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Abstract Laboratory innovation significantly affects pro-
gram sustainability of HIV programs in low and middle in-
come countries (LMICs) far beyond its immediate sphere of
impact. Innovation in rapid development of diagnostic tech-
nologies, improved quality management systems, strength-
ened laboratory management, affordable external quality as-
surance and accreditation schemes, and building local capac-
ity have reduced costs, brought quality improvement to point-
of-care testing, increased access to testing services, reduced
treatment and prevention costs and opened the door to the real
possibility of ending the AIDS epidemic. However, for effec-
tively implemented laboratory innovation to contribute to HIV
quality program sustainability, it must be implemented within
the overall context of the national strategic plan and HIV
treatment programs. The high quality of HIV rapid diagnostic
test was a breakthrough that made it possible for more persons
to learn their HIV status, receive counseling, and if infected to
receive treatment. Likewise, the use of dried blood spots made
the shipment of samples easier for the assessment of different
variables of HIV infection—molecular diagnosis, CD4+ cell
counts, HIVantibodies, drug resistance surveillance, and even
antiretroviral drug level measurements. Such advancement is

critical for to reaching the UNAIDS target of 90-90-90 and for
bringing the AIDS epidemic to an end, especially in LMICs.
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Introduction

At theWorld Health Organization (WHO) Regional Office for
Africa meeting in Johannesburg, September 2003 [1], there
was a roundtable convened to discuss laboratory services in
the provision of health care. Forty-eight country representa-
tives participated and at the start of the meeting noted Bthe
primary role of laboratories in health care ……and the disas-
trous situation in Our Region.^ This was neither the first nor
the last time such declarations were made regarding labo-
ratory services. For the most part, the chronic weaknesses
in laboratory systems in Africa did not change for the bet-
ter until the mounting crisis of the HIV/AIDS pandemic
drew international resources to accompany concern and
begin to address the issues of access and quality of labora-
tory services [2].

In the past three decades, however, measurable progress has
been made in quality and capacity of laboratory services and
this transformation has been driven to a considerable extent by
innovation as well as increased funding [3]. Innovations in
diagnostic technology [4], laboratory systems and management
and policy have affected diagnostic services, quality assurance,
laboratory management, policy development, partnerships, and
standards and as a result built infrastructure that underpins sus-
tainability in HIV programs [5••, 6, 7].

Laboratory innovation was championed and influenced
HIV care programs through the efforts of the local
Ministries of Health and their many players and partners
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including international agencies , government partners , aca-
demically affiliated partners, non-governmental organizations
(NGOs), foundations and many other governments, agencies
and nations. This has been largely supported by the PEPFAR
and Global Fund in low and middle income countries
(LMICs) [3].

Innovation in HIV Serology

HIV diagnostics have seen major advances in technology
since their introduction as an FDA licensedHIVimmunoassay
test in 1985 [8]. In particular, numerous technology innova-
tions in rapid diagnostic test (RDT) assays that do not require
laboratory equipment to perform reliable tests have been in-
troduced and changed the landscape of diagnostic testing.
RDT kits with simple to perform procedures enabled testing
outside standard laboratory facilities [9, 10], provided test
results while patients were still at the health clinic, and in-
creased access to testing [11]. Increased access with RDTs
available in rural settings have made it possible for more per-
sons to learn their HIV status, receive counseling and if infect-
ed to receive treatment. It was a breakthrough in the efforts to
slow the HIVepidemic and stimulated efforts to develop strat-
egies to identify and provide treatment for HIV-infected per-
sons [12].

Despite the highly accurate test results that can be obtained
with RDTs, however, there are challenges to obtaining correct
results outside of the traditional laboratory setting and in-
stances of worrisome false positive and false negative test
results have been documented. In addition to issues of reliabil-
ity and accuracy of testing, ethical issues must be addressed
[13]. There is expected variation in the performance of testing
among non-laboratory test sites just as there are among labo-
ratory sites. However, the challenges of assuring quality test-
ing at non-laboratory settings may be greater as the same good
laboratory practices are required in non-laboratory settings to
assure quality testing, but training of testers is often insuffi-
cient [14, 15•, 16–18].

Use of RDTs requires a national validated testing algorithm
to assure accurate test results. In many countries, the recom-
mended WHO testing strategy for HIV testing has not been
implemented. A recent survey reported in December 2015
[19••] found that 63 % of national policies worldwide and
72 % in the African Region were not aligned to WHO recom-
mended strategies. Compliance with WHO recommendations
has been challenging for LMIC for known reasons, e.g., in-
sufficient funding; lack of trained human resources, and weak
laboratory infrastructure. An earlier example of this chronic
situation was described in a November 2009 article by
Aghokeng et al. [20] who reported on the test results of five
rapid HIV tests, three of which were in current use as first-line
tests in Cameroon. None of the three assays used in the na-
tional algorithm had been evaluated prior to use against local

serum specimens as recommended by WHO. One analysis of
the study data estimated that up to 6 % of HIV-1 M and up to
80 % of HIV-1 O-infected persons in Cameroon who were
tested in this time period would not be detected as infected
and therefore not enrolled in treatment due to low test sensi-
tivity. In like manner, low test specificity was estimated to
result in up Consolidated Guidelines on HIV Testing
Services [21]. This guideline as well as the recently published
handbook, Improving the Quality of HIV-Related Point-of-
Care Testing [22], are important documents developed at
WHO through collaboration with numerous experts with ex-
tensive field experience and provide a blueprint for achieving
quality testing. Just as important is the leadership and advo-
cacy of national and international professionals in the public
and private sectors to energize action and commitment from
governments, foundations and the full range of NGOs to sup-
port sustainable laboratory capacity.

A recent publication by Bhanu Mehra et al. [23] under-
scores the continuing challenge and need for standardized
training not only for HIV RDT testers but also for staff super-
visors in non-laboratory settings, certification of staffs and
sites, and regular external quality assurance (EQA). They re-
ported results of comparison of the HIV RDT screening test
approved in the India algorithm for diagnosis with the stan-
dard HIV ELISA assay. Specimens from 787 consecutive pa-
tients at a voluntary counseling and testing (VCT) facility
were tested by both RDT and ELISA with Western blot con-
firmation. There were nine false negative and five false posi-
tive test results using the RDT assay compared to ELISA and
these discrepancies were confirmed by Western blot. Serial
testing using a validated algorithm developed with specimens
from the population of interest can minimize false positive and
false negative results but the errors reported here and in other
studies underscore the need for well established, comprehen-
sive and funded quality assurance programs.

A key and efficient means to establish a sustainable quality
assurance program is described in Scaling Up HIV Rapid
Testing in Developing Countries: Comprehensive Approach
for Implementing Quality Assurance by Parekh et al [10].
This article addresses the full range of key components of a
quality assurance program including quality of test kits, selec-
tion of test kits, and development of test algorithms, training
and certification of testers and sites, and post market evalua-
tion. Two very innovative tools are provided for aiding quality
assurance sustainability and effectiveness. First is the detailed
description of how to use a standardized log book as a QA tool
and the second is the introduction of a dried tube specimen
(DTS) for use in proficiency testing programs. The use of the
log book is not only an effective means to monitor the quality
of testing, but it provides opportunity for meaningful input
and review by supervisory staff thereby adding aspects of
support through coaching and mentoring to the testers. The
development of the DTS for proficiency testing (PT) provides
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an affordable option for LMIC to implement and have direct
control over their HIV PT.

Innovation in HIV CD4 Technologies

Similar to the advances in diagnostics, for HIV immunology
was the rapid technology development for measurement of
CD4+ T cells using point-of-care testing methods. This tech-
nology brought gains in timeliness to identification of HIV-
infected persons who were eligible for ART and retention in
treatment programs prior to initiation of treatment [24]. Based
on scientific data indicating a clinical and public health benefit
of earlier treatment the WHO 2013 guidelines raised the
threshold for ART initiation to CD4 count of ≤500 cells/μL,
with priority given to those with a CD4 count of ≤350 cells/
μL. The 2015 early release guideline even goes further to
recommend ART initiation to all HIV-infected persons as soon
as possible irrespective of the CD4 count. Although more
recent evidence indicates CD4 monitoring is no longer re-
quired for virologically stable persons on ART and viral load
testing has become technically and more affordable for use in
LMICs, innovation in CD4 testing diagnostics has remained a
key factor in achieving placement of HIV-infected persons on
ART thereby improving individual outcomes and preventing
HIV spread. As progress was made in treatment and preven-
tion of HIV, clinical monitoring guidelines evolved from use
of clinical symptoms and CD4 to now use of viral load.
Nevertheless in LMIC where there is still limited ARVs for
infected persons, CD4 estimations will continue to play some
role not only in monitoring the immunological improvement
of patients on treatment but in prioritizing who gets the limited
AIDS drugs first. Several studies show comparable perfor-
mance to the gold standard BD FASCount® of an impressive
list of CD4 instruments that flooded the market in the last
5 years including the top technologies: Partec CyFlow®,
Alere Pima® analyzer, PointCare Now®, and Guava PCA®
[25–28] which has enabled the significant progress in effec-
tive treatment and prevention especially in rural areas.

It should be noted that there still remains significant phys-
iological variability in CD4 count that may account for vari-
ability of CD4 measurement among the different CD4 plat-
forms. In addition, an excellent review of CD4 enumeration
technologies by Peeling et al. [29] clearly articulated the issue
of bias that must be considered when these new technologies
are validated against reference instruments of BD FASCount®
and the FACSCalibur®. At different CD4 count levels, these
new technologies could over- or underestimate the CD4
count. This would influence initiation of therapy where some
patients would be initiated early and others late. However,
trends of CD4 counts over a period of time using the same
CD4 platform even with over or under estimation is useful in
monitoring immunological recovery during treatment rather
than CD4 count at one time point.

Innovation in HIV Viral Detection

Assessment of viral load is one of the best predictors of clin-
ical progression, as well as the main parameter to assess treat-
ment response in HIV-positive patients. It is effective in de-
tecting treatment failure and avoiding the accumulation of
mutations that would eventually lead to drug resistance and
the need for an early switch to second-line AIDS drugs [30].
Over the last 10 years, the landscape of care and treatment of
HIV-infected individuals has been very positive in Sub-
Saharan Africa with the increased availability of generic
AIDS drugs and rapid scale up of treatment programs. In
parallel has been the development of sensitive assays based
on real-time PCR technology, reliably quantifying HIV-RNA
in circulation using real-time reverse transcriptase–polymer-
ase chain reaction (RT-PCR) [31, 32••]. Although commercial
HIV viral load assays differ in terms of principle, they have
the following in common: fast, highly sensitive, and reproduc-
ible for all the major HIV-1 subtypes and high throughputs
with fully automated extraction procedures. However, these
are still a challenge to operate in LMIC except in highly de-
veloped laboratories with skilled staff.

Recent advances in simplifying viral load estimations have
occurred on two fronts: the use of dried blood spots (DBS) to
simplify the collection and shipment of blood samples from
rural sites to reference laboratories; and second, the develop-
ment of point-of-care viral load machines as possible alterna-
tives for viral load estimates in LMIC. Several studies have
demonstrated that DBS are convenient for viral load measure-
ments using existing viral load platforms from the major com-
panies: COBAS AmpliPrep/COBAS TaqMan® v2.0 (Roche
Molecular Systems), Real-Time HIV-1® (Abbott),
VERSANT HIV-1 RNA 1.0® assay (kPCR) (Siemens), and
Nuclisense real-time NASBA Amplification® (BioMerieux)
[33]. The jury is still out in terms of the sensitivity range and
correlation with plasma values, and in the detection of the
accumulation of resistant forms where the viral load may not
be high [34]. The multi-partner WHO Technical and
Operational Considerations for Implementing Viral Load
Testing report and recommendations [35] should help in stan-
dardizing specimen collection, transportation and testing,
turnaround time, and quality assurance processes for the use
of DBS. This is an important and critical step of its wide use.

Even with the possibility of using DBS, factors limiting
access to routine viral load still remains due to the limited
number of laboratories with the sophistication to support these
automated high throughput machines, the relatively high cost
of viral load tests, and reduced sensitivity of using DBS. As a
result, there has been increased effort in the development of
viral load point-of-care test machines (VL POCT) that have
high sensitivity, are simple to operate, are more affordable, not
requiring infrastructure investment, reducing, or eliminating
the need for sample transportation, and reduced turnaround
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time with the possibility of same day results for prompt clin-
ical decision-making. Perhaps two of the most advanced tech-
nologies that have been launched in recent years are the Alere
Q® and SAMBA® but there are very promising VL POCT
products in the pipeline. Nevertheless the limitations of VL
POCT in terms of reduced throughput and sensitivity may
require that each country develops a blueprint of how best to
integrate these VL POCT platforms into the national strategic
plan and country needs.

Innovation in Accreditation and Quality Assurance

High quality laboratory support is critical for HIV/AIDS treat-
ment, care, and prevention programs as it ensures that clients
are accurately diagnosed and treated for HIVand other oppor-
tunistic infections such as tuberculosis (TB), and for monitor-
ing the progress of ART, patient adherence, and quality of
care. The International Organization for Standards (ISO) is
the world’s largest developer of international standards, in-
cluding the most common standard used by medical laborato-
ries (ISO 15189), as well as the widely used standard for
testing and calibration laboratories (ISO 17025), and, the stan-
dard for providing general guidelines for proficiency testing
(ISO 17043) [36]. Though ISO and other similar forms of
accreditation are out of reach for most of the LMICs labora-
tories due to the complexity of the process and expense, it is
important that internationally accepted Bbest practices^ are
consistently applied to generate high quality laboratory results
to gain the confidence of clinicians and the clients. The more
recent WHO-AFRO Stepwise Laboratory Quality
Improvement Process Towards Accreditation (SLIPTA) [37,
38] for laboratories is an attempt to make this process more
achievable and affordable to LMIC. SLIPTA has been paired
with the CDC developed Strengthening Laboratory
Management Toward Accreditation (SLMTA) training tool
that uses short courses followed bymentored learning projects
to address weaknesses and gaps in laboratory operations. The
SLIPTA checklist is used to measure progress in laboratory
achievement based on the ISO 15189 requirements for quality
and competency. Laboratories are graded in the same 12 qual-
ity elements of ISO 15189 of document and records, manage-
ment review, organization and personnel, client management
and customer service, equipment, internal audit, purchasing
and inventory, process control and internal and external qual-
ity assessment, information management, corrective action,
occurrence/incident management and process improvement,
and facility and safety. Each section has a total number of
points graded on compliance of the laboratory with 275 points
total possible. Laboratories receive recognition by award of
from one to five stars depending on total points scored [39].
SLMTA and SLPTA are widely accepted by PEPFAR sup-
ported countries and implemented by the African Society for
LaboratoryMedicine (ASLM) [38] to support both public and

private laboratories in LMIC. Since the inception of SLIPTA
in 2011, it is encouraging that 11 African countries with no
accredited laboratory have successfully implemented SLIPTA
walking their way to ISO accreditation as shown in Fig. 1. Of
the 45 laboratories, 29 (64 %) were at 0–2 stars while 16
(36 %) were already at 3–5 stars following only 1 year of
implementing SLIPTA. Tiered laboratory networks with na-
tional public health national laboratories must be maintained
for the management of quality in Primary Health Centers
(PHCs) and by extension POCT test results. A major effort
is needed to adopt SLIPTAwithin national regulatory boards
or commissions so that quality improvement efforts are uni-
versal and formal accreditation can be achieved by all medical
diagnostic laboratories operating within countries. While ISO
15189 accreditation is desirable for national reference labora-
tories as an independent external validation of laboratory qual-
ity, it is neither necessary, affordable or sustainable to attempt
to have the majority of laboratories in LMICs seek this form of
accreditation.

Innovation in Policy Development

The Joint United Nations Program on HIV/AIDS (UNAIDS)
set ambitious goals to spur action to end the AIDS epidemic
(UNAIDS, October 2014), which called for achieving by
2020 that 90 % of all HIV-infected persons would know their
HIV status, 90 % of those people who are diagnosed would
receive ART and 90 % of all people receiving ART would
have viral suppression. Achieving these goals would mean
81 % of people with HIV infection would be receiving ART
compared to the 2014 ART coverage of 40 % [40].

115
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29

Stars 0-2

Stars 3-4

Star 5

Fig. 1 Progress on SLIPTA by African countries 2011–2013 Legend: In
just 2 years, eleven African countries: Cameron, Cote d’Ivoire, Ethiopia,
Ghana, Lesotho,Mozambique, Namibia, Nigeria, Rwanda, Tanzania, and
Zambia with no ISO-accredited laboratory contributed to 45 laboratories
that have progressed from star zero. One laboratory in Nigeria has now
attained the highest star score of 5 which is equivalent to ISO 15189.
Source of data: ASLM www.aslm.org

Curr HIV/AIDS Rep (2016) 13:202–208 205

http://www.aslm.org/


Recognizing the critical role that diagnostics serve in effective
and sustainable treatment and prevention and the weaknesses
in LMICs of diagnostics availability, quality, and affordability,
UNAIDS and leading international organizations quickly
followed the 90-90-90 target goals with the formation of an
active collaboration to develop and drive strategic initiatives
to assure that the targets can be met. The Diagnostics Access
Initiative [41] partners have agreed to advocate for investing
in diagnostic services, facilitate development of accurate fore-
casting information for the needs and demands for diagnos-
tics, identify new funding options for diagnostics, push for
negotiation of optimal pricing for affordability and sustain-
ability in LMICs, and coordinate activities on an ongoing
basis with the partners and Ministries of Health.

Under the leadership of the WHO, POCT has been inte-
grated into the Global Health Strategy and attempts are ongo-
ing to standardize their evaluation in the field in a cooperative
and transparent way without the inevitable biases associated
with evaluations involving manufactures [42••]. Each country
is encouraged to conduct their post market evaluations espe-
cially of Rapid Test Kits in order to maintain the country’s
ownership and oversight. According to the Maputo
Declaration on Strengthening of Laboratory Systems, POCT
policy needs to be embedded within national strategic labora-
tory plans [43]. The consolidation and leadership of activities
should lie within the Ministries of Health that should form
technical task teams to support decision-making as each of
these new platforms are validated within the context of the
local cultural norms and environs. The composition of such
teams should be broad including a cross section of health care
providers such as clinicians, laboratory personnel, health
economists, procurement, supply and distribution staff, and
representative of funders. Strong partnerships with industry
would facilitate procurement and maintenance of machines.
Ownership of the POCT process, however, needs to extend to
users of the assays and the communities that are tested, with
creative ways developed for incentivizing healthcare workers
conducting the tests to maintain high quality standards; and
clear guidelines included in the countries policies.

Conclusion

The remarkable changes brought by innovation in laboratory
diagnostics, technology, and policy has changed the landscape
of HIV treatment and prevention and made the goal of an end
to HIV/AIDS epidemics more than a hope. The availability of
laboratory diagnostic testing and point-of-care technologies
has brought these essential services to areas which could not
be served by standard laboratory networks. The development
of high throughput and high complexity instruments coupled
with the ease of DBS and electronic information systems have
enabled major progress towards eliminating mother to child

HIV infections. The design of innovative policy such as the
recent UNAIDS 90/90/90 targets has galvanized collaboration
as well as innovation to achieve what at first look was an
improbable goal but now seems possible. Yet with the sub-
stantial resources directed to cutting edge innovation and no-
table breakthroughs that have fostered progress in HIV treat-
ment and prevention, there remains a lack of appreciation of
the need for supporting the core basic elements of laboratory
infrastructure that ensure effective implementation and use of
these innovations in medical laboratory sciences. These in-
clude the following: (1) an adequate laboratory trained work-
force, (2) reasonable compensation, (3) facilities that allow for
efficient and safe operations, and (4) use of advanced technol-
ogies and information systems. Together, these elements en-
able timely use and analysis of laboratory data and informa-
tion to inform treatment, prevention, and planning. The sus-
tainability of HIV care and treatment programs depend on this
commitment.
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