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Abstract

Background: At the end of 2012, worldwide, approximately 35.5 million people were living
with HIV. ' HIV mortality rates, in resource limited settings are now starting to improve as
antiretroviral therapy (ART) is becoming universally available. Now, these settings need to
improve the care provided to patients. Good quality care requires timely detection, staging and
initiation of therapy. CD4+ cell counting, point-of-care (POC) devices could improve the quality
of care in resource limited settings, by allowing for the decentralization of HIV care. As a result,
these POC CD4+ cells assays could circumvent patient barriers to care, and relieve building
pressure on regional laboratories. Several POC CD4+ devices are available, but an independent
comparison of performance has not yet been done. The aim of this thesis is to evaluate the
current evidence for POC CD4+ cell counting technologies and determine whether their

performance would allow them to be used interchangeably with the current gold standard.

Methods: To attain our objective we completed a systematic review and meta-analysis of the
evidence relating to POC CD4+ cell assays. Our populations of interest were global populations
of adults with a HIV+ status. Our outcome of interest was to the absolute Bland Altman mean
bias, which represents the agreement between the POC device and the gold standard. We
systematically searched 19 databases, relevant conferences and grey literature for the period
2000 to 2013. Of 4154 citations found, 16 articles were selected. A Bayesian hierarchical

normal-normal model was used to meta-analyze data.

Findings: POC devices appear to perform best in capillary samples. Only sufficient data was
available to allow for a meta-analysis of the PIMA device; a smaller BA mean bias in capillary

blood vs. venous specimens was found (-3.0 cells/uL; 95% Crl: -28-2 to 22-8 vs. -26-5 cells/uL;
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95% Crl: -46-7 to -6-8). Insufficient data was available for other POC devices (the MiniPOC and
the MBio) to allow for a meta-analysis; however they also appear to perform well when

considered graphically in a forest plot.

Conclusion: The PIMA CD4 device was comparable to flow cytometry as the estimated
difference between the CD4+ cell count of the device and the reference fell within a range of
acceptable accuracy (+/- 30 cells/puL). The miniPOC and the MBio devices also appear to
perform well. Devices appear to better estimate capillary specimens compared to venous

specimens.

POC CD4+ cell count devices are a rapidly developing field and so providers need reliable
evidence for technology selection decisions. The synthesis of evidence relating to the accuracy of
POC CD4+ cell counting devices may be of interest for initiatives that are scaling up the use of

these devices globally.
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Résumé

Contexte : A la fin de 2012, il y avait 35,5 millions de personnes a travers le monde vivant avec
le VIH." Le taux de mortalité du VIH dans des milieux a faibles ressources commence
maintenant a s’améliorer avec la disponibilité de la thérapie antirétrovirale (TAR) qui est en train
de devenir universelle. Maintenant ces milieux doivent améliorer les soins donnés aux patients.
Les soins de bonne qualité nécessitent un dépistage, une détermination du stade et un début de
traitement rapides. Les appareils de diagnostic qui comptent les cellules CD4+ au point de
service (POC) pourraient améliorer la qualité des soins dans les milieux a faibles ressources en
permettant la décentralization des soins VIH. Par conséquent, ces tests effectués par ces
dispositifs POC de diagnostic et de comptage de cellules CD4+ pourraient contourner les
obstacles aux soins des patients et atténuer la pression de devoir construire des laboratoires
régionaux. Plusieurs dispositifs POC de diagnostic de CD4+ sont disponibles mais une
comparaison indépendante de leur performance n’a pas encore été faite. Le but de cette these est
d’évaluer les éléments dont on dispose déja concernant les technologies POC comptage de
cellules CD+4 et de déterminer si leur performance leur permettrait d’étre utilisées de fagon

interchangeable avec la norme de référence actuelle.

Méthodes : Afin d’atteindre notre objectif nous avons procédé a un examen méthodique et a une
méta-analyse afin d’évaluer les tests POC comptage de cellules CD4+. Notre résultat d’intérét
¢tait selon le biais moyen absolu de Bland Altman, qui représente 1’accord entre le dispositif
POC et la norme de référence. Nous avons examiné systématiquement 19 bases de données, ainsi
que des conférences et de la littérature grise pertinentes datant de 2000 a 2013. 16 articles ont été
sélectionnés sur 4154 citations. Nous nous sommes servis d’un modele bayésien hiérarchique de

distribution normale-normale afin de faire la méta-analyse des données.
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Résultats : les dispositifs POC semblent fonctionner mieux avec des prélévements de sang
capillaire. Il y avait seulement des données disponibles pour effectuer une méta-analyse du
dispositif PIMA ; on a trouvé un plus petit biais moyen Bland Altman dans les prélevements de
sang capillaire par rapport aux échantillons de sang veineux (-3,0 cellules/ puL; 95% Cr1 : de -
28,2 2 22,8 contre -26,5 cellules/ uL; 95% Crl : de -46,7 a -6,8). Les données disponibles pour
les autres dispositifs POC (le MiniPOC et le MBio) n’étaient pas suffisantes pour permettre une
méta-analyse, pourtant ces dispositifs semblaient bien fonctionner selon la représentation

graphique en forét.

Conclusion : Le dispositif PIMA CD4 était comparable a la cytométrie en flux parce que la
différence estimée entre le comptage de cellules CD4 du dispositif et de la référence a donné une
précision suffisante (+/- 30 cellules/ puL). Les dispositifs miniPOC et MBio semblent bien
fonctionner aussi. Il semble que les dispositifs donnent une meilleure estimation de prélevements
de sang capillaire que pour les prélevements de sang veineux. Les dispositifs POC de comptage
de cellules CD4+ font partie d’un secteur en pleine croissance, donc les fournisseurs de soins de
sant¢ ont besoin de preuves fiables pour la prise de décision en mati¢re de technologie. La
synthése des données probantes portant sur 1’exactitude des dispositifs POC de comptage de
cellules CD4+ pourrait intéresser les initiatives qui intensifient 1’utilisation de ces dispositifs a

I’échelle mondiale.
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Glossary of abbreviations and acronyms

AIDS
ART
CD4+ cell
CDC
cells/pL
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Crl
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FP
HAART
HIV
PEPFAR
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TN

TP
UNAIDS
VL

WHO
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Chapter 1: INTRODUCTION

Globally 35.5 (32.2 - 38.8) million people were living with HIV in 2012." The disease burden is
felt disproportionately with countries of lower resource carry the greatest burden.'”* Much
progress has been made in curbing the pandemic, recent figures show a downward trend in
mortality linked to HIV.! The reductions in mortality have largely been attributed to low and
middle income countries scaling up Anti Retroviral Therapy (ART) programs at the national
level as well-delivered ART is an important tool in the fight against HIV, both for individuals

and at the community level.'

However, there are still challenges, many people drop out of care
and clinics and laboratories in resource limited settings can be operating in very challenging

environments.

Technological advances have allowed for the development of point of care (POC) devices that
can be used to monitor HIV patients more effectively in rural settings, without being reliant on
infrastructure which is often lacking. New CD4 and viral load POC tests can operate in the
absence of a continuous electricity supply, laboratory equipment, specialist personnel or
transport systems. And so POC devices could be used to develop better care systems.*® Some
CD4 POCs can provide CD4+ cell counts in just 8 minutes, at the point of clinical contact. With
such fast turnaround times, these assays could allow for ART to be initiated at the same site;
saving time and money for health systems. For patients, they will reduce the burden on patients
by reducing the number of clinic visits, thereby improving treatment adherence speeding up
linkages to care and reducing loss to follow up. There are many POC CD4+ cell counting
devices that are currently being marketed or developed, using different underlying technologies.

The PIMA (Alere, USA) device uses dual fluorescence image analysis. The MiniPOC (Partec,
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GmbH), the PointCareNOW (PointCare, USA) and the HumaCount (Human Diagnostics,
GmbH) are effectively miniaturized flow cytometers. The Daktari CD4 (Daktari Diagnostic,
USA) device is based on microfluidics and the MBio CD4 analyzer (MBio Diagnostics, Inc,
USA) uses optical technology. Two disposable devices are also in development: the Zyomyx’s
CD4 test (Zyomyx, Inc., USA) and the VISITECT CD4 (Omega Diagnostics group, UK).*®
Although the performance of some of these devices has been evaluated, there is a need to
compare their performance across specimens; finger stick and venous blood specimens. So far a
comparative evaluation of their performance has not yet been performed, and as POC CD4
assays are likely to be introduced across Sub Saharan Africa and Asia there is a need to

summarise their performance across devices.

The objective of this thesis is therefore to address two key questions. First, we need to identify
whether these devices are comparable to the gold standard, and which devices are superior.
Secondly, investigate whether these POC devices perform well for both capillary and venous
blood specimens alike. This is important as capillary specimens are likely to be easier to obtain
where resources are limited. In order to achieve these aims we completed a thorough search of

the literature, and then a meta-analysis of the available data.

This thesis is made up of five chapters. This first introductory chapter provides an overview of
the topic and the rationale for completing the work, along with the objectives. The literature
review provides some background to the field of HIV, the current treatment challenges as well as
a detailed review of the current knowledge of CD4 point of care devices. The subsequent chapter
provides detailed information of the methods that we used to conduct the research, along with a
statistical description of the meta-analysis. The next chapter presents the results of the meta-

analysis and further investigations of the data. The fifth and final chapter synthesises the findings
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of my thesis work into a coherent package of work, further discusses the results as well as future

prospects.

This thesis consists of a systematic review of the field of HIV and the current evidence related to
CD4 Point of Care assays. In addition to this we completed a meta-analysis of the evidence. The
results from the meta-analysis have been submitted for publication in JAIDS in December 2013,

and the work is being peer reviewed.
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Chapter 2: BACKGROUND AND LITERATURE REVIEW

This section will provide a review of the literature and includes some background to HIV, HIV

care and tools for monitoring infections.
2.1 Historical context of HIV

AIDS (acquired immunodeficiency syndrome) was initially recognised in the USA by physicians
in the early 1980s, in a published case study that highlighted an unusual clustering of
Pneumocystis pneumonia. This was a condition only rarely seen and normally only apparent in
severely immunosuppressed people.>” The cause of the syndrome, the retrovirus HIV-1 was
subsequently identified in 1983. ' Today, the most prevalent lineage of HIV is HIV-1 and has
a global distribution which accounts for 99% of infections; HIV-2 exhibits very different
epidemic characteristics.'' How HIV-1 emerged as a global pandemic is a very complex topic,
not without controversy, therefore this section aims to provide only summary points to add some

context for the reader.

Geographical data and molecular evidence indicates that HIV-1 originated from SIVcpz (simian

113 The timing of the event that gave rise to the earliest HIV-

immunodeficiency virus) in Africa.
1 (group M) has been estimated to 1853 (95% credible intervals 1799-1904)."* Since the
emergence of HIV-1, much diversification has occurred and each group has many subtypes; and
variation still increasing, particularly in Africa.'> As the virus was not recognised until 1981 in
the US, the evolution of HIV was left largely unchecked in Africa until 2001 when ART became

widely available.'>"”
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How and why HIV-1 escalated from an initial infection to pandemic proportions is still unclear.
Current theories associate the growth of the epidemic to changes in central Africa in the early
20™ century that allowed for rapid viral adaptation and increased transmission.'"'? From 1905
colonial cities were established across central Africa, leading to dramatic changes in the structure
of the society, including forced labour camps, poor living conditions, an increased reliance of
villagers on bush meat, and widespread vaccination programs.'*'®!” These changes may have led
to increased opportunities for viral adaptation and transmission by increasing exposure to
zoonotic diseases, bringing previously isolated groups into close contact, using unsterilized
needles in new vaccination programs, more promiscuous sexual practices, more commercial sex
workers and an increased prevalence of GUDs (genital ulcer diseases).'®° Despite these
theories, what is clear is that HIV-1 is a major pandemic, which, since its emergence, has

claimed the lives of millions of people.
2.2 Biology of HIV

HIV is a retro virus which infects activated CD4 T-lymphocytes and leads, over several years to
the systematic destruction of T-lymphocytes, namely the CD4+ T-cells.?' The HIV virus invades
T-lymphocytes by binding with the cellular CD4 receptor, as such, it is the CD4+ T-lymphocytes
that are selectively destroyed (either by cytotoxic T-cells or poor replication of CD4+ cells after

the weakening of the immune system).*""**

Eventually, the depletion of CD4+ T lymphocytes
destroys the integrity and resistance of the immune system, leaving the infected individual frail
in the face of opportunistic infections; at which point the disease is known as AIDS (Acquired
Immunodeficiency Syndrome).”' Generally, the progression of HIV can be categorised into

stages. The first stage, 2-4 weeks after infection, is defined by very high viral loads and falling

CD4+ cell counts. This acute stage ends 3 months following exposure.” As early stage HIV
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infections (acute infections) are characterized by very high viral loads, the likelihood of
transmission is also higher during this stage.* Following the acute stage, the disease usually
becomes latent for a time, showing no clinical symptoms for up to 10 years.”® The final stage is
defined by high viral loads and the onset of multiple indicator infections, this stage is referred to

22325 Technologies that provide CD4+ cell

as AIDS and usually leads to death within 2-3 years.
counts can therefore be used clinically to provide an estimate of the disease stage and can be
used to track disease progression.”'** Another assay that is important for staging and monitoring
disease progression is viral load (VL) which gives a direct measure of HIV RNA and is

associated with CD4+ cell counts and clinical progression of the disease.*'**2°

2.3 Epidemiology of HIV and the developing world

The UNAIDS World AIDS Day report 2013 estimates that globally 35.5 (32.2 — 38.8) million
people were living with HIV in 2012." Global new infections during 2012 are estimated to be 2.3
(1.9-2.7) million. Worldwide, Sub-Saharan Africa has the highest prevalence of HIV; currently,
approximately 4.7% of adults (aged 15-49yrs) are living with HIV amounting to approximately
23.5 million people.' Therefore Sub-Saharan Africa accounts for over 60% of the global burden
of HIV.! Other low and middle income countries (LMIC) such as Eastern Europe, central Asia
and the Caribbean are also heavily affected with approximately 1% of all people living with

HIV.!

One of the UNAIDS targets is to “Reach 15 million people living with HIV with lifesaving
antiretroviral treatment by 2015™° and the latest figures indicate progress towards this goal.” In
2012, ART had reached 9.7 million people in low and middle income countries, but this still

represents just 34% of those people eligible according to the new WHO ART guidelines.'*’

Page | 17



Access to ART is highly country specific, some countries in eastern Europe, central Asia, the
middle East and North Africa still only provide ART to 15-25% of people who are eligible.?
Access to the most vulnerable populations is very important as vulnerable groups are facing their

own challenges in society and are often carrying a disproportionate burden of HIV.
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2.4 Diagnosis of HIV infection

Various laboratory assays are relevant to the diagnosis or care of HIV infections. These are
outlined in table 1. Traditionally, diagnosis of HIV is predominantly completed in the laboratory
and can be considered as either screening (highly sensitive to prevent false negatives) or
confirmatory assays (highly specific at the expense of some sensitivity).” Laboratory based
methods for HIV diagnosis use immunoassays (to detect antibodies) or molecular PCR-based
assays (to detect HIV antigens directly).” Modern HIV immunoassays can detect known HIV-1
group M subtypes, group O and HIV-2, however, such assays can require advanced

methodologies that are not always available in resource limited settings. '

Assay target Methods Use Notes
HIV antibodies | Immunoassay Diagnosis Gold standard assays
Detect human antibodies against HIV-1
and HIV-2 (detectable 3-4 weeks after
infection)
Identify recent or established infections

p24 antigen Immunoassay Diagnosis Can detect infection approximately 2-3

weeks after infection

Detect specific | PCR Diagnosis Useful for testing neonatal blood and

HIV genes donated blood

CD4+ cell Flow cytometry Monitoring | Measure of CD4+ cell count

assays

Plasma HIV-1 Real-time PCR Diagnosis Useful for diagnosis of acute infection

RNA load Monitoring | Measure of viral load

(Viral Load)

Drug Resistance | Phenotypic Monitoring | Phenotypic: Laboratory created
(Recombinant virus recombinant viruses are tested for
assay) or Genotypic susceptibility to therapies.

(PCR sequencing) Genotypic: Test for specific known
mutations that infer drug resistance.

Table 1 Assays for diagnosis and monitoring of HIV from blood samples Adapted from >***

The success of HIV screening programs in low and middle income countries have been restricted

by laboratory tests due to limited resources and minimal infrastructure.”® Laboratory tests also
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suffer from long test-to-result times and can be inconvenient for patients who need to find time
to return to the clinic for the results which results in many people remaining unaware of their

3132 Now, many rapid POC tests for HIV are available and are widely used, these

serostatus.
assays rely on detection of antibodies. POC tests are very useful in rural and resource limited
settings and can identify HIV infection from capillary or saliva samples, allowing for
decentralization of HIV diagnosis.>® Self testing devices are now also being developed and
implemented, particularly for the developing world. These new ways of testing for HIV could
result in dramatic changes in HIV care pathways, could empower patients to take more control of
their health and conquer some barriers to testing (such as privacy issues, sigma, and access).”>""
Alongside these new screening strategies, the use of POC CD4+ cell assays could help to make
the monitoring aspect of HIV care more accessible in rural and resource limited areas. With
availability of treatment, improvements in monitoring tools are warranted. POC CD4 and VL
assays promise to a) reduce waiting times for patients, b) cut down time to treatment initiation, c)

improve the control of HIV infection with improved monitoring, and d) deliver the quality of

care that is needed to bring the epidemic under control.
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2.5 Treatment for HIV

Standard care for HIV usually relies upon synergistic combinations of the drugs detailed in table

2, with an aim of targeting multiple molecular sites, limiting toxic effects and reducing the risk

of resistance; such an approach can be referred to as Highly Active Antiretroviral Therapy

(HAART).**-¢

Drug group

Mode of Action

Example agents

Nucleoside Reverse
Transcriptase
Inhibitors (NRTIs) *’

Active portion of NRTI competitively
binds to viral reverse transcriptase, halting
DNA chain elongation *’

Abacavir, Didanosine, Tenofovir
disoproxil fumarate, Stavudine
(cheaper and more commonly
used in resource limited settings
but leads to many adverse
effects)’’

Nonnucleoside
Reverse Transcriptase
Inhibitors (NNRTIs)

Interaction with reverse transcriptase to
inhibit catalytic site *°

Efavirenz, Nevirapine,
Delavirdine *°

Protease Inhibitors
(PIs)

Inhibits HIV protease, preventing cleavage
of precursor polyprotein

Saquinavir, Ritonavir, Indinavir >

6

Fusion Inhibitors

Disruption of proteins involved in fusion
process *°

Enfuvirtide

Entry Inhibitors -
CCRS5 co-receptor
antagonist

Blocks HIV interaction with CCRS,
common co receptor, particularly for early
stage infections. Current interest in use of
entry inhibitors to prevent HIV infection.”

. 39
Maraviroc

HIV integrase strand
transfer inhibitors

Blocking the catalytic site of HIV integrase
which acts to integrate HIV RNA into the
cellular genome *’

Raltegravir, Elvitegravir'’

Table 2 Action of HIV drugs

22,36-40

Now, single tablet drug combinations are available such as Complera (Emtricitabine, Tenofovir

disoproxil fumarate and rilpivirine) and Stribild (elvitegravir, emtricitabine and tenofir with

cobicistat [a pharmacoenhancer]).
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suppression of viral replication in order to halt the destruction of CD4+ T-cells. With well
delivered care CD4+ T-cell levels can recover to some degree.*’ The effect of ART on mortality
is dramatic, this is exemplified by huge changes in HIV mortality rates in the USA, upon the

introduction of HAART in 1996, death rates fell dramatically. 33,44-46

In the early days of treatment, drugs were not cheap, costing upwards of US$20,000 per person
per year."” Because of the restrictive cost, HIV programs in countries with lower resources relied
upon a number of global interventions. The Doha declaration, for example, adopted in 2001,
allowed developing countries to be flexible with Trade-Related Aspects of Intellectual Property
Rights (TRIPS) when public health was a concern.'” Such interventions eventually allowed many
more people in those countries (where approximately 90% of people with HIV were living)
access to ART by decreasing the annual ART cost from US$10,000, to less than $200 per
individual.**® Efforts to diagnose and treat HIV positive individuals in resource-limited settings
only really began in 2001 with government initiatives such as the United Nations global fund and
NGOs such as the Gates and Clinton Foundations. ****° In 2003, the US initiative, the
President’s Emergency Plan for AIDS Relief (PEPFAR) was created, pledging $15 billion over 5
years to 15 countries with the highest HIV burdens.’' Since then PEPFAR has funded treatment
and support for more that 15 million people through the development of partnerships and

: 1
healthcare expansion.’
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2.6 Monitoring in a resource limited setting

Success of HIV treatment not only relies on access to ART, but on highly effective monitoring of
people with HIV. WHO guidelines dictate that not all HIV+ patients are immediately started on
ART, instead treatment is delayed and carefully monitored.*” This is because HIV resistance is a
major challenge in HIV care and can affect up to 50% of people receiving ART.'*?* When
treatment does fail due to the development of viral resistance, clinicians usually switch the

patients onto another drug combination.*'*

In resource limited settings where only two lines of
treatment are typically available it is very important to maximise upon the available treatments.
And if HIV is incompletely suppressed with ART, viral resistance can develop very quickly.”
Therefore the initiation and switching of a patient’s treatment regime is a fine balance; starting or
switching too early will risk depleting effective treatment options and too late will risk the

. . 21,22,45,52,53
accumulation of resistance. <

To guide initiation and switching, and where resources allow, laboratory assessments of disease
progression are used to guide HIV care. These laboratory assessments include direct measures of
HIV viral load (VL) and genotypic resistance monitoring.*> However, these assessments are
expensive and so are not accessible where resources are limited, instead the WHO recommends
CD4+ cell counts as a substitute marker in resource limited settings.>* CD4+ cell counts have
been shown to reflect immunosuppression, the likelithood of opportunistic infections and
mortality.”* However, CD4+ cell counts are an indirect measure (thus, called surrogate
biomarkers) of the disease and as such are less sensitive than viral load assays, particularly for
early detection of virological treatment failure.”>>° Therefore CD4+ cell count technology
represents an important minimal standard of care, used for both the initiation and monitoring of

treatment of HIV in resource limited settings.
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The current WHO HIV guidelines for the treatment of HIV require that ART is started in
asymptomatic individuals when the CD4+ cell count falls below 500 cells/uL.* This is a higher
threshold for ART initiation compared to the previous WHO recommendations of 2010 and 2006
when the initiation limit was <350 cells/uL and <200 cells/uL respectively.’*’ With these
changes, at the end of 2012, an additional 9.2millioins people became eligible for ART
compared to 2010, this is a figure bound to increase with a reduction in HIV-related mortality.?’
In addition, it appears that these changing guidelines may have impeded the development of
POC CD4+ cell counting devices, specifically qualitative devices; this is described in later

sections.

Increasing numbers of people eligible for ART will likely bring further challenges for resource
limited countries where HIV treatment programs are already stretched; as such new technologies

and care pathways must be developed in order to deal with these changes.
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2.7 Current challenges and new care models

The challenge of ART delivery in developing countries doesn’t just stem from a lack of

resources to acquire the correct drugs. Wider problems are faced, as detailed in table 3. First-line

therapies can fail for a number of reasons, mainly due to poor adherence to therapy and

development of viral resistance.

43,53,54

The success of treatment therefore heavily depends upon

the commitment by patients who, in many cases, could be facing their own challenges.

Patient challenges

Clinic and provider challenges

Laboratory and Health
system challenges

e Social stigma and
visibility that impairs
access

e Clinics difficult to reach
fewer located in rural
areas

e Limited access to
transport impedes
regular visits

e Limited time to visit
clinic on multiple
occasions

¢ Unstable drug supplies and
device supplies

e Limited infrastructure,
electricity, transport

e Must transport samples to
central lab

¢ Long turnaround time to test
results

e Unstable lab services

¢ Poor providers to front line
health care professional ratio

e Lack of infrastructure

e Lack of specialist personnel

e Loss to follow up of patients

e High demand for lab
services (e.g. in rural areas
of Zambia, the number of
CD4 tests required was 1.7
times greater than the
laboratory capacity of the
area. >

Table 3 Some of the barriers to HIV care %5558

Each contributor to HIV care, in a resource limited setting can face substantial barriers, leading

to a disconnected and variable care pathway for patients. Laboratory staging of HIV typically

takes approximately one week; patients are required to attend two appointments, first for the
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blood draw and then for the result of the CD4+ cell count and appropriate care.”® As a result
many people drop out of care and remain oblivious of their eligibility for ART; only about 60%
(range 35-88%) of individuals who receive an HIV diagnosis in sub-Saharan Africa receive a
CD4+ count.**** Many people also drop out of care once they have started on ART; in Africa

this figure has been estimated to be around 40% over two years.*

Advances in molecular technology could hold the key to more successful linkage of eligible
individuals with treatment, and help to reduce some of the barriers to care. Recent years have
seen the development of a number of rapid assays that enable clinicians to determine CD4+ cell
counts at the point of care (POC) allowing them to make treatment decisions right away.” These
assays have recently shown the potential to improve patient retention, improve linkage to care,
and relieve the pressure on regional laboratories by offering a decentralized alternative to

4 4
laboratory assays.*>***°

POC devices that are less reliant on infrastructure such as electricity and
highly skilled workers could mean that in the future, clinics can be based in rural communities
more badly affected by HIV and deprivation.” This model of decentralized primary care could
increase the number of people aware of their status, improve the initiation and monitoring of

ART and ultimately generate more successful programs.*>-006>

The delivery of HIV care in resource limited settings is still relatively new and service delivery
requires development, an urgent scale up of services is needed. This is seen in some countries,
for example, in Kenya between 2000 and 2009, HIV testing centres increased from 3 to 900; and
mobile clinics are still being implemented.®® There is still a lot of development of ART clinic
service delivery in a bid to overcome barriers to accessing care. For example, a project started in
2004 in Zambia, introduced HIV testing and care to primary care sites, delivered primarily by

non physician clinicians.®’ This also included a home-based ART adherence monitoring
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program.®”®® The program has achieved mortality rates more aligned with a developed setting,

showing that high quality treatment can be delivered in rural areas of limited resource, with

.. 3
fewer specialist personnel.®”

Despite much progress the program is still seeing a lot of people
drop out of care, particularly in those not yet initiated onto ART.®® Perhaps with the addition of
POC CD4+ cell counting assays at the clinic, or as part of the home visit system, some enduring

barriers could be overcome. Further research is needed to identify the reasons for these high drop

outs, even when more convenient care settings are used.

Another interesting study, an international, randomized investigation of a multi-level
intervention (mobile testing with community intervention and post-test support) compared to
standard care, is called Project Accept.®® The study sites were largely rural locations, in high
burden countries (Thailand, South Africa, Tanzania, Soweto and Zimbabwe). Mobile clinics
offered rapid tests in community setting such as transport venues, community centres and places
of worship, on a schedule that suits working people.®””’® Again these clinics were staffed with
non-physicians clinicians, overcoming the lack of physicians in many countries. For the
intervention group, more people were tested for HIV compared to the standard care group and
identified four times as many HIV+ individuals.®”"° This project demonstrates that empowering
front line workers is key for the optimization of service delivery. In this model of decentralized
care offered by front line health care workers, point of care CD4+ cell counting assays could

very conceivably be incorporated to overcome barriers further down the patient care pathway.

Home based screening may be a feasible option in some settings and initial evidence suggests
that CD4+ point of care assays could be applied in home-based settings; a pilot achieved 90%
linkage to care.”""”* It seems feasible therefore that POC CD4+ devices, alongside POC HIV

testing could allow clinics to provide the full range of care (from screening through to
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monitoring of ART) in decentralized settings, reducing the burden on patients and reducing
subsequent losses to follow up. By being mindful of the needs of the HIV+ population, HIV care
should be better tailored to groups that are vulnerable to drop out of care. More evidence and
research will be important in this field to identify the most desirable pathways for patients, which

will work around social barriers such as stigmatization.

In the future, amid people with HIV living longer, the development of new service delivery
models will be crucial in order to deliver high quality care; CD4 POC assays could form a part of
the solution. POC devices could help to create more choices for people while also allowing more
efficient use of investment in ART treatment. Regular monitoring of treatment response and

tailoring medications will help optimize treatment.

2.8 Systematic review of point of care devices for CD4+ cell counting

This section will outline the research relevant to point of care CD4+ cell counting technology,
highlighting how the technology has developed and detailing the first implementation research
that hints of the potential impact of these devices. Following this chapter, the focus of the data
analysis will be the accuracy of the device, predominately the agreement of the POC device with

the reference standard (flow cytometry).

The first concepts for POC micro fluidic devices were published between 2005 and 2007; these
were mainly in the form of laboratory concepts. These articles described how advances in
technology would allow for rapid CD4+ cell counting, with minimal sample preparation.
Minimal sample preparation was pivotal for developing equipment free assays for resource

limited settings.”>”"’
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A range of POC CD4 devices are now being marketed or developed, with different underlying
technologies. Prominent among them are the PIMA (Alere, USA) which uses dual fluorescence
image analysis. The MiniPOC (Partec, GmbH), the PointCareNOW (PointCare, USA) and the
HumaCount (Human Diagnostics, GmbH) which use miniaturized flow cytometry, whereas the
Daktari CD4 (Daktari Diagnostic, USA) device is based on a electrical impedance microfluidics
and the MBio CD4 analyzer (MBio Diagnostics, Inc, USA) uses optical technology. Two well
known handheld disposable devices are also being developed, the Zyomyx’s CD4 test (Zyomyzx,
Inc., USA) and the VISITECT CD4 (Omega Diagnostics group, UK).”**”® To our knowledge no
evaluations of the HumaCount, the Daktari CD4, the Zyomyx CD4 test or the VISITECT CD4
(test have been published. However, the VISITECT CD4 device is a qualitative assay that
indicates that treatment is required when CD4 levels drop below the 350 cells/uL cut off, which
was set in the WHO 2010 guidelines.’®” Perhaps this device will need to be updated prior to
evaluative studies, given the new CD4 cell cut off of 500 cells/uL introduced in 2013.> The
Zyomyx device was developed with funds from the Bill & Melinda Gates Foundation, and in

summer of 2013, Zyomyx announced a new distribution agreement, with a focus on the developing world

so it seems that this device is still at the development stage.™

Prior to regulatory approval, and after the concept has been developed, clinical assays must
undergo laboratory and field trials to establish the performance of the device.®' Such evaluations
are predominately cross-sectional studies, that use leftover clinical samples or use a convenience
based patient sample. Once the device is approved for use by regulatory bodies then further
investigations of implementation and patient centred outcomes can be undertaken.®' Currently,

the stage of research for POC CD4+ cell counting devices appears to be at the evaluation of
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performance stage, with only a few studies reporting additional outcomes such as patient-centred

outcomes.

The first field evaluations of marketable CD4+ cell devices was published in 2010; the PIMA
device was evaluated at a voluntary testing and counselling centres (VCT) in Zimbabwe.*® This
was a particularly interesting study as one of the few that investigated the use of point of care
assays for newly diagnosed participants; a stage of the HIV care process where many people are
lost to follow up.** The study appeared to be well designed, as a cross-sectional study using a
convenience based sample; consecutive clinic attendees were approached during post HIV test
counselling sessions. Convenience based sampling can introduce bias, as the participants
included in the sample may not be representative of the general population. People attending the
clinic for HIV testing and subsequent eligibility of the study may be systematically different to
the general population with HIV, whom the device would be utilised in, introducing a spectrum
bias.* However these tests are likely to be applied in these patients so probably represents a
reasonable study group. The study reported that during the study, the service experienced a 13%

increase in attendees at the clinic, perhaps indicative of patient interest in the device.

Many more studies followed in 2011, these included evaluations in hospital laboratories, clinical

sites, primary care sites, and a mobile clinic.**** These and all other studies included in the meta-
analysis utilized a cross-sectional design; either specimens randomly chosen from leftover clinic

samples or convenience based sample of clinic attendees, all of these studies are vulnerable to

spectrum bias.

One study in 2011, completed by Jani et al investigated three POC assays for use in drug toxicity

monitoring in a primary health clinics in Mozambique.® This is an important study for the basis
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of the motivations for this thesis as this study concluded that POC devices could be applied in
decentralized settings, with non laboratory staff completing the assay.* This study was a
retrospective cohort study, whereby data from patient records were extracted before and after a
CD4 device was introduced into care, to examine how long it took for patients to progress
through the treatment cascade (CD4 counts, treatment initiation, etc.). The implementation of the
PIMA device lead to a substantial reduction in the number of people lost to follow up prior to
ART initiation, dropping from 64% to 33%, indicating the importance of POC CD4+ cell
counting devices in these settings.* As a retrospective cohort study this is subject to bias from
many sources. First, there was significant time difference between the two cohorts;
approximately 1 year. In this year many significant changes may have been experienced in the
clinic or area that could have impacted upon the rate of ART initiation. Although the two cohorts
appear similar in characteristics it seems feasible that services could have progressed in this time;
for example increased community education or changes to the way that data is recorded. Possible
interventions such as these could have impacted on estimates of the outcome, potentially
overestimating the effect size. Second, given that this is a retrospective study it would be very
hard to blind observers to the cohort that they are observing. Therefore, as data is collected
observers may be bias in their interpretation, leading to an information bias that could
overestimate estimates of effect. A randomized study would be a better design for estimating the
effect of POC testing in the field, and would handle some of these biases. However given the
greater level of investment required in such a study, a retrospective study is a good first indicator

of potential effect.
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The first evaluation of the Partec Cyflow miniPOC device was also presented at a conference
during 2011.*° As an early evaluation, it was completed in a laboratory and used clinical samples
from a hospital in Zimbabwe. However it is not clear how these patents were selected, which
could introduce some selection bias (spectrum) as the patients may not be completely
representative of the target population.** As this was a poster presentation, the information was
lacking in some areas; apart from in the title it is not confirmed that all patients were HIV+, it
only inferred in the source of the patient samples. However if the patients were not all HIV+,
again spectrum bias could be introduced, the performance of the POC in this patient group may
not be applicable to the target group. All samples were assessed using both the index test and the
reference, which is important to reduce verification bias. This work was also completed by the
manufacturers of the device and so would have a clear conflict of interest in the results of the
study; whilst this may not exclude the study entirely, this should be recognised when interpreting
the results. The paper also reported results for children, this is important as the miniPOC device
is one of the only two POC CD4 devices that can currently provide a percentage CD4 count.® As
the WHO recommends CD4% is used for children, this capability could be very important in the
future.”” Data missing from the study may impact on the assessment of CD4 devices; the most
probable form of this bias is from device failure. If the device fails in a non-random way, this
could be a source of bias. In this study however there are no missing data points making this bias

unlikely.

Evaluations of the PIMA device in Africa, India and the western countries continued to be
published during 2012.”** One included HIV+ pregnant women from an urban HIV clinic in
Johannesburg, South Africa.”® The applicability of results from studies that included pregnant

women is unclear. The current WHO guidelines for the initiation of ART from pregnant women

Page | 32



recommend that all women are initiated onto ART in order to prevent mother to child
transmission of HIV.”” Therefore CD4 devices could be used at baseline to stage women when
they start on treatment, and with VL assays to predict response to treatment in women and
control of HIV infection in their children. Again this was a convenience based sample, making
the study liable to bias; the participants could differ from the population of interest if the
participants arriving at the clinic change when the new intervention became available, although
this will unlikely affect that Bland Altman statistic if the device is expected to perform well

throughout the range of CD4.

The literature evaluated demonstrated several CD4 devices that could be used in various settings.
Another study from Mbopi-Keou et al. based in Cameroon was, in 2012, able to implement a
simplified CD4+ cell counting flow cytometer in a mobile therapeutic unit, running from a
battery. The objective of this study was to evaluate the use of a simplified flow cytometer in a
mobile clinic operating in settings far from a laboratory. Although this was not a POC device ,
the mobile unit was able to visit suburban areas in Cameroon providing care to people that do not
usually have access to routine laboratory facilities.”*'" The comparison device was a laboratory
based flow cytometry. This was a convenience based study, the volunteers attending the mobile
clinic were included, and chosen irrespective of their HIV status; although no details on how
participants were approached is given. This could again introduce spectrum bias; the results may
not be applicable to the target audience. Additionally, HIV- people were included in this study,
this adds a potential for spectrum bias as the test is evaluated in a population that is not clinically
relevant.*” As the CD4 + cell counting devices are not likely to be used in HIV- populations
there is potential for bias here.**”® HIV- people are likely to have much higher CD4+ cell counts

and with much wider ranges; therefore the performance of CD4+ counting machines could differ
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quite significantly. Blinding between the reference and mobile flow cytometer has not been
explicitly stated introducing some uncertainty and potential for information bias to be
introduced. However, the fact that the two devices were analysed at different times, in different
places makes it seem unlikely that bias was introduced here. Results indicate that the mobile
flow cytometer was able to work well in a mobile clinic, with Bland Altman mean difference of
+7.6 cells/uL, with reasonable intra-run inter-run precision of 5.5% and 7.9%. Therefore, even
though the device is not a point-of-care device in that it requires a mobile laboratory, this appears

to be a good option for this particular setting.

The first evaluation of the PointCareNOW device was published in 2012.'%" This was an
extensive study that reported the results of evaluations of the PointCareNOW device completed
in separate and very different sites. The study included patients attending clinics at hospital in
Mozambique, a university clinic in Mozambique, samples from the public health centre of
Canada, patients attending a clinic in the US and anonymous samples from South Africa.'”> The
CD4+ cell count was evaluated using the PointCareNOW device with flow cytometry as the
reference standard. The data included in this article was limited, perhaps because so many sites
are included in just one article. It is clear that different methods were utilized depending on the
site, for example, some sites used different comparator flow cytometry machines. As some
information was missing, limited information is available regarding patient flow. Patient flow is
an important aspect of the study design which allows for readers to assess the likelihood of
spectrum bias, as already discussed. In addition, there is no mention of blinding in the paper, and
it is not clear whether the same individual read the results of the index and that of the reference
standard. This again is of great concern as a potential source of information bias. Most notably

for this evaluation, the manufacturer of the PointCareNOW device (PointCare) published two
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letters to the editor in response to the findings of the paper, introducing some doubt when
interpreting the results.'®" In addition, the results reported indicate that the device strikingly
overestimated the CD4 count at all sites, with Bland Altman point estimates up to +180
cells/uL."" Considering the surprising results reported, the lack of clarity in the report and the
concerns raised by the manufacturers, we have utilized the results of this study with caution in

our meta-analysis.

At a conference in 2012, Barnabas et al presented details of a very relevant, field evaluation of
the PIMA device.” The first study to evaluate the device in a home testing environment, the
PIMA device was used in home-based counselling and testing in rural Vulindlela, Kwa-Zulu
Natal, South Africa.” Patients were first tested for HIV, if positive; the CD4 count was
completed straight away. This was a very interesting study, not only for the setting but also
because the patients were given the results of the PIMA device, to later take to a HIV clinic for
treatment. An analysis of the before and after effects showed that the number of people receiving
CD4 staging after a positive HIV test, increased from 59% to 100%, and the number initiated
onto ART rose from 68% to 85%.”* Further, the number of people retained in care after 3 months
increased from 72% to 88%.”* These pilot results are very promising and suggest that point of
care CD4 counting devices could make major differences to the care pathways of people
receiving care in rural settings.”>” It is not very clear how participants were recruited into the
study, what group was eligible to receive a home visit. If those people eligible for home based
screening were not also those people included in the study a bias could be introduced. This study
reported that 64% of participants were also already aware of their HIV+ status prior to the
study.”® This figure could perhaps indicate that people were motivated to take part in the study

for other reasons; maybe they wanted to receive the CD4+ cell count and so represent a more
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proactive population, more likely to seek care. The reasons are not clear, but it seems likely that
these could lead to an overestimation of the likely rate of ART initiation when POC CD4+ cell

counting devices are used.

An investigation by Herbert et al °° in 2012 was the first study to be completed exclusively in a
developed setting, and of particular interest are the results from their patient survey. The patients
eligible for the study were adults attending a large, inner city London HIV outpatient clinic. The
study included all patients accessing care and was split into two phases, first in chronically
infected and newly diagnosed patients, and secondly in acutely unwell or people re-accessing
care through a drop-in clinic. All participants underwent testing using the PIMA and the
laboratory flow cytometer in parallel and were then asked to complete a five-point Likert
questionnaire to collect their views. The paper reported accuracy (sensitivity, specificity and
Bland Altman) alongside results from the patient survey. They asked whether the PIMA was
preferable to the laboratory test and found that 54% of participants would prefer it. Results also
indicated that 87% were willing to wait for 20 minutes for the results. Additionally, 49% of
patients would be happy to have the POC test at their GP; preference for a GP test was associated
with higher CD4 counts (compared to lower CD4 counts) and for those chronically infected
(compared to newly infected). These results indicate that further investigations of patient
preference are warranted as there may be a need to improve the patient experience. However,
given the cross-sectional nature of the study, it is again subject to bias. It is unclear whether the
people accessing care at this clinic are representative of the wider population. Those people
accessing care at this clinic must already be happy with the care that they are receiving, this
survey misses people that have been lost to follow up; it is those people unhappy with the

standard care that could stand to benefit the most from POC CD4+ cell counting. As a result, the
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patient preference could be underestimated, and will not reflect the potential true benefit to the
population. Additionally, the questionnaire was not a validated questionnaire, and was only
piloted on a small number of patients prior to use. As the survey is not validated it is unclear how
well the questionnaire collects the intended information. Therefore, the results should be treated
with caution, overall though, the study points out the need for using qualitative research for POC

CD4 testing.

During 2013 the first evaluation of the point of care CD4 counting device from MBio from the
US was published alongside a further evaluation of the Partec miniPOC CD4.”*'”® The MBio
device was evaluated in HIV+ patients attending a university research HIV clinic in the US. The
POC MBio SnapCount system was compared against a reference flow cytometer. The POC
device was operated both in a laboratory setting for venous specimens and in the clinic for
capillary specimens.” There is some concern regarding the patient flow, as again this is a
convenience based sample. Additionally, exclusion criteria included anemia and contraindication
to venipuncture. However it is not clear how many people were excluded based upon these
criteria, if many people were excluded then this could be a problem. If very sick people were
excluded based on these criteria the results may not generalize to the population. Additionally, as
was the case for many of these studies, the blinding between the device and reference raters was
not explicitly stated, however the device counts were completed at different sites making it less

likely for information bias to be introduced here.”

Newer CD4+ cell counting concepts also are being developed, however, to date these
technologies have not been developed into marketable devices, or have not been evaluated. Some

of these developments could be very interesting and beneficial. A saliva based CD4+
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enumeration technique is being developed that may lead to a device that can provide CD4+ cell

counts from saliva, using serum levels of a protein that is correlated with CD4+ cell levels.'™

Most recently a handheld battery powered device that relies upon electrical impedance is being
developed, and early results from laboratory evaluations show promising results. The device
appears able to provide accurate results within 10 minutes, with little sample preparation, making
it a very option for the future.'” ' Handheld disposable devices could signal the next generation
of POC CD4+ cell counting devices, further eliminating the need for electricity. *”'%'% Hand
held devices will be a big help for those physicians who work in rural areas-they could test,
stage, initiate treatment in one-two visits, without waiting for a long time for lab results. This
could help link patients to care and retain patients in care, preventing loss to follow up, reducing

changes of viral rebound and development of resistance.
2.9 Previous meta-analysis and systematic review

To date, a number of narrative reviews of CD4+ cell counting devices have focussed on
technological aspects of devices.”**!'"” To the best of our knowledge, no comparative
evaluations of device performance have been performed, and there is a need to summarise the

current evidence of performance across devices.
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Chapter 3: METHODS

The methodologies employed in completion of this thesis are outlined in this section, along with

background information for some of the methods used to assess the POC CD4+ cells assays.
2.1 Protocol

Before conducting the systematic review, a protocol was created, submitted and accepted by the
Prospero register (No. CRD42013003666, appendix page 78). Prospero is an online repository of
protocols submitted by prospective systematic reviewers; the aim is to avoid unnecessary

duplication of work between research groups. 108

Search strategy

To identify relevant research a search strategy was created with a specialist librarian from the
medical library at the McGill University Health centre. The search was completed in April 2013
and included literature published from January 2000, up to April 2013. The search included 10
databases: Medline, Embase, BIOSIS, EBSCOhost, LILACS, African Index Medicus, Pubmed
(excluding Medline), Web of Science, Scopus, and Central. Conferences were searched using 4
databases: Biosis, Embase, Web of Knowledge and Scopus. Relevant conferences were also
manually searched: IAS 2011, AIDS 2012, IDSA, ISSTDR 2011, CAHR 2011, CAHR 2012,
CROI 2013, CROI 2012, and IAS 2013. A manual search of the grey matter was also completed,
this included relevant agencies and clinical trials registries: Health technology assessment
agencies, Canadian Agency for Drugs and Technologies in Health (CADTH), Ontario Ministry
of health and Long Term Care, World Health Organization (WHO), International Network of

Agencies for Health Technology Assessment (INAHTA), Joanna Briggs Institute, metaRegister
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of Controlled Trials (mRCT) and ClinicalTrials.gov. The search was updated in July 2013; this
was run in Medline only. In addition, the bibliographies of selected studies and relevant reviews
were then retrieved using Web of Science and Scopus. References retrieved from these studies
were used to evaluate the validity of the overall search strategy; only one additional poster was
retrieved via this search, indicating that the search strategy was valid.'” In addition to the search
of the published literature, the manufacturers of the point of care assays and related research
groups were contacted to request the latest results of evaluations; no additional information was

received.
Study eligibility

The ASSURED criteria are a set of benchmarks created by the WHO that define the minimal
characteristics of POC devices. These criteria are outlined a being Affordable, Sensitive,
Specific, User friendly, Robust and rapid, Equipment free, Deliverable to the people that need
them. ''® However these criteria, were found to be either too restrictive or too subjective, and so
instead a paper from 2012, by Pai et al. was used as the basis for defining POC.""" Studies were
eligible for inclusion if the device evaluated was commercially available, able to provide a rapid
result within a patient visit, and if it could be applied in resource limited settings.''' Concepts of

new technology were not included as these are not currently available for use.

Flow cytometry is the current gold standard for determining CD4+ cell counts in the developing
world. Studies were included only if the device was compared to a flow cytometry. Many
different machines and methods are utilized when completing flow cytometry. As the technique
should theoretically produce the same result across devices we did pool the results from different

reference devices. Where a study reported results compared to multiple methods, the
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FACSC Calibur, the most commonly used machine across the developing world was chosen as the
first choice and the FACSCount as the second choice where required. This rule allowed the
results from all selected studies to be included in the analysis. Results from other machines were
included if the FACSCount or the FACSCalibur were not used. Where studies reported sub
grouped data or data from multiple sites, these were included as separate studies, but only if there

was no cross-over between participants.

Selection criteria

The Bland Altman mean bias is the chosen outcome for this study, therefore only studies
reporting an absolute Bland Altman mean bias, along with a measure of variance, were included
in the analysis. Other outcomes, including sensitivity and specificity were also collected where

available.

HIV- participants were excluded due to the very wide variation in the CD4+ cell counts of HIV-
compared to HIV+ individuals. Including HIV- individuals would add unnecessary variability
that would not be noted in the real world. Only results including HIV+ only patients were

included in the analysis.

Children (younger than 16yrs) were excluded from the analysis as there is evidence of
hemodilution in these patients, making absolute CD4+ cell counts unreliable for this patient
group. Only percentage CD4+ cell counts are recommended for children. In addition, in an
update to the WHO guidelines, children are now recommended for ART initiation immediately,

regardless of CD+ cell counts.
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All studies were included, regardless of language. Translations would have been requested had
this been necessary, however this was not required. All citations, including abstracts, were

included if they reported contained sufficient information for the meta-analysis.
Screening process

After electronically searching the literature, the results were imported into the citation
management software, Endnote. Title and abstracts were screened simultaneously and
independently by two reviewers (SW and TC). At this stage the selected studies from the two
reviewers were compared, discrepancies resolved. Three (of 121: 2%) citations were different
between the two reviewers, these were included. Full text articles were obtained for the relevant
articles and both reviewers assessed for eligibility. This left a list of 16 identified studies that

were of direct relevance to the evaluation of POC CD4+ cell assays.
Data extraction

The data abstraction form was created and piloted on a subset of the included studies; the final
paper data abstraction tool is presented in the appendix, page 83. An Access database was
created based upon the final paper abstraction tool, an example of the input form is on page 87 of
the appendix. Later, data were directly entered into the database. Data was abstracted by
reviewer one (SW), the second reviewer (TC) abstracted data for 50% of the studies, the data
from the two reviewers was compared to check for discrepancies. In total from the 16 papers, 31
independent data points were included into our analysis. Where information was missing, authors

were contacted by email. One author provided additional new data.”*
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The data points initially collected from papers included details on the study design, populations
included, type of device, % similarity, measures of correlation, and measures of repeatability.
Initially we had hoped to complete a meta-analysis on multiple measures of accuracy and
repeatability. However it became clear that these outcomes were not consistently reported in the
selected articles and so the only outcome of interest that we could reliably report on became the

Bland Altman analysis.
Summary measures

Our selected outcome measure is the Bland Altman mean bias. This was the most consistently
reported measure across the eligible studies. The Bland Altman is appropriate for a quantitative
CD4 measure as it is a widely used and understood method that allows the agreement between
two measures of a continuous variable to be assessed on the same scale.''? The Bland Altman
mean bias allows for assessment of systematic differences between two devices, the Bland

Altman mean bias (d) is calculated as follows:

d = Z?=1xi_Yi
n

Where, i represents the subject, n is the total number of measures, x is the count from the index

. . 112
device and y is the count from the reference device.

The limits of agreement provide further details on the lack of agreement, by calculating the

standard deviation (s) of the Bland Altman mean bias (d) 95% of the differences will be expected
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to fall with 1.6 standard deviations of the mean. The limits of agreement (LOA) can therefore be

summarised as:

LOA=d+/-19s

Where, LOA= limits of agreement, d=Bland Altman mean bias, s= the standard deviation of the

. 112
bias measurements.

The LOAs are very important, in defining clinical equivalency for this analysis; we would expect
that 95% of the measurements should fall within +/- 30 cells/uL of the reference standard.
Therefore, devices that report differences outside of this range were not deemed to be equivalent
to the reference. Multiple methods exist for the evaluation of quantitative tests such as CD4
counting devices. Of the studies identified through the systematic review the majority of studies
used the Bland Altman measure to quantify the agreement between the CD4 device and the
reference. However four citations were excluded from our meta-analysis as alternative methods

95,113-115
were used to measure agreement.

Other outcomes were also considered such as accuracy (sensitivity and specificity) as well as
percentage similarity; however these measures were not systematically reported in the literature.
Sensitivity and specificity would have been a useful measure for such analysis, however, the
WHO guideline cut-off points for initiating treatment have changed from 200 cells/uL to 350
cells/uL in 2010, and then to 500 cells/uL in 2013. This meant that there was not consistent

reporting of a clinically appropriate accuracy measure.
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Other methods were also been used to assess the agreement of the devices, including linear
regression correlation (correlation coefficient), % Similarity, and Passing Bablock, however
there was either no consistency or the Bland Altman measure was deemed of better quality. The
linear regression coefficient is a poor measure of agreement as the measure of bias from each
device could be well correlated; i.e. both counts increase over the range, but the correlation
coefficient does not account for systematic differences between the counts; the Bland Altman

. 112
mean bias does.

2.2 Data Analysis

Meta-analysis allows for data from multiple studies to be summarised, synthesising a single
estimate of the effects. The benefit of a meta-analysis is that it provides an overall estimate of the
parameter, potentially improving the precision of the estimate and providing a more powerful

: 116,11
answer for the question posed.''*!!”

The aim of our meta-analysis is to produce an estimate of the average bias expected when point
of care CD4 devices are used, compared to the current reference standard. We wanted to provide
an estimate of the average Bland Altman mean bias for both capillary samples and for venous

samples. We also wanted, where the data allowed, to compare the performance of devices.

Bayesian Hierarchical Analysis

Traditional methods for meta-analysis involve combining data from multiple studies; these
methods can be built as fixed effects or hierarchical models (hierarchical models can also be
referred to as random effects models). In a hierarchical model we assume that the studies

included in our analysis are sufficiently similar to be pooled, but we want to maintain the
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variability within and across studies.''” This is an important aspect of the data analysis as we
would like to estimate the likely range of the bias for POC devices. The Bland Altman data
proved difficult to analyse using standard random effects models. We used a Bayesian approach

to create a hierarchical model to analyse the data for this thesis.

To our knowledge, a previous meta-analysis of Bland Altman data has not before been
attempted; the data analysis was therefore designed and implemented by Dr Lawrence Joseph.
As the Bland Altman mean bias can be both positive and negative, pooling only the Bland
Altman mean bias estimates could lead to erroneous results; the positive and negative results
could cancel. In using a hierarchical model, the variance around the mean bias is maintained and
provides a better estimate of the variability expected from these devices. The two parameters of
interest are the average Bland Altman mean bias across studies and the expected variance across

studies.
The model can be notated as follows:
Yy = Neugip o)
#iy ~ Ny, oppy’)
log(07") ~ N(itofer» Ooef”)

Where i is the Bland Altman mean bias from each study Y, and 0[,]2 is the variance from each

study. g is the global mean, and yg[g]z is the mean variance of the log of the variances.

As shown in the notation above, this hierarchical model can be summarized as having two levels,

allowing for variation at each level. The first level assumes that the Bland Altman mean bias
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from each study (pi;) follows a normal distribution, with a study specific variance (o[i]z). The
mean from each study is then described at the second level as following a normal distribution,
around a global mean (ju7) and a variance between studies (op;°). The log of each study variance

(log(cs[i]z)) was also assumed to follow a normal distribution, allowing for variation.

The WinBUGS program was used to run the model. As we have systematically reviewed the
evidence we assumed that all the information relevant to the field was included in the data, as
such we wanted the data to drive the inferences and therefore non informative priors were used

in the specification of the model.
Forest Plots

Forest plots provide a graphical way to explore the data. The results from each study with the
95% confidence intervals were plotted, along with the results from the meta-analysis where

available.
Bland Altman Mean Bias

The Bland Altman mean bias result from each study was plotted in a forest plot, alongside the
overall estimates from the meta-analysis. These plots give an indication of where the mean
biases fall around zero; zero indicating no difference between the index and the flow cytometry
(reference) result. In order to further investigate the clinical equivalence of the devices
(compared to the reference) the forest plots were also plotted with very strict limits placed along
the x-axis. By placing these limits the user is able to quickly identify the devices or situations
where the devices may not be working to clinical equivalency, these forest plots are presented in

the appendix, on pages 88 to 91. R was used to create the forest plots, using the forest.or.plot
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command.'"® When 95% confidence intervals of the Bland Altman mean bias were not reported
in the paper, these were derived from the available data (either limits of agreement, standard

errors or standard deviations), the method is presented in the appendix, page 93.
Sensitivity and specificity

The sensitivity and specificity of a diagnostic test can be described using the following

conditional probability statements:
Sensitivity = P(T+|D+)

Specificity=p(T-|D-)

Where P=probability, T+= testing positive, T-=testing negative, D+=disease positive, D-=disease

negative

Only 9 data points in total were available. Due to insufficient reporting, use of bilateral inclusion
ranges and changing definitions of a case, the data was difficult to pool. Instead, forest plots
were created to investigate the available data. Full information regarding the sensitivity and
specificity estimates for capillary samples were available from 6 studies and for venous samples

only 3 studies reported information; data points were only available for the PIMA device only.

These forest plots, can be used to visually compare the sensitivities and specificities of CD4+
cell counting assays, when used at the different cut-off points. However with limited data the
plots were not presented in the manuscript and are placed in the appendix on page 57. Forest

plots were created in R, using the forest.plot.or command.""® Where sensitivity, specificity or
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95% confidence intervals were not presented in the paper, raw data was used to calculate them in

R, example code is presented on page 92 of the appendix.
2.3 Analysis of Bias
Analysis of bias for evaluative studies

It is very important to consider the validity of the results included in the meta-analysis, unless
valid data is used, the results of the meta-analysis will be flawed. Systematic sources of bias can
arise in diagnostic accuracy studies, and can be broadly characterized as selection bias or
information bias. Selection bias could arise in diagnostic accuracy studies if the population
included in the study is not representative of the target population.'"” Information bias could
arise if the reference test was inappropriate, if there was lack of blinding between the operator of
the reference test and the POC device, or if there was a long delay between the reference and

blood draw.

Spectrum bias is also assessed using the QUADAS-2 criteria, whether the results are applicable
to the target population. Spectrum bias is introduced when a test is evaluated in a population that
is not clinically relevant.” For this reason we have only included HIV+ adults in our study, and

excluded a number of studies that reported results from HIV- populations.

To assess the quality of the methodology of each study, the QUADAS-2 criteria (Quality
Assessment of Diagnostic Accuracy Studies) were included in the data abstraction form.
Selection was considered to be appropriate if the participants were selected in a consecutive
manner. Blinding between the index and the reference test results was considered to have taken

place if explicitly stated in the methods, or if it was stated that these were completed in different
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locations by different staff. QUADAS-2 assessment was completed by each reviewer for each
study included, the results were compared and any discrepancies were resolved. The initial
agreement between reviewer one and reviewer two was found to be 60% (6/16 were scored
exactly the same by both reviewers), results are shown in the appendix, page 96. After

comparison and discussion, a jointly agreeable score for the discordant studies was reached.
Analysis of bias in meta-analysis

By completing a comprehensive review of the literature, using a valid search strategy and
multiple sources as we have done, will help to limit bias. However this will not protect against
publication bias (selective reporting of results), time lag bias (results being reported at different
speeds, according to the results), and outcome reporting bias (selectively reporting results
dependent on outcomes). ''® We contacted all authors included in our review, as well as
manufacturers of devices in an attempt to acquire unpublished work; however no additional data
was identified in this way (one author submitted additional data for a study already published).
As commercial interests will be related to the publication of evaluation studies of devices,

publication bias is important, and likely to have impacted on our results.''*'*’

Funnel plots provide on method for identifying publication bias, along with methods to test for
funnel plot asymmetry (such as the Egger test or Rosenthal’s Fail-safe methods).''*'*" A funnel
plot is a scatter plot of the effect measure, plotted against the study precision (inverse standard

2! In theory, the most precise studies should provide the most accurate estimate of the

error).
effect size, with less precise studies falling around this estimate, creating a funnel. In absence of

publication bias, these plots should be symmetrical.1 16,121
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Combining heterogeneous studies, chance, as well as reporting bias can lead to asymmetry of
funnel plots.'*! In fitting a hierarchical model, we are assuming differences between studies,
therefore a funnel plot will not add substantial information, and tests of asymmetry would likely

: 116,121
be meaningless. ''*

Many of the devices included in our analysis are in development, and it is likely that the
performance of these devices have changed over time. For this reason, this review will need to be

repeated when more information is available, and as the devices are developed.
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Chapter 4: RESULTS

Study Selection

Of the 4154 papers that were identified through the search, 16 studies were eligible for inclusion

into the study. Figure 2 details the study selection process. For the PIMA meta-analysis by

Ovid MEDLINE(R) In-Process & Other Non- 2" Additional search Conferences
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lected papers ( review articles) and updated
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y
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specimens, a total of 10 studies contributed a total of 11 data points to the venous meta-analysis

and 10 studies contributed 13 data points to the capillary meta-analysis (24 data points in total).

Summary of included studies

The mean sample size across studies was 2237 (min: 52, max: 1790, SD: 310-89). Most of the
included studies were completed in resource limited settings, of the 16 articles included in the
analysis, only two reported results from developed settings. Of the 23 individual evaluations
included, most (17/23, 74%) were completed in African countries. A table showing the

characteristics for each study is included in the appendix, on page 98.
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Quality of included studies

Both reviewers independently assessed the quality of each study using the QUADAS-2 criteria.
122 The scoring from each reviewer was compared (appendix page 96) and disagreements were
resolved, overall results are shown in figure 2. In assessing the quality of our chosen studies, we

found that all were of moderate or good quality (Figure 2).
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Figure 2 QUADAS-2 results
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Analysis of agreement

Overall, there was only sufficient data to allow for a meta-analysis of the PIMA device. The
results found that the PIMA device for capillary specimens had a small mean bias point estimate
of -2-98 cells/uL (SD 12-84, 95% Crl: -28-20, 22-76), (Figure 3). For the PIMA venous

subgroup the BA mean bias estimate was -26.45 cells/uL (SD 9.94, 95% Crl: -46-66, -6-81).

When assessing the performance of the MBio and the MiniPOC devices, the forest plot indicates
that the results from these studies fall within the range of accepted equivalency. This early
evidence indicates that these can also perform well, however, data is severely lacking in the

literature for these devices.
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Author, year and site
PIMA capillary samples

95% Cl for mean bias

95% Cl for mean bias

Diaw, etal., (2011), Senegal> Various urban -39 (-60.92 to -17.08)
puri-Zinyowera, etal.,z2010), Zimbabwe> Urban HIV clinic 7.6 (-6.6 t0 21.8)
Barnabas, etal. , (2012), South Africa>Home based 12 (-4.5 to 28.5)
Glencross, etal., (2012), South Africa> Hospital clinic -37.9(-77.99t02.19
Glencross, et al., (2012), South Africa> Urban primary care [2 mm*] —er -11.2 (-30.04 to 7.64
Glencross, et al., (2012), South Africa> Urban primary care [1.6 mm*] b 8.9 (-14.7 to 32.523
Glencross, et al., (2012), South Africa> Rural primary care — 105.7 (60.61 to 150.79)
Jani, etal., (2011), Mozambique>Primary care —o- -52.8 (-70 to -35.6)
Manabe, et al., (2012), Uganda> Urban hospital clinic - -66.3 (-83.4 t0 -49.2)
Mnyani and Mcintyre, (2012), South Africa> Urban HIV clinic © 20.5(11.7 0 29.3)
Thakar, etal., (2012), India>HIV research centre ©| -9.1(-11.77 t0 -6.43)
van Shaik, etal., (2011), South Africa>Mobile b 29.7 (16.92 to 42.48)
Mwau, (2013), Kenya>Various, hospital > 8.6 (-1.88 t0 19.08)
Pooled —— -2.98 (-28.2 t0 22.76)
SnapCount capillary samples i
Logan, etal., (2013), USA>HIVresearch centre —a -4 (-31 to 23)

PIMA venous samples
Diaw, et aI.,é201 1), Senegal> Various urban - -32 —43.27 to -20.63

Jani, etal., (2012), Mozambique>Primary care b -62.3 (-75.85 to -48.75)
Manabe, et al., (2012), Uganda> Urban hospital clinic - -68.5(-79.6 to -57.4
Morawski, et al., (2013), Uganda>Public health clinics s -48 (-59.11 to -36.89)
Thakar, etal., (2012), India>ART centre 0.2 (-0.77 t0 1.17)

van Shaik, etal., (2011), South Africa>Mobile 4 -45(-124t0 3.4)
Glencross, et al., (2012), South Africa> Hospital lab 6| -19.6 (-33.18 t0 -6.02)
Glencross, etal., (2012), South Africa> National lab ° -17.3 (-24.49 to -10.11
Mwau, (2013), Ken£a> arious, hospital and research - H -64.8 (-77.07 to -52.53
Sukapirom, etal., (2011), Thailand> Hospital lab hd H -54.2 (-63.6 to -44.8)
Tegbaru, etal., (2011), Ethiopia>Central and Hospital lab PP 2.3 (-4.45109.05)

Pooled - -26.45 (-46.66 to -6.81)
miniPOC venous samples

Henkel, etal., (2011), Zimbabwe>Hospital

6.6 (-43.8 t0 30.6)

SnapCount venous samples

Logan, etal., (2013), USA>HIV research centre -9 -10 (-24 to 4)
PointCareNOW venous samples

Bergeron, et al., (2012), Mozambique> National lab — 237 (185.86 to 288.14

Bergeron, et al., (2012), Mozambique> University lab — 212 (177.12 to 246.88

Bergeron, et al., (2012), Canada> National lab H : —— 150 (115.51 to 184.49

Bergeron, et al., (2012), South Africa> University lab —— 126 (93.9to 158.1)

Pooled —— 173.5 (435 t0 282.3)

Ao 4 Picl)

Underestimates Ov erestimates

Figure 3 Forest plot and pooled results, grouped by substrate used and POC device

The limits of clinical equivalency (+/-30 cells/uL) have been indicated on the forest plot in blue,
with these, it is clear which studies reported clinically equivalent results. Of the PIMA venous
specimen results, 5/11 (45%) fell completely outside of the range of clinical equivalency. The
PIMA capillary specimens were counted with better agreement, only 3/13 (23%) results fell
completely outside of the clinically equivalent range. One paper reported results for the
PointCareNOW device, the results indicated that the device over estimated the CD4+ cell count

to well outside of the range of clinical equivalency, figure 3. However, the manufacturer of the
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device, published letters to the editors has indicated that this study may not be reliable. We
therefore considered the results from this study to inconclusive, but presented the evidence in the

forest plots for completeness. '*"'*?

We also observed that a majority (62%; 23/27) of the studies reported funnel-shaped BA plots.
This indicates that the devices tend to be more accurate at lower CD4+ cell counts. In addition,
some studies (22%; 6/27) showed asymmetrical BA plots. This observation indicates that the

devices were liable to underestimate the CD4 counts, as also identified in our meta-analyses.

Sensitivity and specificity

Though sufficiently consistent data was lacking for a meta-analysis of the sensitivity and
specificity data, there was some information for the PIMA device. Full data is presented in the
appendix, page 99. In order to investigate the performance in a graphical way, the forest plot
below was created (Figure 4).

Author, year and cutoff (cells/ul)  95% Cl for specificity 95% Cl for specificityl)

95% Cl for sensitivity 95% Cl for sensitivity

Capillary
Herbert etal. 2012 200cells Ing 96 (93 to 98) — 93 (78 to 99)
Van Shaik etal.2011 200cells —e- 98 (94 to 100) —_— 81 (60 to 98)
Manabe et al.2012 250cells — 86.6 (79.8t0 91.4) — 96.3 (79.1 10 99.8)
Manabe et al.2012 300cells — 79.5(71.5t0 85.9) — 93.2 (80.3 t0 98.2)
Herbert etal. 2012 350cells — 88 (82 t0 93) — 95 (88 to 98)
Mnyani and Mcintyre2012 350cells — 86 (80 to 91) —e 93 (87 to 96)
Van Shaik etal.2011 350cells —e— 93 (86 to 97) — 85 (74 10 92)
Mwau et al. 2013 350cells — 87 (8210 91) — 90 (84 to 94)
Herbertetal. 2012 500cells — 71(61t079) —e 99 (95 to 100)
Venous
Van Shaik etal.2011 200cells hd 98 (96 to 99) — 89 (7510 97)
Morawski et al.2013 200cells Ind 97 (94 to 99) —_— 92 (78 to 98)
Manabe et al.2012 250cells — 85.4 (78.91090.1) E— 94.3 (79.5 to 99)
Manabe et al.2012 300cells — 75.3 (67.510 81.8) —e 98.2 (89.2 10 99.9)
Van Shaik etal.2011 350cells —e— 90 (85 to 94) — 89 (82 to 94)
Morawski et al.2013 350cells —e 91 (86 to 95) — 89 (80 to 95)
A A A A
50 100 50 100

Figure 4 Forest plot: Sensitivity and Specificity
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The data presented above does not represent the same cut-off, moving down the plot, the cut-off
increases, ranging from 200 cells/uL to 500 cells/uL. Considering the data, the PIMA appears to
perform well, with point estimates of specificities ranging from 71-98% and sensitivities ranging

from 81-99%.

Publication bias

Funnel plots were created to investigate the potential for publication bias. The most precise

studies should provide the most accurate estimate of the bias, with less precise studies falling

116,121
116

around this estimate, creating a funne In absence of publication bias, these plots should be

symmetrical. The below funnel plots include data from all studies; the blue dots indicate where
data could be missing, the black dots represent the included studies. Where there is not

publication bias, these plots should be symmetri<:al.”6’121
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Figure 5 Funnel Plot, all capillary and venous specimens

The plot for the capillary samples appears to be more symmetrical than the venous plot.
However, with such small amounts of data it is hard to make clear conclusions; we are already

convinced that additional data is needed for POC CD4+ devices. Asymmetry could be a result of

Page | 58



chance, different underlying populations being studied or reporting bias, as we already accept
that the studies are probably heterogeneous these funnel plots add very little, and tests for

symmetry could be misleading.
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Chapter 5: CONCLUDING CHAPTER

Summary of evidence

Our review suggests that overall, the POC CD4 devices included in the analysis (PIMA,
MiniPOC and MBio CD4) were comparable in performance to flow cytometry. The PIMA
device was the only device with enough data to allow for a meta-analysis. The meta-analysis
indicates that on average the PIMA was comparable in performance to the conventional flow
cytometer. Despite fewer data points and use of different underlying technologies, our forest

plots indicate that the MBio and miniPOC devices fall within the ranges of clinical equivalency.

The PIMA device for now, and certainly other devices like the MiniPOC and the MBio devices
in the future, offer the potential to be scaled up and operationalized in decentralized settings for

the monitoring and staging of HIV+ infected individuals.

Our secondary findings suggest that current POC devices work best for capillary specimens
(compared to venous specimens). This finding indicates that capillary blood could be safely used
to monitor CD4+ cell counts. In interpreting our findings for the PIMA meta-analysis, it is vital
that the mean bias results are not considered in isolation; the credible intervals (Crls) are more
informative (Crls are the Bayesian equivalent term for the Frequentist 95% confidence intervals).
These Crls estimate the likely range of the difference between the CD4+ cell counts of the POC
device and that of the reference. Given this, when considered in the context of the variance, the
PIMA device performed well. With Crls of -28-20 to 22-76 cells/uL, for capillary specimens we
can be confident that these devices can be used interchangeably with flow cytometry. The
evidence is less convincing for venous specimens, as the credible intervals fall outside of the
range of clinical equivalency. For venous specimens, the credible intervals are more of a
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concern, given the tendency for the CD4+ cell count to be more severely underestimated. This
leads to 95% credible intervals of 46-7 to -6-8, which fall outside of the limits of clinical
equivalency. Where resources are limited this finding is perhaps welcome; venous specimens
require specialist phlebotomists and the disposal of clinical waste is more complicated for

venous specimens.

Observations from the forest plots also support our finding. For the venous samples, 45% of
studies fell completely outside of the range of clinical equivalency. Capillary specimens
performed better, only 23% of studies falling completely outside of the range of clinical
equivalency. Given this closer agreement with the reference standard, it is clear that most POC
devices are best optimized for analysis of capillary specimens. This is an important observation
for all international settings. Oftentimes, phlebotomists are not easily available on site to draw
blood for venous specimens, but capillary specimens can be obtained easily by clinic staff after

some training.

In terms of interpretation of our statistical findings for the PIMA, we found that the variance in
the capillary specimens (SD: 12-84) is slightly larger than the venous specimens (SD: 9-94), this
increased variance is also clear from the forest plot. This indicates more variability in capillary
specimens that could perhaps be explained by variance in sampling technique. Meaning that
whilst the agreement between the POC device and the flow cytometer is better for capillary

samples, inconsistency in sampling technique could be increase the variability of results.

Sampling variability could further be explained by three key items: a) the type of lancet used to
obtain a finger stick sample, b) the sampling technique used, ¢) training of technicians, and d)

patient (blood flow should be optimum, in anemic patients it is sometimes hard to get a good
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blood sample from the finger). All these factors are important because they potentially impact on
the quality of the CD4 count.”® On the other hand, when phlebotomists draw blood for venous
specimens, a one-step procedure is used, and phlebotomists are well trained to take blood in a
consistent way. This perhaps accounts for the reduced variability in estimates for the venous
specimens. Typically, blade type lancets with a 1.8mm depth of penetration were used to obtain a

good sample of capillary blood, for the PIMA, a 25 L sample is required. *5¢-5%91

Some field studies reported issues in obtaining sufficient blood (due to patients being Anemic),
while some reported higher error rates when capillary blood specimens were used. 5°%%1-%123
This supports the assertion that the training of staff in proper capillary sampling is important and
that this training will standardize operating procedures, improve efficiency, translating to a better
specimen and a more accurate result. So, we would emphasize training (and certification if needs
be) to ensure the optimum performance of these devices that are hugely reliant on instruments.
Indeed, built in quality control systems should, and have been incorporated into these devices.
For example automatic control of cartridge expiry dates, sample volume control, as well as
compatibility with external quality assessment specimens all help to improve quality assurance

which is required for POC testing procedures.”"'**

Limitations

As is always the case when pooling published data, the meta-analysis is vulnerable to bias.
Because of the restricted data available, we were only able to fully pool data for the PIMA
device. More evidence must exist for the full range of devices that are on the market, but these
data have not yet been published. We have sufficient evidence for the PIMA device and we can

only make some conclusions about the MBio CD4 analyzer, the MiniPOC and the
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PointCareNOW. We were unable to find any published data relating to the performance of some

high profile devices (Zyomyx, VISITECT, Daktari, and HumaCount).

We also noted that a majority of the BA plots were funnel shaped. The use of the absolute mean
bias can make the BA plots appear to be funnel shaped, when in fact this is due to a large range

of the CD4 count.''* Because the ranges in the CD4 counts are wide, the mean bias is relative to
the CD4 count, and should be reported as such. However, in our sample only two studies

- . 91,102
reported the relative mean bias.”"

Future evaluations should report the relative mean bias,
which will take into account the fact that higher CD4+ cell counts are likely to differ more

distinctly between the index and reference. This would be a more useful measure for comparison

in future meta-analyses.
Transforming the delivery of care

POC assays could help to reduce the burden on patients in HIV care by halving the number of
clinic visits required and making care pathway less disjointed. Such changes could be of most
benefit to those individuals who face hardships when trying to access care; as they need to travel
far for treatment and do not have access to transport. Dependence of clinics on centralized
laboratories could be reduced and there will be no longer a need to transport bloods to
laboratories (for CD4 counting). HIV diagnosis is the entry point into HIV care. I[f POC CD4+
cell counting assays could be paired with POC HIV assays, the counselling received by HIV+

individuals could be tailored according to the stage of the disease in the individual.

Researchers are currently appraising the use of primary care clinics, mobile clinics, and home

.. e .. 72
based care as well as non physician clinicians for the provision of HIV care.®””’

The prevailing
aims of these projects are to decentralise care, function in areas where infrastructure is limited
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and to overcome patient barriers. These programs have provided some very promising results,
and the implementation of POC devices should be investigated to see if further gains can be
made. It is seems feasible that POC CD4+ devices, alongside POC HIV diagnostic testing could
allow clinics to provide the full range of care (from screening through to monitoring of ART) in
a decentralized setting in order to access hard to reach individuals in a patient friendly way.
ART-eligible patients could be triaged, or even started on ART immediately, without the need

for a referral; this would dramatically reduce the burden on patients.

Evidence for patient-centred outcomes (such as acceptability and preference), feasibility, cost
savings analyses and cost-effectiveness of POC CD4 devices is still very limited. These data
need to be generated for different settings and programs. With the potential benefits, cost
effectiveness analyses will be required that take into account test and equipment costs, staff
costs, quality control as well as the financial burden or benefits for patients.'* Patient-centred
outcomes such as preference, acceptability of the device, acceptability of the waiting time, and

preference for sample collection will need to be investigated
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Assessing the clinical impact often requires more sophisticated study designs, and often greater
investment. A randomised controlled trial (RCT) and patient questionnaire would be a rigorous
way to compare POCs with flow cytometry, and could show whether the implementation of
POCs deliver improvements in practice. The clinical impact on patient management of CD4

devices has been described in a few studies. The results of these studies are promising;

- A pilot of home based care (screening and CD4 count, then referral to a HIV clinic), in
rural South Africa, this program improved the number of people visiting an HIV clinic,
rising from 57% to 96%."*

- A POC CD4 device was successfully introduced to primary health sites in Mozambique.

The total loss to follow up prior to ART initiation dropped from 64% to 33%."

The estimates of the reduced loss to follow study from Mozambique have been used to estimate
the ‘cost per patient on ART’, given the increased uptake on ART of 33-64%.*'?° They found
that POC CD4 devices were a cost effective intervention, the incremental cost per additional
patient-year on ART was anticipated to be $221 over 10 years, compared to $223 without POC
devices.'*® However, this forecast is based on very little information and further implementation

studies will be required before accurate estimates can be made.
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Future directions for research

In completing this work we have identified various aspects where research into CD4 POC
devices needs to be strengthened. Future work should run along major themes; implementation
research, further evaluations of newer devices (preferably a head to head comparison of top
performing devices), cost effectiveness of devices in practice and update evidence on systematic

reviews when more evidence is available.

For evaluative studies of CD4 devices, a measure of difference that is independent of the range
of the CD4 count should be included in the study. We found that most studies reported funnel
shaped BA plots, this could be due to the use of the absolute mean bias. An absolute mean bias is
liable to bias when a large range of counts is included, as is the case in our included studies.
When the range of the counts is wide, the mean bias starts to be correlated to the CD4 count,

112

resulting in funnel shaped plots.~ The relative mean bias can account for this, however, in our

anlaysis only two studies reported the relative mean bias.”"'"

Future evaluations should report
the relative mean bias, as this would be a less biased tool for comparisons in future meta-
analyses. Education on the best measure to use must be presented to the device manufacturers

and those involved in evaluating the performance of such devices which require a digression

from sensitivity and specificity.

Further, these technologies are developing fast and many manufacturers are equipping their
devices with data storage and GPS capabilities, which can allow data to be transferred to online
cloud storage; encouraging technology-assisted quality control systems. For example a service in
Mozambique is using GPRS (general packet radio service) enabled PIMA devices to make use of

the already available cellular communication networks.'?” Such capabilities allow for regional
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and national level supervision of performance, tracking test results, and rapid resolution of
problems. These modern, high quality integrated care systems are sensitive to patient needs with

data storage and quality capability.

For global use, the absolute CD4 count has been shown to be unreliable in pediatric populations,
making many CD4 POC devices unsuitable for staging in this patient group. 128 New generations
of POC CD4 devices will need to incorporate the ability to provide CD4% for pediatric
populations.”” Currently, only two devices (PointCareNOW and the miniPOC) offer that option

and so further improvements and evaluations of these devices would be welcomed.

Looking beyond the next five years, the standard of care delivered in the developed world should
provide a model for aspiration for resource limited clinics. As technology becomes more
affordable and better quality assays become more accessible, CD4+ cell counting devices are
likely to be working side by side with viral load assays. Viral load assays provide a direct
measure of the viral burden and are much more sensitive to treatment failures.'* Viral load
assays are used in developed settings as standard care. As such these CD4+ cell counting devices
will be used less frequently, (once in 6 months) as is now the trend in more developed
settings.'”’ Therefore, the development of affordable POC viral load assays will be needed in

tandem with CD4 POC’s so as to provide the best care in global settings.
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APPENDICES

Prospero protocol

Review methods

15

16

18

Review question(s)

State the question(s) to be addressed / review objectives. Please complete a separate box for each
question.

What is the state of the art evidence on performance of point-of-care CD4 assays, from accuracy through to
impact, in global settings?

What is the state of the art evidence on performance of point-of-care Viral Load (VL) assays, from accuracy
through to impact, in global settings?

Searches

Give details of the sources to be searched, and any restrictions (e.g. language or publication period). The
full search strategy is not required, but may be supplied as a link or attachment.

DATA SOURCES AND SEARCHES
The systematic review will be conducted according to the road map for diagnostic reviews. '

Our search strategy will be comprehensive and performed to the highest standards laid out by the PRISMA
guidelines. Our search strategy will cover the time period from 1 January 2000 to 1% October 2012.

SOURCES OF DATA

We plan to search 6 electronic databases (i.e., PubMed, Embase, BIOSIS, Web of Science, Cochrane
Central, CINAHL) seeking to identify all original studies. Our search will also include screening of
bibliographies in relevant primary studies and review articles. We will contact authors and experts for
additional data and unpublished work. A hand search of citations from selected studies will also be done.

INCLUSION AND EXCLUSION CRITERIA

Any study that has utilized a CD4 point-of-care test will be included. In case of non-availability of full-text
articles, abstracts will be included if they provide sufficient information. Brief reports and grey literature will
also be included.

English and Non-English articles will be included. Studies conducted in human populations will be included.
Perspective pieces, editorials, opinions and narrative and other reviews will be shortlisted, but not included in
the systematic review.

SEARCH STRING
The search strings will be generated with the help of a librarian, who will also be consulted on the search of

the databases.

STUDY SELECTION

Two reviewers will independently screen the citations retrieved from all six data sources. After pooling
citations from all databases, and after removing duplicates, identified citations will be reviewed for a final
selection. A list of excluded studies will be made available by the authors upon request. All full-text articles,
abstracts, letters, brief reports published will be included, provided complete information can be elicited from
them. A third reviewer will help resolve disagreements between the two reviewers.

Condition or domain being studied

Give a short description of the disease, condition or healthcare domain being studied. This could include
health and wellbeing outcomes.

The global impact of HIV/AIDS has been widely acknowledged. An estimated 34 million (95%Cl: 31.6-35.2
million) people globally are infected with HIV, of which a vast majority (68%) reside in Sub-Saharan Africa."™'
Although developed countries like Canada and the United States have benefited greatly from the introduction
of antiretroviral therapy (ART) bezginning in 1996, in contrast, ART became widely available in African
countries only recently (2004). 13
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20

With universal access to treatment, 400,000 people with HIV in low and middle income countrles were on
ART in 2003; at the end of 2009, this number had increased to approximately 5 million.”

As of 2011 about 7 million people in low and middle income countries were on ART, an expansion from 39
to 47%." ® However, global estimates of the number of individuals with HIV requiring ART is expected to
exceed 14 million by 2012. With expanded universal access, countries and programs are bound to face
additional challenges of bringing people to test, effectively treating and monitoring them, and efficiently
scaling up infrastructure to cope with the increasing numbers on treatment. ART consists of a combination of
antiretroviral drugs and is the standard treatment for people living with HIV/AIDS. ART is highly effective in
controlling HIV replication, improving a patient’s immune status and prolonging the life of individuals with
HIV/AIDS, as evidenced by the i |ncrease in life expectancy of HIV-1 infected individuals in the developed
world since the introduction of ART.?' A major challenge in managing individuals on ART is monitoring |ts
effectiveness with the overarching goal of preserving treatment options and preventing treatment failure.”™” In
resource rich settings, laboratory based CD4, CD8 and viral load (VL) RNA assays are ubiquitous and are
widely used to: a) assess eligibility for ART, b) initiate ART, ¢) monitor ART response (i.e., virological and
immunological failure), and d) initiate treatment switches. These stepwise processes are intended to
expedite clinical decision making to optimize/maximize the response to ART. In contrast, in resource limited
settings (RLS), conventional laboratory based CD4 and VL assays are expensive to procure, maintain and
operationalize. Due to high costs of monitoring, patients are sub-optimally monitored for resistance (due to
lack of inexpensive VL assays) in many RLS settings. Further, clinical monitoring based on presenting
symptoms (WHO clinical staging), although widely used in settings where dlagnostlc facilities are limited, is
suboptimal and oftentimes ineffective in controlling and managing HIV infection.?' Surrogate markers such
as CD4 cell count and VL are the best prognostic predictors of ART response, and have been used
extensively for clinical staging, ART initiation, and effectively detecting ART failure in developed settings for
decades. Within this context, there is a huge push to fund, develop, evaluate, monitor and scale up use of
point-of-care (POC) CD4 and VL assays, since these biomarker based assays are known to play a huge role
in monitoring disease progression and response to ART. Several POC CD4 and VL assays are being used at
point-of-care or being evaluated, but the evaluations are currently ongoing and evidence on their global
performance and diagnostic accuracy, patient-centreed outcomes, impact on clinical decision making and
economic outcomes has, to date, not been synthesized.

Participants/population

Give summary criteria for the participants or populations being studied by the review. The preferred format
includes details of both inclusion and exclusion criteria.

HIV infected populations that are confirmed positive, being staged, initiated or monitored for treatment,
worldwide (resource rich and RLS settings). These will include patients studied as part of established HIV
positive cohorts, cross sectional studies, and clinical trials.

Intervention(s), exposure(s)
Give full and clear descriptions of the nature of the interventions or the exposures to be reviewed

POC CD4 assays include strip based tests and handheld devices, below lists the test currently available:
Zyomyx & Visitect (Omega Diagnostics, Burnet Institute UK)

Coulter CD4 Count kit (Beckman Coulter Inc., USA)

Dynal T4 Quant Kit (Dynal Biotech, Oslo, Norway)

PointCare NOW™ (PointCare Technologies Inc., USA)

Alere PIMA™ CD4 (Alere Inc., Germany)

CyFlow® miniPOC (Partec Germany)

Daktari™ CD4 Counter (Daktari Diagnostics, Inc., USA)

MBio™ Diagnostics CD4 system (MBio Diagnostics, Inc., USA)

CD4 Point of Care Technology (BD Biosciences, USA) 138

VL point-of-care and rapid tests:

SAMBA (Diagnostics for the Real World, UK)

Liat Analyzer (IQuum Inc., USA)

NAT system (Alere Inc., Germany)

GeneXpert System (Cepheid, USA)

EO-NAT HIV Rapid RNA Assay system (Wave 80 Biosciences, USA)
1B£nchtop Analyzer (Advanced Liquid Logic, Inc., USA) under development
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22

23

24

25

26

Comparator(s)/control

Where relevant, give details of the alternatives against which the main subject/topic of the review will be
compared (e.g. another intervention or a non-exposed control group).

For CD4 POC assays the reference standard of choice for the evaluation of diagnostic accuracy is the flow
cytometer. The reference standard for Viral load assays is viral RNA detection by nucleic acid amplification
technologies, which are costly and require sophisticated laboratory infrastructure.

Types of study to be included initially

Give details of the study designs to be included in the review. If there are no restrictions on the types of
study design eligible for inclusion, this should be stated.

No type of study will be excluded
Context

Give summary details of the setting and other relevant characteristics which help define the inclusion or
exclusion criteria.

Global populations, including both resource rich and resource-limited settings. Please see “19
Participants/populations” for further details.

Primary outcome(s)
Give the most important outcomes.

Primary objectives: to determine the diagnostic accuracy parameters (i.e., sensitivity, specificity) and
precision (i.e., coefficients of variation, inter-rater and intra-rater reliability) of CD4 POC assays.

Secondary outcomes
List any additional outcomes that will be addressed. If there are no secondary outcomes enter None.

Secondary outcomes - Patient centred outcomes: In line with the GRADE recommendations, we will assess
the impacts of tests on patient centred outcomes such as time to staging, time to clinical decision making,
time to treatment initiation, and loss to follow up

Tertiary outcomes (if studied) will include feasibility and cost effectiveness.* However, given that the field is
in its infancy, we expect it to be unlikely that these outcomes will be reported.

Conflict of interest: In this review, we will also collect data to assess the influence of conflicts of interest in
industry-sponsored studies compared to studies sponsored by government health agencies.

Data extraction, (selection and coding)

Give the procedure for selecting studies for the review and extracting data, including the number of
researchers involved and how discrepancies will be resolved. List the data to be extracted.

DATA ABSTRACTION

Each study will be assigned a unique ID. A master list linking IDs and authors will be created. Where
necessary, authors will be contacted for additional information. Data abstraction will be conducted
independently by two reviewers. Disagreements will be resolved by consensus and in consultation with a
third reviewer.

DATA ABSTRACTION FORM

A pre-piloted data abstraction will be created in Excel in consultation with the review committee. Data on the
following will be abstracted: study setting, country, year, study design, sample size, participant
characteristics, eligibility criteria, objectives of testing, index test, reference tests, primary outcomes such as
diagnostic accuracy parameters (i.e., sensitivity, specificity), secondary outcomes, prevalence, feasibility,
preference, impact, and cost. To evaluate the association between reporting of conflicts of interest and
reporting of positive results, a section on the role of study sponsors, declaration of funding, and study results
(i.e., positive, negative, neutral) will be included. A section on quality assurance and quality control of
laboratory reporting will evaluate test conduct in field settings.
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Risk of bias (quality) assessment

State whether and how risk of bias will be assessed, how the quality of individual studies will be assessed,
and whether and how this will influence the planned synthesis.

Elements for critiquing and reporting of methodological quality will be adapted and incorporated from the
QUADAS-2 that are domain based and give a high, low and unclear risk of bias, and STARD reporting
checklists "%

i) Publication Bias: We will attempt to minimize publication bias by searching several databases, by
contacting companies and experts for unpublished and ongoing studies and by including English and Non-
English studies.

ii) Selection Bias: We will minimize bias in study selection by ensuring that two reviewers independently
screen and select the relevant studies; reviewers will be blinded to article authors.

iii) Data Extraction Bias: Data extraction bias will be reduced if two reviewers independently extract data
using a pre-piloted standardized data extraction form. Disagreements will be resolved in consultation with a
third reviewer. Authors will be contacted if further data are necessary.

iv) Bias in Synthesis: We will avoid the common pitfalls of simple pooling of sensitivity and specificity, and
instead analyze data using SROC and bivariate random effects regression methods. These methods are
more meaningful and are also recommended by the Cochrane Diagnostics Reviews Group as the preferred
approach.™’

Strategy for data synthesis

Give the planned general approach to be used, for example whether the data to be used will be aggregate
or at the level of individual participants, and whether a quantitative or narrative (descriptive) synthesis is
planned. Where appropriate a brief outline of analytic approach should be given.

We will establish the diagnostic accuracy parameters and the precision of CD4 POC assays when utilized
in research, implementation and as part of roll out projects for the monitoring of HIV infected individuals.
Our search will be systematic, in line with established guidelines and PRISMA checklist. Our review will be
registered with PROSPERO.

Analysis of subgroups or subsets

Give any planned exploration of subgroups or subsets within the review. ‘None planned’ is a valid
response if no subgroup analyses are planned.
None planned. Our plans will depend on the data available from studies.
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Review title and timescale

1

Review title

Give the working title of the review. This must be in English. Ideally it should state succinctly the
interventions or exposures being reviewed and the associated health or social problem being
addressed in the review.

Evaluation of diagnostics and overall performance of point-of-care CD4 and Viral Load assays for
monitoring HIV infected individuals being treated with Antiretroviral Therapy (ART)

Original language title

For reviews in languages other than English, this field should be used to enter the title in the
language of the review. This will be displayed together with the English language title.

Anticipated or actual start date

Give the date when the systematic review commenced, or is expected to commence.
12/1/2012

Anticipated completion date

Give the date by which the review is expected to be completed.

12/3/2013

Stage of review at time of this submission

Indicate the stage of progress of the review by ticking the relevant boxes. Reviews that have
progressed beyond the point of completing data extraction at the time of initial registration are not
eligible for inclusion in PROSPERO. This field should be updated when any amendments are made
to a published record.

Page | 82



Paper data abstraction tool

Page | 83

Systematic Review and Meta-Analysis: CD4 Point of Care Assays

2013

Record ID:

Reviewer: O ,Samantha Wilkinson O ,Tiago Chiavegatti

, O ,English " 9 O ,Yes
Language: O Other.ueeeeecinnn Rublished: O oNo
Country: Year published:

Recruitment period: Sample size:

O ,Yes, non response

1Diagnostic test evaluation

O
0O gNo : O LRCT
? .
Author contacted? O .Yes, response Study design: O .Observational
[0 4Other o
Further information
PrOVILEA BY the AULRONS: 11 1 1 0
O , Rural O ;Academic med centre o Hos!mal -
z . [0 4 Dedicated HIV clinic
Setting: O ,Urban O ¢ Community centre -
O sMixed O Mobile clinic o Frimary care
Choice from...
Resources of area: O ,lowincome O ;High income O ,Paper
O ,Middle income . - O gOther ...
O ,Temperate O ;Extreme heat Choice from...
Environment: O ;Humid O Extreme cold O sPaper
O gOther .o,
S O ,Full paper O ;letter O sThesis
Type of publ 2 : ’ °
ype of publication O ,Conf.abstract O ,Unpublished
Participants
[0 ;Absolute O 30ther...oooiviiinn
Mean CD4 of sample pop e e eneneneee L) 3 PETCENLAEE [0 4Not reported
Participant characteristics [ Adults O :male O ;Not stated
Tick all that apply O ,Children (<18yrs) O sFemale O Other
0 ;Neonates (<1 mon) [0 ¢Pregnant women
Agerange
HIV status O LAl HIV positive sAlLHIV negative O sOther

oog

O ,Mixture
Pleaselist » > =
[0 ;None stated
Patient sampling strategy: [ ;Nonzero probability O ;Retrospe;

sNot stated
Exclusion criteria

[0 ;Not stated

[0 ,Convenience based [0 sProspective
Missing data
O ,Yes O jincluded in analysis
Any missing data? O gNo Missing data in analysis; O :Excluded from analysis

Ethical considerations

Conflict of interest stated? [ ,Yes O ¢No
Declaration of funding O Industry O  ,University

Study sponsor:

Reviewer concerned

. . Yes O 4No
about conflict of interest? ! 0

[0 sPu

[0 ;Not stated




Page | 84

Systematic Review and Meta-Analysis: CD4 Point of Care Assays 2013

Record i [ ]

Point of care device

Company name:

O Flow cytometry

Type of technology:

Test name:

Type of CD4 test: 1Quantitative

O
O Otherv s O .Qualitative
?
Time from sample to test: Marketable P’°"",“' o) g
i.e. not concept/technique O oNo
ASSURED criteria
Costs reported: {[L-TOO | :
P R fotaipegtest O Designed as low cost
Per test: e O Not stated
Operated by...
. O vYes O  (Clinic staff O ;Not stated
- ? 1 1 3
User-friendly? O ,No O ,Technicians O 20ther e
Time to result:
X O Mobile [0 sWater not required
Robustness: [0 ,Battery powered O .Other >
IR I T O ,lab test O .Table top device
ypP quip . O ,Handheld device O Unclear >
O ,Venous blood O sSaliva
Type of substrate used: O ,Capillary blood O Other >
Amount of substrate required:
QC measures taken? O ,Yes 0 No [0 ;Notstated
Device limitations: [0 ,None stated
. . [0 sFresh [0 3Notstated
Condition of specimen [0 ,Frozen 0 Other >
Training provided by device manufacturer? g Dl::s 1B o
1
0 ;Not stated

Ambient conditions required for sample prep?

Reference test

Company name: et | TESEDAMES
O sFlow cytometry O ;Quantitative
Tvpe Of tEChn‘)logY: I:l Other....oonnn Type Of CD4 test: D zQuaIitative
Time from sample to test: Marketable product? g 1:.;9:
0

Time to result:
Type of substrate used: O ,Capillary blood
Amount of substrate required:

O 4Fresh

Condition of specimen - LFrozen

O ,Venous blood

O sSaliva
O Other >

sNot stated
LOther >




Page | 85

Systematic Review and Meta-Analysis: CD4 Point of Care Assays 2013
Recordi: ||
Primary Outcomes
% Similarity
Mean sD MPD Standard v
Data pair similarity Mean Mean % deviation Correlation
similarity difference MPD coefficient

Notes

Bland Altman
. Bias 95% Cl of mean .
Data pair Mean difference 0rsD Limits Of Agreement

Notes

Accuracy of POC test
Number of true/false +ves/-ves
Cut off point TP TN GR FN LR+ LR- OR Sens Spec
Notes
Other results reported
Group
Notes




Page | 86

Systematic Review and Meta-Analysis: CD4 Point of Care Assays

2013

Recordi: [ ]

Patient centered outcomes

Patient Centered Outcome reported? 0O Yes O gNone reported
Outcome reported Findings
QUADAS
Where there inappropriate exclusions? 8 A 8 &
. . . . O L O sUncl
Concern that included patients do not match the review question? O 1H?:I’w snclear
2
a Ly O oN
Delay between sample and test acceptable? M= Cil
Blinding between reference and POC? O aves O oNo
e f f 0 Ly o
Difference between test and review question? M
Could conduct or interpretation have introduced bias? g 1‘&5 o
0
" . " a Ly a I
Is the reference standard likely to correctly classify the target condition? O jNis B
o
Were the reference standard results interpreted without knowledge of the O ,Yes o ,u
results of the index test? O oNo
Could the reference standard, its conduct, or its interpretation have O ;low O sUnclear
introduced bias? O High
Any concern that the target condition as defined by the reference standard [ Low
does not match the review question? O High
Was there an appropriate interval between index test(s) and reference O ,Yes
standard? O No
+ " . O ,Yes
Did patients receive the same reference standard? O No
0
. g . a L,y
Did all patients receive a reference standard? o s
oNo
. . . . O Ly
Were all patients included in the analysis? O 1185
oNo
Could the patient flow have introduced bias? g :h?; o At
2

Notes

O Include paper
O Exclude paper

Final decision:



Access database data abstraction tool (screenshot)

|

d study desig ‘u-s

@ Participants and study design

Language:
Country:

Recruitment period:

Author contacted?:

Further information provided by the authors:
Setting:

Resources of area:

Environment:

Type of publication:
Missing data?:

Missing data in analysis?:

Number if excluded samples and details:

5] Accuragy of P

Record number: H

]

Reviewer:

‘Samantha Wilkinson E]\

English

[=]

Cameroon

Dec 2009 - Jan 2010

Published?:
Year published:
Sample size:

Study design:

_1 Rural, 2 Urban, 3 Mixed q
(]
B
1 Full paper B|
1Yes

|2 Excluded in analysis

3 excluded, bad samples

Mean CD4 of sample:

Particioant characteristics1:

Age range:

HIV status:
Exclusion criteria:

Patient ampling strategy:

fves B

{2012 ‘

= |

1 Diagnostic test evalu[=]

|Yaounde 989+-883, ‘
[Amhano 1N22-4794

[1 Adults. 2 Children. 4 [=]
|2 Mixture [~]
Only excluded 3 'poor '
nre-analvtical nren'

|2 convenience based [+]

Conflict of interest stated?: 0No ]
Declaration of funding: ]
-
Study sponsor: |Not stated
Reviewer concerned about conflict of interest?: |0 No POE testnames Autod0 flow
i |cvtometer
Rﬂcofd: N ) 1 M37 ’ " L l \6\ No Filter seerh | ‘ [ g

1 View

Page | 87



Forest Plots

Figure 6 Forest plot: Bland Altman by sample, clinical equivalence limits

Author, year and site 95% CI for mean bias 95% Cl for mean bias
Capillary samples
Diaw, etal., (2011), Senegal> Various urban ) S— -39 (-60.92 to -17.08)
Mtapuri-Zinyowera, et al., (2010), Zimbabwe> Urban HIV clinic I e — 7.6 (6.6 t0 21.8)
Barnabas, etal., (2012), South Africa>Home based R I S— 12 (-4.5t0 28.5)
Glencross, et al., (2012), South Africa> Hospital clinic -37.9 (-77.99t0 2.19)
Glencross, et al., (2012), South Africa> Urban primary care [2 mm*] -11.2 (-30.04 to 7.64)
Glencross, et al., (2012), South Africa> Urban primary care [1.6 mm*] 8.9 (-14.7 to 32.5)
Glencross, et al., (2012), South Africa> Rural primary care <—105.7 (60.61 to 150.79)
Jani, etal., (2011), Mozambique>Primary care < -52.8 (-70 to -35.6)
Manabe, et al., (2012), Uganda> Urban hospital clinic —_—> -66.3 (-83.4 to -49.2)
Mnyani and Mclintyre, (2012), South Africa> Urban HIV clinic —_— 20.5(11.7 10 29.3)
Thakar, et al., (2012), India>HIV research centre —e— -9.1 (-11.77 to -6.43)
van Shaik, etal., (2011), South Africa>Mobile —_—> 29.7 (16.92 to 42.48)
Mwau, (2013), Kenya>Various, hospital T 8.6 (-1.88 to 19.08)
Logan, etal., (2013), USA>HIV research centre -4 (-31 to 23)
Pooled = -3.06 (-26.21 t0 20.31)
Venous samples
Diaw, et al., (2011), Senegal> Various urban < -32 (-43.37 t0 -20.63)
Jani, etal., (2012), Mozambique>Primary care — -62.3 (-75.85 to -48.75)
Manabe, et al., (2012), Uganda> Urban hospital clinic =~ ——> -68.5 (-79.6 to -57.4)
Morawski, et al., (2013), Uganda>Public health clinics < -48 (-59.11 to -36.89)
Thakar, etal., (2012), India>ART centre <+ 0.2(-0.77t0 1.17)
van Shaik, etal., (2011), South Africa>Mobile — -45(-124t0 34)
Glencross, et al., (2012), South Africa> Hospital lab —_— -19.6 (-33.18 t0 -6.02)
Glencross, et al., (2012), South Africa> National lab —_— -17.3 (-24.49t0-10.11)
Mwau, (2013), Kenya>Various, hospital and research e -64.8 (-77.07 to -52.53)
Sukapirom, etal., (2011), Thailand> Hospital lab —> -54.2 (-63.6 to -44.8)
Tegbaru, etal., (2011), Ethiopia>Central and Hospital lab —T— 2.3 (-4.45109.05)
Henkel, etal., (2011), Zimbabwe>Hospital -6.6 (-43.8 to 30.6)
Logan, etal., (2013), USA>HIV research centre —_— -10 (-24 to 4)
Pooled <8 -24.16 (-40.97 to -7.22)
A A A
-40 0 40
Underestimates Overestimates
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Figure 7 Forest plot: Bland Altman by sample and device, clinical equivalence limits

Author, year and site
PIMA capillary samples

95% Cl for mean bias

95% Cl for mean bias

Diaw, etal., (2011), Senegal> Various urban . € -39 ((-60.92 t0-17.08)
Mtapuri-Zinyowera, et aI.§201 0), Zimbabwe> Urban HIV clinic —_—T 7.6 (-6.6 t0 21.8)
Barnabas, et al. , (2012), South Africa>Home based, 12 (4.5 to 28.5)
Glencross, et al., (2012), South Africa> Hospital clinic -37.9 (-77.99 to 2.19;
Glencross, etal., (2012), South Africa> Urban primary care [2 mm*] -11.2 (-30.04 to 7.64
Glencross, etal., (2012), South Africa> Urban primary care [1.6 mm*] 8.9 (-14.7 to 32.5%
Glencross, et al., (2012), South Africa> Rural primary care <——105.7 (60.61 to 150.79)
Jani, etal., (2011), Mozambique>Primary care < -52.8 (-70 to -35.6)
Manabe, et al., (2012), U?anda> Urban hospital clinic e -66.3 (-83.4 to -49.2)
Mnyani and Mcintyre, (2012), South Africa> Urban HIV clinic e a— 0.5 (11.7 t0 29.3)
Thakar, et al., (2012), India>HIV research centre —— -9.1(-11.77 to —6.48)
van Shaik, etal., (2011), South Africa>Mobile —_— 29.7(16.92 to 42.48)
Mwau, (2013), Kenya>Various, hospital I s — 8.6 (-1.88t0 19.08)
Pooled = -2.98 (-28.2 10 22.76)
SnapCount capillary samples
Logan, etal., (2013), USA>HIV research centre -4 (-31t0 23)
PIMA venous samples
Diaw, etal.,£2011) Senegal> Various urban <o -32 (-43.37 to -20.63
Jani, etal., (2012), Mozambique>Primary care q -62.3 (-75.85 to -48.75)
Manabe, etal., (2 12%; Uganda> Urban hospital clinic -68.5 (-79.6 to -57.43
Morawski, etal., (2013), Uganda>Public health clinics < -48 (-59.11 to -36.89)
Thakar, etal., (2012), India>ART centre A 0.2 (-0.77 to 1.17)
van Shaik, et’al., (2011), South Africa>Mobile —_— -4.5(-12.4 10 3.4)
Glencross, etal., (2012), South Africa> Hospital lab _— -19.6 (-33.18 t0 -6.02)
Glencross, et al., (2012), South Africa> National lab —_— -17.3(-24.49 to -10.11;
Mwau, (2013), Ken¥a> arious, hospital and research ﬁ -64.8 (-77.07 to -52.53
Sukapirom, et al., (201 B’ Thailand> Hospital lab -54.2 (-63.6 to -44.8)
Tegbaru, et al., (2011), Ethiopia>Central and Hospital lab —t— 2.3 (-4.45t0 9.05)
Pooled -26.45 (-46.66 to -6.81)
miniPOC venous samples
Henkel, etal., (2011), Zimbabwe>Hospital -6.6 (-43.8 to 30.6)
SnapCount venous samples
Logan, etal., (2013), USA>HIV research centre —_———— 1 -10(-24to 4)
PointCareNOW venous samples
Bergeron, et al., (2012), Mozambique> National lab 23718586 to 28814
Bergeron, et al., (2012), Mozambique> University lab 274771240 24688
Bergeron, et al., (2012), Canada> National lab o0t 55 Ho 18449
Bergeron, et al., (2012), South Africa> University lab +26(93-5to156-17
Pooled < 173.5 (43.5t0 282.3)
Underestimates Overestimates
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Figure 8: Forest plot: Bland Altman by staff group, with clinical equivalence limits

Trial

Clinic and/or nursing staff

Diaw, etal., (2011), Senegal> Various urban

Mtapuri-Zinyowera, et al., (2010), Zimbabwe> Urban HIV clinic
Barnabas, etal., (2012), South Africa>Home based

Glencross, et al., (2012), South Africa> Hospital clinic

Glencross, et al., (2012), South Africa> Urban primary care [2 mm*]
Glencross, et al., (2012), South Africa> Urban primary care [1.6 mm*]
Glencross, et al., (2012), South Africa> Rural primary care
Jani, etal., (2011), Mozambique>Primary care

Manabe, et al., (2012), Uganda> Urban hospital clinic
Mnyani and Mcintyre, (2012), South Africa> Urban HIV clinic
Thakar, et al., (2012), India>HIV research centre

van Shaik, etal., (2011), South Africa>Mobile

Mwau, (2013), Kenya>Various, hospital

Lab and/or clinic staff

Logan, etal., (2013), USA>HIV research centre
Diaw, et al., (2011), Senegal> Various urban
Jani, etal., (2012), Mozambique>Primary care

Lab staff

Manabe, et al., (2012), Uganda> Urban hospital clinic
Morawski, et al., (2013), Uganda>Public health clinics
Thakar, et al., (2012), India>ART centre

van Shaik, et al., (2011), South Africa>Mobile
Glencross, et al., (2012), South Africa> Hospital lab
Glencross, et al., (2012), South Africa> National lab
Mwau, (2013), Kenya>Various, hospital and research
Sukapirom, et al., (2011), Thailand> Hospital lab
Tegbaru, etal., (2011), Ethiopia>Central and Hospital lab
Henkel, etal., (2011), Zimbabwe>Hospital

Logan, etal., (2013), USA>HIV research centre
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9.1 (-11.77 t0 -6.43)
29.7 (16.92 to 42.48)
8.6 (-1.88 10 19.08)
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-32 (-43.37 t0 -20.63)
-62.3 (-75.85 to -48.75)

-68.5 (-79.6 to -57.4)
-48 (-59.11 to -36.89)
0.2 (-0.77 10 1.17)
-45(-12.4 10 3.4)
-19.6 (-33.18 t0 -6.02)
-17.3 (-24.49 t0 -10.11)
-64.8 (-77.07 to -52.53)
-54.2 (-63.6 to -44.8)
2.3 (-4.45 10 9.05)

-6.6 (-43.8 t0 30.6)

10 (-24 to 4)



Figure 9 Forest plot: Bland Altman by reference, clinical equivalence limits

Trial
Beckman Coulter Flow Cytometer

Diaw, etal., (2011), Senegal> Various urban
CyFlow SL-3

Mtapuri-Zinyowera, et al., (2010), Zimbabwe> Urban HIV clinic
EPICS-XL

Barnabas, etal., (2012), South Africa>Home based
FACSCalibur

Glencross, etal., , South Africa> Hospital clinic
Glencross, etal., , South Africa> Urban primary care [2 m
Glencross, etal., , South Africa> Urban primary care [1.6
Glencross, etal., , South Africa> Rural primary care
Jani, etal., (20112)’ Mozambique>Primary care L
Manabe, et al., (2012), Uganda> Urban hospital clinic

Mnyani and Mclntyre, (2012), South Africa> Urban HIV clinic
Thakar, etal., (2012}, india>HIV research centre

van Shaik, etal. , (2 1\), South Africa>Mobile

Mwau, (2613), Kenya>Various, hospital

Logan, etal., (2013), USA>HIV research centre

Diaw, etal.,é 011), Senegal> Various urban

Jani, etal., (2012), Mozambique>Primary care

FACSCount

2012
2012
2012
2012

Manabe, etal., (2%12)3 Uganda> Urban hospital clinic —_—

Morawski, et al., (
Thakar, etal., (2012), | X .

van Shaik, et al., (2011), South Africa>Mobile
Glencross, et al., (2012), South Africa> Hospital lab
Glencross, et al., (2012), South Africa> National lab

013), Uganda>Public health clinics
%)T ndia>ART centre

Multiple

m*]

mm*]

95% Cl for mean

ﬁé

Mwau, (2013), Kenya>Various, hospital and research —

SP PanLeucogated CD4

Sukapirom, et al., (2011), Thailand> Hospital lab
Tegbaru, etal., (2011).| thiogia>CentraJ and Hospital lab
Henkel, etal.,g 011), Zimbabwe>Hospital

Logan, etal., ( 01%? USA>HIV research centre
Bergeron, et al., (2012), Mozambique> National lab
Bergeron, et al., (2012), Mozambique> University lab

XL-MCL

Bergeron, et al., E2012;, Canada> National lab
Bergeron, et al., (2012), South Africa> University lab
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Example code for calculating sensitivities, specificities in R

> Her.200<- as.table(matrix(c(28,9,2,215), nrow = 2, byrow = TRUE)) ; epi.tests(Her.200,

conf.level = 0.95, verbose FALSE)

Disease + Disease - Total
Test + 28 9 37
Test - 2 215 217
Total 30 224 254

Point estimates and 95 % CIs:

Apparent prevalence 0

True prevalence 0

Sensitivity 0

Specificity 0.96 (0.93, 0.98)
Positive predictive value 0

Negative predictive value 0
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R-code used for calculating 95% Cls, and forest plots

#Download and rearrange BA data

BAdata <- read.table("C:/Users/samantha.wilkinson/Documents/Sam's work/CD4 POC Assays/Results and
data/CSV files/SR POC CD4 Unique HIV+ BlandAltman 28Augvl.csv", sep=",", head=T)
head (BAdata)

#Summary statistics

#Mean and SD of n

mean (BAdata$n) #223.7097

sd (BAdatas$n) #310.893

summary (BAdata$n) #median 140.0

# Rename some headings

names (BAdata) [1] = "ID"
names (BAdata) [3] = "Yr"
names (BAdata) [4] = "Cntry"
names (BAdata) [6] = "POC"
names (BAdata) [9] = "Ven"
names (BAdata) [10] = "BMD"
names (BAdata) [13] = "SD"
names (BAdata) [18] = "Ref"
names (BAdata) [19] = "POCop"

BAdata

# Drop out some of the useless fields
colnames (BAdata)

#Remove POC substrate, notes and new columns
BAdata <- BAdata[c(-8,-16, -17)]

colnames (BAdata)

# # Calculate SE, depending on the info available from the study # # Do for all studies, for
completeness

# Method 1: Using the SD and the z quantile
BAdata$SE<-NA

BAdata$SE<-BAdata$SD/sqrt (BAdatas$n)
BAdata$SE

# Method 2: Using the CI

BAdata$SEci<-NA

BAdataS$SEci<- (BAdataSUCI-BAdata$SLCI)/ (2*1.96)
BAdata$SEci

#SE2 SD

BAdata$SDci<-NA
BAdata$SDci<-BAdata$SEci* (sqgrt (BAdatas$n))
BAdata$SDc

# Combine calculated SE into SE
BAdataS$SE<-ifelse (is.na (BAdata$SE), BAdata$SEci, BAdata$SE)
BAdata$SE<-ifelse(is.na (BAdata$SE), BAdata$SEci, BAdata$SE)
BAdata$SE

# # Calculate missing SD # #

# Method 1 using LOA

BAdata$SDloa<- (BAdata$ULOA-BAdata$BMD) /2
BAdata

# Use SDloa to fill in blanks from SE

BAdataS$SE<-ifelse (is.na (BAdata$SE), BAdata$SDloa/sqrt (BAdata$n), BAdataS$SE)
BAdata$SE

# Now calculate all sds to create a final SD2

BAdata$SD<-BAdata$SE*sqgrt (BAdata$n)

BAdata

# # Create a subgroup only including useful fields # #
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BAdata$Study<-paste (BAdata$Author,", (", BAdata$Yr,"), ", BAdata$Cntry,">",BAdata$Site, sep="")

# Only keep useful fields

colnames (BAdata)

# Remove Author, Yr, Cntry, Site, LCI, UCI, LLOA, ULOA, POCop, SE, SEdi, SDci, SDloa
BAdata<-BAdata[-c(2,3,4,5,10,11,13,14,16,18,19,20,21)1]

colnames (BAdata)

# Compare against reported CIs where possible

#Export to Excel for comparison

write.table (BAdata, "C:/Users/samantha.wilkinson/Documents/Sam's work/CD4 POC Assays/Results and
data/BAdataexport1508.x1s", sep=";")

#Data OK compared to Dr Joseph

## Use Lawrence Joseph Forest Plot code
#http://www.medicine.mcgill.ca/epidemiology/Joseph/PBelisle/R/forest-plot.R

# Create median, Upper and lower CI category
#BAdataS$UCI.1<-BAdata$BMD+c (1) *1.96* (BAdata$SD/sqrt (as.numeric (BAdataSn)))
#BAdata$LCI.1<-BAdata$BMD+c (-1)*1.96* (BAdata$SD/sqgrt (as.numeric (BAdatas$n)))
BAdata$ci.all<-matrix (c (BAdata$BMD, (BAdata$BMD+c (-

1)*1.96* (BAdata$SD/ (sqgrt (BAdata$n)))), (BAdata$BMD+c (1) *1.96* (BAdata$SD/ (sqgrt (BAdatas$n)))) ),
ncol=3)

BAdata$ci.all

head (BAdata)

# Create meta-analysis data points, LJospeh analysis #
PIMA.c.bias<--2.975
PIMA.c.sd<-12.84

PIMA.v.bias<--26.45
PIMA.v.sd<-9.942

PC.bias<-173.5
PC.sd<-59.13

# Create categories for POC
categoryci<-matrix (c(
round (PIMA.c.bias, digits=2)
, —28.20
, 22.76
,"NA", "NA", "NA"
, round(PIMA.v.bias, digits=2)
, —46.66
, —-6.81
"NA", "NA", "NA", "NA", "NA", "NA"
, round(PC.bias, digits=2)
, 43.50
, 282.30)
, byrow=T, ncol=3)

# Data should already be sorted from the .csv file
#indexBA<-with (BAdata, order (Ven, POC))
#BAdata[indexBA, ]

#BAdata

# Forest plot for all data
BAdatas$Study<-round (BAdata$Study, digits=2)

BAdataS$ci.all<-round(BAdata$ci.all, digits=2)
categoryci

length (BAdatas$Study)
length (BAdata$ci.all) /3

forest.plot.or (

, authors=BAdatas$Study

, studies.ci=BAdata$ci.all
, standard.or.plot=F

)

par (mai=c(1,1,1,1)
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ci.all
BAdata

forest.plot.or (

log.scale=F

, authors=BAdatas$Study

, cex=0.75

, studies.ci=BAdataS$ci.all

, cl.txt="95% CI for mean bias"

, plot.lim=c(-290, 290)

, ref.vline.at=0

, standard.or.plot=F

, or.side.labels.cex=0.6

, category.labels=c ("PIMA capillary samples", "SnapCount capillary samples", "PIMA venous
samples", "miniPOC venous samples", "SnapCount venous samples", "PointCareNOW venous samples")
, study.categories=rep(seq(6), c(13,1,11,1,1,4))

, blank.after.category.label=T

, blank.before.category.subtotal=T

, blank.between.categories=T

, blank.after.total=T

, or.side.labels=c ("Underestimates", "Overestimates")
, categories.ci=categoryci

, study.txt="Author, year and site"

, plot.categories.ci=c(T, ¥, T, F, F, T)

forest.plot.or (

log.scale=F

, authors=BAdata$Study

, cex=0.75

, studies.ci=BAdata$ci.all

, ci.txt="95% CI for mean bias"

, plot.lim=c(-40, 40)

, ref.vline.at=0

, standard.or.plot=F

, or.side.labels.cex=0.6

, category.labels=c ("PIMA capillary samples", "SnapCount capillary samples", "PIMA venous
samples", "miniPOC venous samples", "SnapCount venous samples", "PointCareNOW venous samples")
, study.categories=rep(seq(6), c(13,1,11,1,1,4))

, blank.after.category.label=T

, blank.before.category.subtotal=T

, blank.between.categories=T

, blank.after.total=T

, or.side.labels=c ("Underestimates", "Overestimates")
, categories.ci=categoryci

, study.txt="Author, year and site"

, plot.categories.ci=c(T, ¥, T, F, F, T)
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Agreement between reviewers for QUADAS-2 analysis
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Search strategy: run in Medline Jan 2013

Database: Ovid MEDLINE(R), Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid OLDMEDLINE(R) <1946 to
Present>

01N N bW~

exp HIV/ (75915)
exp HIV infections/ (212454)
HIV Antibodies/ (9058)
exp HIV Antigens/ (13090)
HIV Long-Term Survivors/ (499)
Lymphoma, AIDS-Related/ (2214)
hiv¥*.mp,jw,in. (248593)
(acquired adj2 immun$ adj2 syndrome$1).mp.jw,in. (89260)
(acquired immun$ adj3 deficiency).mp,jw,in. (11940)
(human adj2 immun$ adj2 deficiency).mp,jw,in. (1671)
human immun?deficiency.mp,jw,in. (71891)
((aids or lymphadenopathy) adj5 (virus* or viral or retrovirus or lentivirus or infection* or syndrome*)).mp. (38348)
aids.jw,in. (56728)
Anti-HIV Agents/ (29492)
Antiretroviral therapy, highly active/ (14880)
((ART or HAART or anti?retrovir* or anti retrovir*) adj3 (therap* or regimen* or initiat* or program* or start* or naive or monitor* or treatment™® or test* or

result* or administ* or clinic* or service* or respon* or patient* or drug$1 or medicat* or agent$1)).mp. (43472)

17
18

or/1-16 (310489)
("PointCare NOW" or CyFlow or Coulter or ((dynal or dynamal) adj2 (t4 or cd4 or quant)) or mBio or daktari or zyomyx or Burnet or "dried blood spot*" or

(pima* adj2 (cd4 or analyzer$1 or poc or point or alere))).mp. (4355)

19

28

exp CD4 Lymphocyte Count/ (18931)

serologic tests/ (15626)

AIDS serodiagnosis/ (5766)

Flow Cytometry/ (95708)

cytomet*.mp. (147276)

cell analys*.mp. (2616)

exp CD4-Positive T-Lymphocytes/ (76248)

Antigens, CD4/ (12499)

25 or 26 (85448)

(test* or count® or monitor* or screen* or assay* or measur* or analys* or technol* or diagnos* or marker* or biomarker* or response or estimat* or

enumerat® or quantif* or percentage or ratio).mp. (9993082)

29
30

27 and 28 (58352)
(cd4 adj3 (test* or count™ or monitor* or screen* or assay* or measur* or analys* or technol* or diagnos* or marker* or biomarker* or response or estimat® or

enumerat® or quantif* or percentage or ratio)).mp. (36205)

18 or 19 or 20 or 21 or 22 or 23 or 24 or 29 or 30 (247196)

17 and 31 (40637)

Point-of-Care Systems/ (5995)

Physicians' Offices/ (1408)

(point of care or POC or POCT).mp. (9847)

point of service.mp. (312)

((rapid* or quick* or express or fast or prompt* or instant* or immediat*) adj2 (test* or count* or monitor* or screen* or assay* or measur* or analys* or

technol* or diagnos* or marker* or biomarker* or response or estimat* or enumerat® or quantif* or percentage or ratio or answer*)).mp. (79566)

(handheld or (hand adj held) or portable or mobile or remote* or bedside or (bed ad;j2 side)).mp. (129829)
device*.mp. (242643)

strip$1.mp. (32622)
microchip$1.mp. (3990)

(near adj2 patient®).mp. (1559)
(physician* adj2 office*).mp. (4631)
((extra* or outside) adj2 laborator*).mp. (878)
decentr*.mp. (5574)

ancillary.mp. (8892)

(alternat* adj2 site*).mp. (2751)
o1/33-47 (500272)

32 and 48 (1109)

limit 49 to yr="2000 -Current" (854)
limit 50 to humans (793)

limit 50 to animals (38)

50 not (51 or 52) (55)

51 or 53 (848)

remove duplicates from 54 (835)
letter/ (775604)

comment/ (517963)

editorial/ (318375)

or/56-58 (1207686)

55 not 59 (817)
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Summary of selected studies

Author

Year

Population

Newly diagnosed HIV+ male and female

Intervention, type of study

POC test Reference flow

name

cytometer

Site

Country

POC
Operator

Nurses and lab

o
bl ¢

Mtapuri-Zinyowera, et al. | 2010 . Paired blood samples PIMA FACSCalibur Urban HIV clinic Zimbabwe 165 ..
participants technicians
Consecutive HIV+ pregnant women in a Parallel CD4+ cell count testing was done Beckman Coulter
Mnyani and Mclntyre 2012 | prevention of mother-to-child transmission of | using capillary specimens for the PIMA and PIMA Urban HIV clinic South Africa 296 Clinic staff %
Flow Cytometer
HIV service in Johannesburg venous samples for flow cytometry. Y
Five sites independently conducted studies National lab Mozambique 143
\% y u u . . : —— -
Bergeron, et al. 2012 | primarily using samples mostly from HIV-+ Samples were tested with both the PointCare PointCareNOW FACSCalibur Unlv.ersny lab Mozambique 114 Clinic staff 102
patients NOW and reference flow cytometry National lab Canada 39
EPICS-XL University lab South Africa 71
Sukapirom, et al. 2011 giz-lbi:)fz (Cit?j?p les, at various stages of Simultaneous testing on PIMA and reference PIMA FACSCount Hospital lab Thailand 203 | Lab technicians 84
Manabe, et al. 2012 | Adults attending an infectious disease clinic a | Evaluation of the PIMA compared to the BD PIMA FACSCalibur | Urban hospital clinic Uganda 176 | Clinic staff 9
Hospital, for a routine clinic visit. FACSCalibur
National lab 100 | Lab technicians
Hospital lab 91 Lab technicians
. . . Hospital clinic 77 Nurse
Coordinated through an Academic Hospital . .
Glencross, et al. 2012 | CD4 reference laboratory, located in iasiilrl:: accc;:zﬁ,e:ollowed by field testing PIMA Sp PanIéeDu:ogated Rur:ll 1° care South Africa 96 Nurse %0
Johannesburg p ry Urban 1° care (1.6mm| 87 Nurse
lancet)
Urban 1° care (2mm 5 Nurse
lancet)
Patients presenting for HIV follow-up or other 100
Diaw, et al. 2011 | laboratory examinations presented in 4 Siéchl(l)m[ftvgz;esir(;leefescr;esdt}?eyr}:fle\fg::d by PIMA FACSCount Various urban Senegal 05 Lab and clinic staff| *
different clinical sites u
Barnabas, et al. 2012 | Home-based counseling and testing l]:}?lgags])éatleiliz?g and a venous blood draw PIMA FACSCalibur Home based South Africa 185 Nurse 9
Tegbaru, et al. 2011 Etvl?il(?;it;m ofa point of care-CD4 testing in | & 1 ation study PIMA FACSCalibur | Contra! alr; db Hospital Ethiopia 316 | Lab technicians 87
i FACSCalib HIV h cent USA 52 Lab technici
Logan, et al 2013 HIV* individuals were recruited ;:c? ?eusste?ﬂsiflpllfgy MBio system and MBio CD4, — S SR 1z
san, . for this study from a research centre in the US conventional ﬂiw cytometr}}ll SnapCount™ FACSCalibur HIV research centre USA 94 Lab technicians
Henkel, et al. 2011 Blooq samp 1 ©s were CO].I ccted from an Egc}} sample was processed t wofold for the miniPOC CyFlow SL-3 Hospital Zimbabwe 125 | Lab technicians 142
infectious disease Hospital miniPOC and the reference instrument
; ; Paired samples of finger prick and venous PIMA FACSCalibur Primary care Mozambique 135 Nurses
Jani, et al. 2011 AQult thVJrlf}f nentsl'en}'ollAed]\S[onsecEpvely at blood tested on the POCT CD4 device and 86
primary heafthcare clinics mn Vozambique with laboratory instruments PIMA FACSCalibur Primary care Mozambique 140 Nurses
i : Evaluation study against the reference FACSCount HIV research centre India 175 Clinic staff
Thakar, et al, 2012 | Participants at 21 ART centres from different | 1 4 (FACSCalibur, FACSCount and PIMA o
parts of the country CyFlow SL3). Multiple ART centre India 1790 Clinic staff
Consecutive HIV+ individuals (both on ART | Cross-sectional, convenience based sampling.
van Shaik, et al. 2011 | and not on ART) had a capillary and/or Both PIMA™ and laboratory CD4 counts PIMA XL-MCL Mobile South Africa 325 Nurses 8
venous sample in a mobile clinic done
Testing in a multisite real-world setting at 7 Venous samples were run on the PIMA,
Morawski, et al. 2013 | Kampala city health facilities under general excess portions were sent to the University PIMA FACSCalibur Public health clinics Uganda 225 Clinic staff 143
clinic conditions. laboratory for reference testing.
Nine health facilities offering CD4+ T cell Comparison study, venous and capillary L Kenya 822 | Lab technicians
Mwau, et al. 2013 | enumeration. All patients attending the blood specimens were collected PIMA FACSCount Vanour::;(:gtal and v 144 145
facilities for HIV treatment. consecutively patients presenting Kenya 521 | Lab technicians
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Summary table of accuracy data

Substrate s a5 i Sttty | Sessivey Total Misclassified Misclassified %

Author POC test name Ven: Venous o/ , misclassified above below H
N cells/uL % % 2

Cap: Capillary % % % g

Diaw, et al. 2011 PIMA Ven 200 90 98 10% bilateral inclusion range used 5
Diaw, et al. 2011 PIMA Cap 200 91 96 10% bilateral inclusion range used 5
Diaw, et al. 2011 PIMA Ven 350 98 79 10% bilateral inclusion range used ®
Diaw, et al. 2011 PIMA Cap 350 91 80 10% bilateral inclusion range used 5
Herbert, et al. 2012 | PIMA Cap 200 93-3 96 >
Herbert, et al. 2012 | PIMA Cap 350 94-8 88 >
Herbert, et al. 2012 | PIMA Cap 500 986 705 9
Jani, et al. 2011 | PIMA Cap 350 17 22 14-8 50
Jani, et al. 2011 | PIMA Cap 200 52 0 5-2 8
Thakar, et al. 2012 | PIMA Cap 350 96 91 ol
Mtapuri-Zinyowera, et al. 2010 | PIMA Cap 200 66 2-4 4.2 2
Mtapuri-Zinyowera, et al. 2010 | PIMA Cap 350 66 4-2 2-4 52
Tegbaru, et al. 2011 | PIMA Cap 200 92 8
Logan, et al. 2013 &E;"Cgﬁﬁ Cap 350 3-8 3-8 0 1
Logan, et al. 2013 &E;)Cgﬁﬁ Ven 350 53 2:1 32 123
Manabe, et al. 2012 | PIMA Cap 250 96-3 866 o
Manabe, et al. 2012 | PIMA Cap 300 93-2 79-5 o
Manabe, et al. 2012 | PIMA Ven 250 943 85-4 ot
Manabe, et al. 2012 | PIMA Ven 300 98-2 75-3 o
Mnyani and McIntyre 2012 | PIMA Cap 350 93 86 0
Mnyani and McIntyre 2012 | PIMA Cap 350 82 94 o6
Bergeron, et al. 2012 PointCareNOW Ven 350 53 94 10% bilateral inclusion range used 102
Bergeron, et al. 2012 PointCareNOW Ven 200 39 94 10% bilateral inclusion range used 102
Van Shaik, et al. 2011 | PIMA Ven 200 89 98 5
Van Shaik, et al. 2011 | PIMA Ven 350 89 90 5
Van Shaik, et al. 2011 | PIMA Cap 200 81 99 5
Van Shaik, et al. 2011 | PIMA Cap 350 85 93 5
Mwau, et al. 2013 | PIMA Cap 350 89-6 86-7 1
Morawski, et al. 2013 | PIMA Ven 200 100 >99 143
Barnabas, et al. 2012 PIMA Not reported 3
Henkel, et al. 2011 miniPOC Not reported 14
Sukapirom, et al. 2011 PIMA Not reported 84
Glencross, et al. 2012 PIMA Not reported 0
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