hasen N, Amanyeiwe U. Integrating pre‑
vention interventions for people living with HIV into care and treatment 
programs: a systematic review of the evidence. J Acquir Immune Defic 
Syndr. 2015;68(Suppl 3):S286–96. https​://doi.org/10.1097/qai.00000​00000​
00052​0.

	23.	 Chamie G, Clark TD, Kabami J, Kadede K, Ssemmondo E, Steinfeld R, et al. 
A hybrid mobile approach for population-wide HIV testing in rural east 

Africa: an observational study. Lancet HIV. 2016;3(3):e111–9. https​://doi.
org/10.1016/S2352​-3018(15)00251​-9.

	24.	 Napierala Mavedzenge S, Baggaley R, Corbett EL. A review of self-testing 
for HIV: research and policy priorities in a new era of HIV prevention. Clin 
Infect Dis. 2013;57(1):126–38. https​://doi.org/10.1093/cid/cit15​6.

	25.	 Sabapathy K, Van den Bergh R, Fidler S, Hayes R, Ford N. Uptake of home-
based voluntary HIV testing in sub-Saharan Africa: a systematic review 
and meta-analysis. PLoS Med. 2012;9:e1001351. https​://doi.org/10.1371/
journ​al.pmed.10013​51.

	26.	 Nsanzimana S, Kanters S, Remera E, Forrest JI, Binagwaho A, Condo J, 
Mills EJ. HIV care continuum in Rwanda: a cross-sectional analysis of the 
national programme. Lancet HIV. 2015;2:e208–15.

	27.	 WHO. HIV assays: laboratory performance and other operational charac‑
teristics rapid diagnostic tests (combined detection of HIV-1/2 antibodies 
and discriminatory detection of HIV-1 and HIV-2 antibodies. Report 18. 
2015. ISBN: 978-92-4-150811-7. http://www.who.int/diagn​ostic​s_labor​
atory​/publi​catio​ns/15032​_hiv_assay​_repor​t18.pdf?ua=1.

	28.	 UNAIDS. Country factsheets. CAMEROON 2017. http://www.unaid​s.org/
en/regio​nscou​ntrie​s/count​ries/camer​oon.

	29.	 OIM. Migration en Afrique de l’Ouest et Centrale: Aperçu Régional. 2012. 
ISBN: 978-92-9068-601-9. http://publi​catio​ns.iom.int/syste​m/files​/pdf/
mpafr​icare​giona​lover​view_6marc​h2012​_0.pdf.

	30.	 Comité National de Lutte contre le Sida. Plan Stratégique National de 
lutte contre le VIH, le Sida et les IST 2018–2022. Yaoundé: Comité National 
de Lutte contre le Sida; 2017.

	31.	 Comité National de lutte contre le Sida. Rapport annuel 2016 des activi‑
tés de lutte contre le VIH, le Sida et les IST. Yaoundé: Comité National de 
Lutte contre le Sida; 2017.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.2989/16085906.2018.1462216
https://doi.org/10.1001/jamainternmed.2013.6841
https://doi.org/10.1001/jamainternmed.2013.6841
https://doi.org/10.1186/1745-6215-15-57
https://doi.org/10.1186/1745-6215-15-57
http://www.who.int/hiv/pub/vct/retest-newly-diagnosed-PLWHA-full/en/
http://www.who.int/hiv/pub/vct/retest-newly-diagnosed-PLWHA-full/en/
https://doi.org/10.1186/1471-2458-13-220
https://doi.org/10.1097/qai.0000000000000520
https://doi.org/10.1097/qai.0000000000000520
https://doi.org/10.1016/S2352-3018(15)00251-9
https://doi.org/10.1016/S2352-3018(15)00251-9
https://doi.org/10.1093/cid/cit156
https://doi.org/10.1371/journal.pmed.1001351
https://doi.org/10.1371/journal.pmed.1001351
http://www.who.int/diagnostics_laboratory/publications/15032_hiv_assay_report18.pdf%3fua%3d1
http://www.who.int/diagnostics_laboratory/publications/15032_hiv_assay_report18.pdf%3fua%3d1
http://www.unaids.org/en/regionscountries/countries/cameroon
http://www.unaids.org/en/regionscountries/countries/cameroon
http://publications.iom.int/system/files/pdf/mpafricaregionaloverview_6march2012_0.pdf
http://publications.iom.int/system/files/pdf/mpafricaregionaloverview_6march2012_0.pdf

	On estimating the number of people with known HIV positive status
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Methods
	Parameters of the model: data source and methodology
	Uncertainty estimation

	Results
	Sensitivity analysis
	Application of the methods in Cameroon national HIV cascade analysis

	Discussion
	Conclusions

	Limitations
	Acknowledgements
	References




