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As antiretroviral therapy (ART) scale-up intensifies, the 
ability of front-line health care professionals to diagnose 
HIV infection and to monitor treatment outcomes remains 
increasingly important and challenging. Treatment scale-
up has reinforced the importance of functioning laboratory 
services. The World Health Organization (WHO) called for 
the strengthening of laboratory and diagnostic services 
globally, and the Diagnostics Access Initiative was launched in 
Melbourne, Australia in 2014 (1,2,3). 

The WHO consolidated guidelines on the use of ART for 
treating and preventing HIV infection, and the March 2014 
supplement to the 2013 consolidated guidelines on the use of 
antiretroviral drugs for treating and preventing HIV infection 
(1,2) were developed with the aim of supporting countries 
in updating their national treatment policies and diagnostic 
approach, focusing on the implementation of a tiered 
laboratory network at various levels of a country’s health care 
system. This includes increasing access to cluster differential 
4 (CD4) testing for initiating ART and viral load (VL) testing 
for monitoring ART and early detection of virological failure, 
strengthening and expanding laboratory and diagnostic 
services, improving specimen referral systems, and ensuring 
the rational use of point-of-care (POC) technology. Laboratory 
services have a crucial role to play in increasing access to ART, 
improving adherence to ART and in improving the quality of 
treatment and care for people living with HIV. The Diagnostics 
Access Initiative aims to ensure that by 2020, 90% of all 
people living with HIV know their HIV status, 90% of all 
people diagnosed with HIV infection receive ART, and 90% of 
those receiving ART achieve viral suppression (3).

Various laboratory technologies are used for diagnosing HIV 
infection, monitoring the progression of HIV infection and 
its impact on the patient’s immune system, and monitoring 
treatment outcomes. The various tests include rapid diagnostic 
tests to determine HIV serology, CD4, VL, and early infant 
diagnosis (EID). CD4, VL and EID present the most challenges 
in terms of improving access and efficiency (4), and therefore 
this report focuses on these technologies.

CD4 testing is primarily used for staging and monitoring HIV 
patients prior to initiation of ART (4). A CD4 cell count is done 
to determine when ART should be initiated, to stratify risk and 
guide clinical decision-making around initiation of prophylaxis 
and screening for opportunistic infections. It is also currently 
used in many countries to monitor treatment efficacy. CD4 
platforms can be used at all levels of the national laboratory 

network, provided that appropriate technology is deployed 
correctly. For example, CD4 POC technology and near-patient 
instruments are appropriate for use in peripheral, low-volume 
treatment centres. In this category, the Pima™ Analyser (Alere 
Inc.) and the BD FACSPresto™ Near Patient CD4 Counter (BD 
Biosciences) are WHO prequalified (5). As financing from the 
Global Fund to Fight HIV, Tuberculosis and Malaria is mostly 
being earmarked for prequalified products, this opens up the 
possibility of procuring these CD4 POC platforms using grants 
from the Global Fund. 

VL testing is the most reliable approach to monitor treatment 
adherence and efficacy of ART. VL testing is therefore 
recommended by WHO as the best approach for diagnosing 
and confirming ART treatment failure (6). Compared with CD4 
testing and clinical monitoring, it provides a more accurate 
and earlier indication of when enhanced adherence support 
is needed and when a patient should be switched to second-
line ART (6). VL testing is recommended at 6 months after 
initiation of ART, and then at least every 12 months (1,2). 

EID is done on infants aged between 4 and 6 weeks who have 
been exposed to the HIV virus to enable ART to be initiated 
as soon as possible after birth. EID is also recommended for 
HIV-exposed children younger than 18 months. Because of 
the presence of persisting maternal HIV antibody in the child 
up to 15–18 months of age, HIV infection in infants can only 
be confirmed through virus detection, using whole blood 
specimens or dried blood spots (DBS) (1). However, samples 
need to be transported to centralized laboratories for testing. 
This often causes delays to early initiation of ART in HIV-positive 
infants. POC VL and POC EID technologies are expected to be 
available in early 2015 to address these shortfalls. 

Despite the global availability of key HIV laboratory 
technologies, their availability and accessibility in many low- 
and middle-income countries remains limited. In addition, 
where equipment is available, there have been concerns that 
it is not in use due to lack of reagents, disrepair, a lack of 
trained laboratory technicians, or simply because it was not 
installed; however, the situation globally has not been formally 
assessed. All of these factors will impact on a country’s ability 
to diagnose HIV, scale-up access to ART, and detect treatment 
failure. To address this gap, WHO carried out a global survey 
of ministry of health HIV programme managers in 2012 and 
2013 to determine the availability and use of laboratory 
technology for HIV in low- and middle-income countries, the 
findings of which are presented in this report. 

1. INTRODUCTION
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A questionnaire survey that is used annually by WHO to assess 
ART use in low- and middle-income countries was revised in 
2012 to include four structured questions on the availability 
and use of laboratory technologies to assess CD4 cell counts 
and VL, and to determine EID. Structured questions related 
to the market share of different technologies in-country, 
whether the installed machines were functioning, and their 
performance levels. The questionnaire was distributed in two 
consecutive years – March 2012 and March 2013. For the 
2012 survey, respondents were asked to provide information 
regarding the period from 1 January 2011 to 31 December 
2011. For the 2013 survey, respondents were asked to provide 
information regarding the period from 1 January 2012 to 31 
December 2012. 

Questionnaires were sent electronically to WHO country 
representatives who were asked to support relevant ministry 
of health HIV programme managers in completing it. 
Questionnaires were then collected by WHO country offices. 
Staff at the WHO Department of HIV/AIDS were responsible 
for inputting data into Excel Version 2010. 

The surveys were distributed through the respective regional 
offices and were targeted at the following 122 countries:

• all 46 countries in the WHO African Region;

• 32 low- and middle-income countries1 in the WHO Region 
of the Americas (Latin America and Caribbean countries: 
all Region of the Americas countries except North America: 
United States of America and Canada);

• all 22 countries in the WHO Eastern Mediterranean Region;

• five high-burden HIV countries in the WHO European 
Region; 

• all 10 countries in the WHO South-East Asia Region;

• seven high-burden HIV countries in the WHO Western Pacific 
Region. 

A list of all reporting countries is presented in the Annex. The 
questionnaire survey form is available on request.

3.1 2012/2013 WHO survey response 
The questionnaire was sent to 122 countries in 2012. The 
response rate was 58% in the 2012 WHO survey in the 
diagnostic section of the questionnaire – 71 of 122 countries 
reported on one or more of the following laboratory related 
themes: the availability of HIV diagnostic technologies, 
number of tests produced and maintenance of HIV diagnostic 
technologies that were in use by the end of 2011. This 
included: 

• 27 (59%) of 46 countries in the WHO African Region; 

• 15 (47%) of 32 countries in the WHO Region of the 
Americas; 

• 13 (59%) of 22 countries in the WHO Eastern
Mediterranean Region; 

• three (60%) of five countries in the WHO European Region; 

• eight (80%) of 10 countries in WHO South-East Asia 
Region; 

• five (100%) of five countries in the WHO Western Pacific 
Region. 

The WHO Regional Office for the Eastern Mediterranean and 
the WHO Regional Office for the Western Pacific decided to 

send the questionnaire only to countries where more than 
80% of HIV-positive people were located (i.e. high-burden 
countries) rather than sending the questionnaire to all 
countries. 

In the 2013 WHO survey, the response rate increased to 
63%: 77 of 120 countries2 responded to the set of questions 
on HIV diagnostic technologies used in 2012. This included: 

• 27 (59%) of 46 countries in the WHO African Region; 

• 21 (66%) of 32 countries in the WHO Region of the 
Americas; 

• 12 (55%) of 22 countries in the WHO Eastern 
Mediterranean Region; 

• three (60%) of five countries in the WHO European Region; 

• seven (70%) of 10 countries in the WHO South-East Asia 
Region; 

• six (86%) of seven countries in the WHO Western Pacific 
Region. 

As for the 2012 WHO survey, in 2013 the WHO Regional 
Office for the Eastern Mediterranean and the WHO Regional 
Office for the Western Pacific sent the questionnaire only to 
countries in which more than 80% of HIV-positive eligible 

2. METHODS

3. RESULTS

1  In this report, Anguilla is included in the number of countries of the WHO Region of the Americas but it is a British overseas territory and not a separate country.
2  In the WHO 2013 survey, the WHO Regional Office for the Western Pacific focused on five countries (unlike in the WHO 2012 survey where it sent the questionnaire to seven 

countries), which explains the total of 120 countries, compared with 122 countries in the WHO 2012 survey.
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patients were being treated with ART, rather than sending 
the questionnaire to all countries. 

3.2 CD4 counting machines
For any testing, it is essential to consider the accuracy 
and the precision of the diagnostic system. For CD4 
testing, flow cytometry is a method to differentiate 
and count cells and microparticles. It is considered 
as the gold standard technique for CD4 and T-cell 
enumeration and is the underlying technology of most 
current CD4 diagnostic platforms, including instruments 
manufactured by BD Biosciences, Beckman Coulter 
Inc., EMD Millipore and Partec GmbH. Flow cytometry 
encompasses automated analytical and quantitative 
cytology technologies that can perform analysis (number, 
relative size, granularity and internal complexity of the 
cell) of a large number of cells and particles (over 100 
000). Manual method for counting CD4 such as Dynal® 
T4 Quant Kit (Life Technologies) requires the user to 
count the cells marked with beads in a certain area of 
the slide. 

In the 2012 WHO survey, 69 (97%) of 71 responding 
countries reported on the CD4 platforms in use in 2011. 
A total of 3781 CD4 counting machines were reportedly 
in use. They included nine different types of machines, 
including conventional laboratory technologies and POC 
technologies. According to the classification used in 
UNITAID’s The HIV/AIDS diagnostic technology landscape 
(4), three of the machines reported are classified as 
CD4 POC technology: the Pima™ Analyser, PointCare 
NOW™ (PointCare Technologies Inc.) and CyFlow® CD4 
miniPOC (Partec GmbH). Using this definition, 710 (19%) 
of 3781 CD4 counting machines were classified as POC 
technology.

A total of 61 (88%) of 69 countries provided data on both 
the number of patients on ART and the number of CD4 
counting machines. Across these 61 countries, 4.0 million 
patients were reported to be on ART by the end of 2011, 
with a total of 3730 CD4 counting machines present in 
these countries. The number of patients per machine varied 
country by country – from three patients to 4861 patients 
per machine. The median value was 659 patients per 
machine with an interquartile range of [221-1013] patients 
per machine. There were no reports of the use of manual 
methods to determine CD4 counts. 

In the 2013 WHO survey, 74 (96%) of 77 responding 
countries reported on the CD4 platforms in use in 2012. 
Across the 74 countries, 4428 CD4 counting machines were 
in use in 2012. They included 10 different types of machines 
versus nine types used in 2011, and were split between 
conventional technologies and newer POC technologies. 
There were 1019 machines classified as CD4 POC 
technology (4) including: the Pima™ Analyser, PointCare 
NOW™ and CyFlow® CD4 miniPOC. Therefore, 1019 (23%) 
of 4399 CD4 counting machines were POC technology.  
Unlike in the 2012 survey, there were a few reports on the 
use of manual methods to determine CD4 counts.

A total of 72 (97%) of 74 countries provided data on both 
the number of patients on ART and the number of CD4 
counting machines. Across these 72 countries, 4.8 million 
patients were reported to be on ART by the end of 2012 
and there was a total of 4307 CD4 counting machines in 
these countries. The number of patients per machine varied 
country by country, from seven patients to 5048 patients 
per machine. The median value was 560 patients per 
machine with an interquartile range of [262-1303] patients 
per machine. This was lower than the median value of 659 
patients per CD4 counting machine found in 2011. 

3.2.1 Market share 
Fig. 1 shows the market share of the 3781 CD4 counting machines deployed across 69 countries by the end of 2011.

Figure 1. Market share of CD4 counting machines available in 69 countries by the end of 
2011 (n = 3781). 
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The four most predominant CD4 counting machines in use by 
the end of 2012 represented more than 93% of all available 
CD4 counting machines. They included the BD FACSCount™ 
with a market share of 39% (1732 of 4399 CD4 counting 
machines), followed by the Pima™ Analyser with 22%, 
CyFlow® Counter with 18%, and BD FACSCalibur™ with 14%.

Use of the BD FACSCount™ was reported in 1706 laboratory 
facilities across 54 countries, with a total of 1732 machines. 
The CyFlow® Counter  was found in 775 laboratory facilities 

across 30 countries, with a total of 782 machines. The 
Pima™ Analyser was found in 784 laboratory facilities 
across 18 countries, with a total of 972 machines. The BD 
FACSCalibur™was found in 597 laboratory facilities across 37 
countries, with a total of 620 machines reported. 

In addition to the four predominant technologies described 
above, seven CD4 counting machines were also in use but they 
encompassed less than 7% of the total market. They were: 
the Millipore-Guava® Auto CD4/CD4% with a market share of 

The four most predominant technologies that were in use 
by the end of 2011, representing 91% of all available CD4 
counting machines in that year, were: the BD FACSCount™ 
(BD Biosciences) with a market share of 44% (1676 of 3781 
CD4 counting machines), followed by the CyFlow® Counter 
(Partec GmbH) with 20%, Pima™ Analyser (Alere Inc.) with 
16%, and BD FACSCalibur™ (BD Biosciences) with 11% of 
CD4 technology market share.

The BD FACSCount™ was the only conventional medium-
to-high-throughput technology that was prequalified when 
this report was published. Use of the BD FACSCount™ was 
reported in 1638 laboratory facilities across 47 countries, 
with a total of 1676 machines. The CyFlow® Counter is 
a conventional high-throughput technology that is not 
yet prequalified by WHO. This machine was found in 755 
laboratory facilities across 32 countries, with a total of 768 
machines. The Pima™ Analyser, a POC technology that is 
prequalified by WHO, was found in 572 laboratory facilities 
across 13 countries, with a total of 597 machines. The BD 
FACSCalibur™, a conventional high-throughput technology, 

was found in 199 laboratory facilities across 31 countries, with 
a total of 416 machines reported. 

In addition to the four predominant technologies described 
above, five CD4 counting machines were also in use but they 
encompassed only 9% of the total market. They were: the 
EPICS® XL™ (Beckman Coulter Inc.) with a market share of 
3%, Millipore-Guava® Auto CD4/CD4% (Merck) with 2%, 
PointCare NOW™ with 2%, and the CyFlow® CD4 miniPOC 
and Apogee Auto 40 Flow Cytometer (Apogee Flow Systems) 
with 1% each. 

The EPICS® XL™ was found in 119 laboratory facilities across 
10 countries, with a total of 122 machines. The Millipore-
Guava® Auto CD4/CD4% was found in 85 laboratory facilities 
across 11 countries, with a total of 85 machines. The PointCare 
NOW™ was found in 82 laboratory facilities across four 
countries, with a total of 82 machines. The CyFlow® CD4 
miniPOC was found in 31 laboratory facilities across five 
countries, with a total of 31 machines. The Apogee Auto 40 
Flow Cytometer was found in four laboratory facilities across 
three countries, with a total of four machines.

Fig. 2 shows the market share of the 4428 CD4 counting machines deployed across 74 countries by the end of 2012. 

Figure 2. Market share of CD4 counting machines available in 74 countries by the end of 
2012 (n = 4428). 
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3%, EPICS® XL™ with 2.4%, and the PointCare NOW™ and 
Dynal® (Invitrogen Dynal AS) with 1% each. The CyFlow® CD4 
miniPOC, the Apogée Auto 40 Flow Cytometer (Apogée Flow 
Systems) and the Cytomics FC 500™ (Beckman Coulter, Inc.) 
together had less than 0.3% of the total market share. 

The EPICS® XL™ was found in 97 laboratory facilities across 12 
countries, with a total of 104 machines. The Millipore-Guava® 
Auto CD4/CD4% was found in 134 laboratory facilities across 
14 countries, with a total of 134 machines. The PointCare 
NOW™ was found in 42 laboratory facilities across six 
countries, with a total of 42 machines. Twenty-nine Dynal® 
technologies were in use in 2012 in one country and were 
installed in 29 laboratory facilities. The CyFlow® CD4 miniPOC 

was found in four laboratory facilities across two countries, 
with a total of five machines. The Apogée Auto 40 Flow 
Cytometer was found in seven laboratory facilities across three 
countries, with a total of seven machines.

3.2.2 Trends 

Fig. 3 shows that the market share of CD4 counting machines 
for 69 countries in 2011 and for 74 countries in 2012 was 
higher in 2012 for the Pima™ Analyser, BD FACSCalibur and 
Millipore-Guava® Auto CD4/CD4%. In addition, the figure 
shows that the Pima™ Analyser moved up from third place in 
2011 to second place in 2012 after the BD FACSCount™, which 
remained number one in terms of market share. 

Focusing on the same 53 countries that systematically 
responded to the 2012 and 2013 WHO surveys, the number of 
CD4 counting machines used increased from 3484 in 2011 to 
4069 in 2012, representing an overall increase of 17%. Fig. 4 
highlights that an increase was observed in six CD4 counting 
machines: the BD FACSCount™ (4% increase), Pima™ 
Analyser (66% increase), CyFlow Counter (13% increase), BD 

FACSCalibur (22% increase), Millipore-Guava® Auto CD4/
CD4% (65% increase) and Apogée Auto 40 Flow Cytometer 
(75% increase). A decreasing market share was observed 
in the following technologies: the PointCare NOW™ (50% 
decrease), CyFlow CD4 miniPoc (83% decrease) and EPICS® 
XL™ (8% decrease). The Cytomics FC 500™, which was not 
found in 2011, was reported in 2012.

Figure 3. Market share of CD4 counting machines in 2011 (3781 CD4 counting machines 
in 69 countries) and 2012 (4428 CD4 counting machines in 74 countries).
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3.2.3 Performance 
Number of CD4 tests performed per person

The 2012 WHO survey showed that a total of 4 651 112 CD4 
tests were performed in 2011 for 5.8 million patients on ART 
by the end of 2011. This translates to a coverage of 79%, 
which could be even lower if we take into account testing for 
patients in the pre-ART phase as well as patients on ART. 

Focusing on 41 of the 69 responding countries that reported 
on the number of patients on ART and the number of CD4 
tests performed during the year, 3.0 million patients were on 
ART by the end of 2011, and a total of 4.5 million CD4 tests 
were performed in 2011. The number of tests performed per 
person per year varied across countries, from a minimum of 
0.05 CD4 tests per person per year to a maximum of 4.5 CD4 
tests per person per year. The average was 1.6 (+/- 1.1) tests 
per person per year in 2011. 

In the 2013 WHO survey, a total of 3.8 million CD4 tests were 
performed in 2012 for 6.2 million patients on ART by the end 
of 2012, translating to a coverage of 62%. This coverage was 
lower than that in the 2012 WHO Survey (79%). 

Focusing on 49 of the 74 responding countries that reported 
on the number of patients on ART and the number of CD4 
tests performed during the year, 2.2 million patients were on 
ART by the end of 2012, and a total of 3.2 million CD4 tests 
were carried out in 2012. The number of tests performed per 
person per year varied across countries from a minimum of 
0.1 CD4 tests per person per year to a maximum of 11 CD4 
tests per person per year. On average, 2.1 (+/- 1.7) CD4 tests 
per person per year were performed in 2012. The average 
number of CD4 tests performed per person per year, as well 

as the maximum number of tests carried out, was higher in 
2012 than in 2011. The higher average number of CD4 tests 
performed in 2012 and the higher number of patients on ART 
in 2012 suggest that the volume of CD4 tests increased in 2012 
compared to 2011.

Considering that CD4 tests were performed not only for 
patients on ART but also for people in pre-ART care, the 
number of CD4 tests per patient per year overestimates the 
actual number of CD4 tests per patient on treatment.

Number of CD4 tests performed per CD4 counting 
machine

In the 2012 WHO survey, 48 of 69 responding countries 
reported on both the number of CD4 counting machines 
and the number of CD4 tests performed during the year. A 
total of 4.6 million CD4 tests were done in 2011, using 2553 
CD4 counting machines. Using 250 days of work per year 
(calculated by deducting from the 365 days per year, 52 weeks 
times 2 days off per week (Saturday and Sunday), and an 
estimated 11 days off for holiday per year), the median number 
of CD4 tests per machine per day was five, with a minimum 
of less than one CD4 test a day and a maximum number of 27 
CD4 tests per machine per day. 

In the 2013 WHO survey, 47 of 74 responding countries 
reported on both the number of CD4 counting machines and 
the number of CD4 tests performed during the year. Using 
2004 CD4 counting machines, 3.8 million CD4 tests were done 
in the 47 countries in 2012; the median was five CD4 test per 
machine per day, with considerable variation ranging from a 
minimum of 0.1 CD4 test per machine per day to a maximum 
of 31 CD4 tests per machine per day. 

Figure 4. Trend of CD4 counting machines between 2011 (3484 CD4 counting machines) 
and 2012 (4069 CD4 counting machines) in 53 countries.
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Table 1. Availability of a maintenance service contract according to machine type 

Comparing 2011 with 2012, the minimum and the maximum 
number of tests performed per machine per day increased in 
2012. However, for both years the minimum number of tests 
per machine per day was below one test. The maximum of 
27 and 31 CD4 tests per machine per day in 2011 and 2012, 
respectively, remains very low, considering that the nominal 
capacity of the most frequently used machines is between 50 
and 250 tests per day, and that of POC technologies is around 
20 tests per day which is far higher than the median of 5 tests 
a day mentioned above. The low number of tests performed 
per machine per day highlights the extent to which the 

available machines are underutilized.

3.2.4 Maintenance
Maintenance service contracts were available for 860 (23%) 
of all 3781 CD4 counting machines in use in 2011 and for 1770 
(40%) of 4399 CD4 counting machines in use in 2012. Detailed 
data on the availability of maintenance service contracts 
are presented in Table 1 and show that the proportion of all 
types of CD4 technologies with maintenance service contract 
increased between 2011 and 2012.

Machine type
Number of machines with a 
maintenance service contract in 
2011

Number of machines with a 
maintenance service contract in 
2012

BD FACSCount™ (BD Biosciences)

BD FACSCalibur™ (BD Biosciences)

CyFlow® Counter (Partec GmbH) 

Pima™ Analyser (Alere Inc.)

EPICS® XL™ (Beckman Coulter Inc.) 

Millipore-Guava® Auto CD4/CD4% 
(Merck)

CyFlow® CD4 miniPOC (Partec GmbH)

PointCare NOW™ (PointCare 
Technologies Inc.)

Apogee Auto 40 Flow Cytometer 
(Apogee Flow Systems)

Cytomics FC 500™ (Beckman Coulter 
Inc.)

523 of 1676 (31%)

102 of 416 (25%)

132 of 768 (17%)

83 of 597 (14%)

16 of 122 (13%)

2 of 85(2%) 

2 of 31 (6%)

0 of 82 (0%)

0 of 4(0%)

Not reported as used in 2011

660 of 1732 (38 %)

282 of 620 (45%)

223 of 782 (29%)

464 of 972 (48%)

23 of 104 (22%)

29 of 134 (22%)

0 of 5 (0%)

13 of 42 (31%)

1 of 7 (14 %)

0 of 1 (0%)

TOTAL 860 of 3781(23%) 1770 of 4399 (40%)

3.2.5 CD4 counting machines not in use 
and reason
In 2011, 383 (10%) of all 3781 CD4 counting machines were 
reported to be out of use (i.e. either not physically installed 
or, in the case of POC technology, not yet deployed). 254 
(66%) of these 383 CD4 counting machines not in use were 
conventional CD4 counting machines and 129 (34%) were POC 
CD4 counting machines. 

In 2012, the proportion and absolute number of machines out 
of use decreased from 383 (10%) in 2011 to 200 (5%) in 2012. 
175 (87%) of these 200 CD4 counting machines not in use in 
2012, were conventional CD4 counting machines and 25 (13%) 

were POC CD4 counting machines. The lower proportion 
machines not in use in 2012 suggests that  the deployment 
and use of CD4 technologies improved compared to 2011. 

Fig. 5 shows the number of CD4 counting machines not in use 
with main reason. By order of frequency these were: repair 
required (33% in 2011, versus 54% in 2012), machines not 
installed or not deployed (36% in 2011, versus 30% in 2012), 
lack of reagents (13% in 2011, versus 16% in 2012), and staff 
training required (14% in 2011, versus 1% in 2012).  Caution in 
interpreting this data is required.  Although “lack of reagents” 
came third as the major cause of machines not in use, in 
discussions at the 7th scientific meeting of the HIV/Hepatitis 
Conference for Francophones, AFRAVIH 2014, 
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Montpellier, France, 27–30 April 2014, laboratory professionals 
present at the session commented that “lack of deployment or 

installation” and “machines requiring repair” also includes a 
sizable proportion of non-use due to lack of reagents.   

In 2011, a comparison of POC CD4 counting machines and 
conventional CD4 counting machines showed clear differences 
in terms of the reasons for lack of use. For the POC CD4 
counting machines, most were not yet deployed (74%), 
whereas for the conventional CD4 counting machines the main 

reasons given were repair required (49%), training required 
(22%) and lack of reagents (10%) (Fig. 6). The same trend 
was observed in 2012, where repair required, no instalment 
and lack of reagents were the three major reasons reported for 
why CD4 counting machines were out of use.

Figure 5. Percentage of CD4 counting machines not in use, by reason reported in 2011 
(n = 383) and in 2012 (n = 200).
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A breakdown of CD4 counting machines not in use by type of 
technology is presented below:

• For the BD FACSCount™, 140 (8%) of 1676 machines and 
74 (4%) of 1732 machines were not in use in 2011 and 
2012, respectively. The reasons given were: staff waiting 
for training to operate the machine (53 machines in 2011, 
versus one machine in 2012), and machines requiring repair 
(87 machines in 2011, versus 65 machines in 2012). Other 
reasons found in 2012 only were equipment not installed 
(five machines) and lack of reagent (three machines). 

• For the CyFlow® CD4 miniPOC, 84 (11%) of 768 machines 
and 52 (7%) of 782 machines were not in use in 2011 and 
2012, respectively. The reasons given were: no installation 
(24 machines in 2011, versus 22 machines in 2012), lack 
of reagents (22 machines in 2011, versus three machines 
in 2012), repair required (23 machines in 2011, versus 27 
machines in 2012) and reason not stated (15 machines in 
2011). 

• For the Pima™ Analyser, 109 (18%) of 597 machines and 
eight (< 1%) of 972 machines were not in use in 2011 and in 
2012, respectively. In 2011, the reason given for lack of use 
of all 109 machines was that the machine was not deployed 
because the site was not ready. In 2012, the reasons were 
lack of reagents (three machines), repair required (three 
machines), and not deployed because the site was not ready 
(two machines).

• For the BD FACSCalibur™, eight (2%) of 416 machines and 
13 (2%) of 620 machines were not in use in 2011 and 2012, 
respectively, for the following reasons: lack of reagents 
(two machines in 2011, versus three machines in 2012), and 
repair required (six machines in 2011, versus four machines 
in 2012). Another reason found in 2012 only was that the 
equipment was not installed (six machines).

• For the EPICS® XL™, four (3%) of 122 machines and five 
(5%) of 104 machines were not in use in 2011 and 2012, 
respectively, for the following reasons: no installation (four 
machines in 2011, versus three machines in 2012), and repair 
required for two machines in 2012.

• For the Millipore-Guava® Auto CD4/CD4%, 18 (21%) of 85 
machines and 31 (23%) of 134 machines were not in use in 
2011 and 2012, respectively, for the following reasons: lack 
of reagents (seven machines in 2011, versus 16 machines in 
2012) and repair required (11 machines in 2011, versus seven 
machines in 2012). Another reason in 2012 only was no 
installation (eight machines). 

• For the PointCare NOW™, 19 (23%) of 82 machines and 
16 (38%) of 42 machines were not in use in 2011 and 2012, 
respectively, owing to lack of reagents for all machines in 
2011, versus for four machines in 2012. Another reason in 
2012 only was no installation (12 machines). 

• All 29 Dynal® technologies reported in one country and 
installed in 29 laboratory facilities were functional in 2012. 
No such technology was reported in 2011. 

• For the CyFlow® CD4 miniPOC, one (3%) of 31 machines and 
one (20%) of five machines was not in use in 2011 and 2012, 

respectively. The reason was not stated in 2011 and was no 
installation in 2012. 

• For the Apogee Auto 40 Flow Cytometer, all machines 
reported were operational in 2011 and 2012. 

3.3 VL/EID HIV diagnostic technologies 
The virological HIV testing technologies include viral load (VL) 
testing and early infant diagnosis (EID) of HIV infection in 
infants and small children. 

Viral load (VL) test assays use quantitative kit which measures 
the amount of target in the plasma (free/circulating RNA) and/
or cell associated (TNA including RNA and proviral DNA). Early 
infant diagnosis (EID) assays use a qualitative test kit.  

VL and EID tests are done using whole blood specimens or dried  
blood spots (DBS). Whole blood specimens for PCR require 
collection and processing within 6 hours and transportation to 
the laboratory for testing within 24 hours.  This is problematic 
when treatment sites are far from the laboratories. Collecting 
the specimens as DBS does not require the specimens to reach 
the laboratory within 24 hours, as nucleic acids are stable in 
well-prepared DBS for several weeks at room temperature. Their 
use enables to determine VL when the testing platform available 
has been validated for use with DBS.  

Uptake of VL and EID testing in resource-limited settings 
has been hampered by the laboratory-based nature of the 
available technologies and thus the need for developed 
infrastructure, specific training and cost. The simpler POC 
technologies currently in the pipeline will be useful when they 
will be commercially available.

The importance of VL test increased as the provision of 
antiretroviral therapy (ART) accelerated further, with 12.9 million 
people receiving ART globally at the end of 2013, 11.7 million 
of them in low- and middle-income countries (7). In 2013, 
WHO recommended the use of VL as the preferred method for 
monitoring treatment to detect early signs of virological failure 
(1, 2, 4, 7, 8). Early detection of virological failure is important 
because if untreated, HIV replicates rapidly with billions of 
new HIV copies daily: HIV enters the CD4 T-lymphocytes and 
replicates within these cells, leading to an increase in viral RNA 
in the blood and also to CD4 cell destruction, leading to decline 
of these cells in the bloodstream and gradual destruction of the 
immune system. 

Viral load platforms can be broadly classified into two different 
types: nucleic acid-based technologies (NAT) and non-nucleic 
acid-based technologies (non-NAT). Most of the platforms 
available today are NAT based. 

They differ by the method used to quantify HIV virus 
circulating in the body. Nucleic acid-based technologies 
quantify viral DNA and/or RNA, whereas non-nucleic acid 
based technologies quantify HIV viral enzymes and proteins 
that have shown correlation with the amount of circulating viral 
RNA. The following nucleic acid-based technologies are currently 
commercially available on the market:

• The COBAS® AmpliPrep/ COBAS®  TaqMan® platform (Roche 
Molecular System) are validated for both reagents, VL 
(quantitative assay) and EID (qualitative assay) testing. 
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• the Abbott m2000rt (Abbott Molecular Inc) is also validated for 
VL and EID testing depending on the assay used: a qualitative 
assay for EID and a quantitative assay for VL; 

• the remaining nucleic acid based platforms are validated for 
quantitative viral load testing: the VERSANT kPCR Molecular 
System (Siemens Healthcare Diagnostics), the Artus HIV-1 QS-
RGQ (Qiagen N.V.), the NucliSENS Easy Q System (bioMérieux) 
and the Siemens VERSANT 440 (bDNA, Siemens Healthcare 
Diagnostics). The latter platform detects RNA for VL test using 
a branched DNA method.

Non-nucleic acid based virological testing technologies include 
the ExaVir™ Load version 3.0 (Cavidi AB) and HIV-1 p24 Ultra 
ELISA (PerkinElmer).

Concerning EID test, due to the passive transfer of maternal 
antibodies during pregnancy and subsequent difficult 
interpretation of a positive HIV-1 conventional antibody test, 
diagnosis of HIV infection in infants below 18 months of age 
requires diagnostic testing that confirms the presence of the 
virus, i.e. molecular technologies or p24 antigen testing. WHO 
recommends that all exposed infants be tested at 4–6 weeks of 
age and as early as possible thereafter (1,2) using appropriate 
virological testing platforms to determine the HIV status. 

Unlike the quantitative HIV-1 RNA tests discussed above, the 
DNA PCR molecular test does not provide a quantitative measure 
of VL but only qualitative answer with respect to whether the 
infant is HIV infected or not. The following two HIV-1 qualitative 
assays are most commonly used DNA-PCR platforms available 
in low- and middle-income settings: the COBAS® AmpliPrep/ 
COBAS® TaqMan® HIV-1 qualitative test, version 1 and 2 (Roche) 
and the Abbott RealTime™ HIV-1 qualitative assay. Amplicor 
HIV-1 DNA Test v1.5 is considered for research use only (RUO) in 

EID testing.  

The analysis of the data on VL and EID assays is presented 
below without differentiating the type of assay (qualitative or 
quantitative) used because tests were reported globally and 
several technologies perform both VL and EID testing. 

RESULTS 
In the 2012 WHO survey, 59 (83%) of 71 responding countries 
reported that 576 VL and EID technologies were used in 2011. 
Five types of VL/EID technology dominated the market (see 
Fig. 7). All the current VL/EID technologies reported were 
conventional – there was no POC VL/EID technology available 
on the market in 2011. A total of 54 (92%) of the 59 countries 
reported the number of VL/EID technologies per patient on ART, 
and 4.0 million patients were reportedly on ART, with a total 
of 554 VL machines. Considerable country variation was found, 
ranging from 22 patients per VL machine to 209 940 patients per 
VL machine. The median value was 2298 patients per machine 
with an interquartile range of [708-9255] patients per machine.

In the 2013 WHO survey, 62 (81%) of 77 responding countries 
reported that they had 833 VL/EID technologies. Five types of 
VL/EID technology dominated the market (see Fig. 8). All the 
reported VL/EID technologies were conventional and no POC 
VL/EID technology was used by reporting countries in 2012. A 
total of 61 (72%) of 77 countries reported the number of VL/
EID technologies as well as the number of patients on ART. A 
total of 4.8 million patients were reportedly on ART, with a total 
of 673 VL machines. Considerable country variation was found, 
ranging from 51 patients per VL machine to 87 566 patients per 
VL machine. The median value was 2753 patients per machine 
with an interquartile range of [1038-8974] patients per machine, 
which was higher than the median value of 2298 patients per VL 
machine found in 2011.

3.3.1 Market share 
Fig. 7 shows the VL/EID technologies reported to be in use by 59 countries, by the end of 2011.

Figure 7. Market share of VL/EID technologies available in 59 countries, by the end of 
2011 (n = 576). 
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Fig. 8 shows the VL/EID technologies reported to be in use by 62 countries, by the end of 2012. 

The five most commonly used VL/EID technologies in 2011, 
covering nearly 89% of the VL/EID market, were: 

• the AMPLICOR HIV-1 MONITOR™ (Roche Molecular 
System); 156 (27%) of the 576 reported technologies, used 
in 154 laboratory facilities across 32 countries;

• the COBAS® AmpliPrep/COBAS® TaqMan® (Roche Molecular 
System); 108 (19%) of the 576 reported technologies, used 
in 91 laboratory facilities across 30 countries;

• the NucliSENS EasyQ® System (bioMérieux); 104 (18%) 

of the 576 reported technologies, used in 94 laboratory 
facilities across 13 countries;

• the Abbott RealTime™ HIV-1 assay (Abbott); 104 (18%) 
of the 576 reported technologies, used in 90 laboratory 
facilities across 27 countries; 

• the VERSANT® HIV-1 RNA (Siemens Healthcare 
Diagnostics); 41 (7%) of the 576 reported technologies, used 
in 38 laboratory facilities across eight countries). 

All of these VL/EID technologies were conventional, and no 

More VL/EID technologies were reported in the 2013 WHO 
survey: there were 833 VL/EID technologies used in 2012, 
versus 576 in 2011. The five VL/EID technologies commonly 
used in 2012 were the same as in 2011 but the proportional 
order was different, as shown below: 

• the Abbott RealTime™ HIV-1 assay; 280 (34%) of the 833 
VL/EID technologies, used in 287 laboratory facilities across 35 
countries; 

• the AMPLICOR HIV-1 MONITOR™; 220 (26%) of the 833 VL/
EID technologies, used in 203 laboratory facilities across 56 
countries; 

• the COBAS® AmpliPrep/COBAS® TaqMan®; 155 (19%) of 
the 833 VL/EID technologies, used in 139 laboratory facilities 
across 34 countries; 

• NucliSENS EasyQ® System; 126 (15%) of the 833 VL/
EID technologies, used in 103 laboratory facilities across 16 
countries); 

• VERSANT® HIV-1 RNA; 52 (6%) of the 833 VL/EID 
technologies, used in 52 laboratory facilities across seven 
countries). 

As in 2011, all VL/EID technologies used in 2012 were 
conventional technologies and no POC VL/EID platform was 
reported.

3.3.2 Trends
Fig. 9 shows that the proportion of market share of VL/
EID technologies was higher in 2012 only for the Abbott 
RealTime™ HIV-1 assay.

Figure 8. Market share of VL/EID equipment available in 62 countries, by the end of 
2012 (n = 833). 
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Focusing on the 47 countries that systematically responded 
to the 2012 and 2013 WHO surveys, the number of virological 
testing technologies used in these 47 countries increased 
from 477 in 2011 to 620 in 2012, which represented an overall 
increase of 30%. 

As shown in Fig. 10, the increase was observed in all five 

VL/EID technologies: the AMPLICOR HIV-1 MONITOR™ 
(31% increase), NucliSENS EasyQ® (22% increase), COBAS® 
AmpliPrep/COBAS® TaqMan® (48% increase), Abbott 
RealTime™ HIV-1 assay (15% increase), and VERSANT® HIV-1 
RNA (37% increase). The highest increase was observed in the 
Roche VL/EID technologies in the 47 countries that responded 
to the question on VL/EID technologies in 2012 and in 2013.

Figure 9. Market share of virological testing technologies in 2011 (576 VL/EID 
technologies in 59 countries) and 2012 (833 VL/EID technologies in 62 countries).
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Figure 10. Number of virological testing technologies used in 47 countries in 2011 (477 
VL/EID technologies) and in 2012 (620 VL/EID technologies).
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3.3.3 Performance 
Number of VL and EID tests performed per patient

In the WHO 2012 survey, a total of 5.9 million patients were on 

ART in 73 countries by the end of 2011, and a total of 1 994 916 
VL tests were reported to have been done by the end of 2011, 
giving an overall coverage for VL testing of 34%. Focusing on 
the 38 countries that recorded the number of patients as well as 
the number of VL tests, there were 4.1 million patients on ART 
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in these countries with a total of 1 939 560 VL tests, giving an 
overall coverage of 50% in these countries, assuming that each 
patient on ART should have one VL test per year.

For EID testing, 32 countries reported a total of 494 659 EID tests 
in 2011. 424 508 HIV exposed infants were reported by the 32 
countries and represent those who received EID test and retest 
for confirmatory testing.  With these results of the survey, we 
needed to have the total number of exposed infants to measure 
the coverage.

Regarding the number of tests done per technology in 2011, 37 
responding countries reported on the number of HIV virological 
testing technologies and the number of virological (VL and EID) 
tests performed during the year. As some virological testing 
technologies can do both EID and VL testing, the number of tests 
performed by these technologies consists of adding the number of 
VL tests and the number of EID tests. In these 37 countries, a total 
of 994 528 VL and EID tests were performed by the end of 2011 
for a total of 468 machines, which gives a median of six tests per 
machine per day, with a range from a minimum of 0.2 virological 
tests to a maximum of 88 virological tests per technology per day 
(250 working days).

In the WHO 2013 survey, a total of 6.1 million patients were on 
ART in the 94 respondent countries by the end of 2012, and a 
total of 1 437 490 VL tests were reported to have been done 
by the end of 2012, giving an overall coverage for VL of 23%. 
Focusing on the 48 countries that had recorded the number 
of patients and the number of VL tests, there were 2.7 million 
patients on ART in these countries and a total of 1 437 466 
VL tests, giving an overall coverage of 50% in these countries, 

assuming that each patient on ART should have one VL test per 
year.

For EID testing, 44 countries reported a total of 321 808 EID tests 
in 2011. 225 199 HIV exposed infants were reported by these 44 
countries to have received EID test and retest for confirmatory 
testing.  With these results of the survey, we needed to have the 
total number of exposed infants to measure the coverage.

Regarding the number of tests performed per technology in 2012, 
39 responding countries reported on the number of HIV virological 
testing technologies and the number of virological (VL and EID) 
tests performed during the year. In these countries, a total of 953 
788 VL and EID tests were performed by the end of 2012 for a 
total of 480 technologies, giving a median of five virological tests 
per machine per day, with a range from a minimum of less than 
one test to a maximum of 191 virological tests per technology 
per day (250 working days).   As most platforms have a nominal 
capacity of over 90 tests per day, the average throughput of six 
tests per day  (in 2011) and 5 tests per day (in 2012) indicates that 
the VL technology was underutilized.

3.3.4 Maintenance
The survey raised numerous issues around maintenance of 
equipment. Respondents reported that maintenance service 
contracts were available for only 109 (19%) of 576 and 
329 (39%) of 833 VL/EID technologies in 2011 and 2012, 
respectively. This revealed an increase in the proportion of 
technologies with a maintenance contract in 2012. Detailed 
data on the availability of maintenance service contracts are 
presented in Table 2.

Table 2. Availability of a maintenance service contract by technology in 2011 and 2012 

Machine type
Number of machines with a 
maintenance service contract in 
2011

Number of machines with a 
maintenance service contract in 
2012

NucliSENS EasyQ® System 
(bioMérieux)

AMPLICOR HIV-1 MONITOR™ (Roche 
Molecular System)

Abbott RealTime™ HIV-1 assay 
(Abbott)

COBAS® AmpliPrep/COBAS® 
TaqMan® (Roche Molecular System)

VERSANT® HIV-1 RNA (Siemens 
Healthcare Diagnostics)

Other

9 of 104 (9%)

21 of 156 (13%)  

42 of 102 (41%)

22 of 108 (20%)

15 of 41 (37%)

0 of 65 (0%)

33 of 126 (26%)

77 of 220 (35%)

128 of 280 (46%)

75 of 155 (48%)

16 of 52 (31%)

-

TOTAL 109 of 576 (19%) 329 of 833 (39%)



18

3.3.5 VL/EID technologies not in use and 
reason 
A total of 65 (11%) of 576 and 85 (10%) of 833 VL/EID 
technologies were reportedly not in use in 2011 and 2012, 

respectively. As Table 3 shows, the two main reasons for 
VL/EID technologies not being in use in 2011 and in 2012 
were no instalment of the equipment and lack of reagents 
which accounted for 90% of all machines not being used. 
Repair requirement and staff training represented around 
10% of causes. 

Table 3. Major reasons for VL/EID technologies not being used 

Reason
Number of machines not used in 
2011 
n = 65 (11%) of 576

Number of machines not used in 
2012 
n = 85 (10%) of 833

Equipment not installed

Lack of reagents

Staff training required

Repair required

Unspecified reasons

27 (42%) 

16 (25%)

1 (2%)

3 (5%)

18 (28%)

50 (59%) 

26 (31%)

6 (7%)

3 (4%) 

0

TOTAL 65 (100%) 85 (100%)

A breakdown of performance by machine type is presented 
below: 

• For the NucliSENS EasyQ® System, 13 (13%) of 104 
machines were not in use in 2011 for the following 
reasons: machine required repair (one machine), machine 
not installed (two machines), and lack of reagents (10 
machines). In 2012, nine (7%) of 126 NucliSENS EasyQ® 
System machines were not in use for the following reasons: 
machine required repair (two machines), machine not 
installed (three machines), lack of reagents (two machines), 
and training required (two machines). 

• For the AMPLICOR HIV-1 MONITOR™, 19 (12%) of 156 
machines were not in use in 2011 for the following reasons: 
lack of staff training (one machine) and lack of reagents 
(18 machines). In 2012, 27 (12%) of 220 machines were not 
in use for the following reasons: lack of staff training (two 
machines), lack of reagents (10 machines), and machine not 
installed (15 machines).

• For the Abbott RealTime™ HIV-1 assay, 15 (15%) of 102 
machines were not in use in 2011 for the following reasons: 
machine not installed (nine machines) and reason not 
specified (six machines). In 2012, 15 (5%) of 280 machines 
were not in use for the following reasons: machine not 
installed (10 machines), lack of reagents (three machines), 
and lack of staff training (two machines).

• For the COBAS® AmpliPrep/COBAS® TaqMan® , 17 
(16%) of 108 machines were not in use in 2011 for the 
following reasons: machine not installed (10 machines), 
lack of reagents (four machines), lack of staff training (one 
machine), technical problems (one machine) and reason not 
specified (one machine). In 2012, 34 (22%) of 155 machines 
were not in use for the following reasons: machine not 
installed (22 machines), lack of reagents (11 machines) and 
repair required (one machine). 

• For the VERSANT® HIV-1 RNA, only one (3%) of 41 
machines was not in use in 2011 because it required repair, 
but all the reported 52 machines were functional in 2012.
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4. DISCUSSION AND CONCLUSIONS 
The findings about the use of CD4 and virological technologies 
in 2011 and 2012 reveal that these technologies were available 
in low- and middle-income countries. However, the number 
of CD4 tests and the number of virological tests performed 
per day per technology was very low in both years. Many 
machines were underutilized in terms of the number of tests 
carried out per day. This means that national laboratory 
programmes in collaboration with national ART programmes 
need to work closely to ensure that the available CD4 
technologies and virological testing technologies are utilized 
at their full production capacity. The increase of the utilization 
will lead to increase of number of people being tested and will 
contribute to the 90/90/90  target.

Whether new machines are needed and where, is difficult to 
assess without a detailed assessment of the local situation.
We noted that new POC technologies were supplied in 2012, 
probably to replace old machines or to make the system more 
efficient by POC technologies near the patients at treatment 
sites, as POC technologies allow better return rate of test 
results reported to patients. Comparing 2011 and 2012, a 17% 
increase in the number of CD4 machines and a 30% increase 
of the number of VL/EID machines was reported. This might be 
due to improved reporting. However, the increased availability 
of CD4 POC technologies which are new on the market likely 
reflects the uptake of POC techniques.

The surveys found  that around 10% of CD4 and VL/
EID technologies were not being used. Lack of reagents, 
equipment not installed or not deployed, maintenance 
requirements and staff training requirements are all issues 
that national program managers and policy-makers can 
address. All these causes are preventable with good laboratory 
strategic planning, deployment planning, training, supply 
chain management of laboratory commodities and good 
maintenance contracts. Staff training can be done before the 
equipment arrives or as soon as the equipment is deployed. 
The site where the equipment will operate should be identified 
before it arrives to ensure that it is installed as soon as it is 
delivered in the country. Managers will also need to decide 
which technologies to deploy. This survey indicates that 
some platforms are less out of service and out of reagents 
than others. Those platforms should likely be prioritized in 
deployment when any new investments are made. 

Although the proportion of CD4 and VL/EID testing 
technologies with a maintenance contract remains low (below 
50%), the surveys suggest that the proportion of machines 
with a maintenance contract increased from 23% in 2011 to 
40% in 2012 for CD4 technologies, and from 19% in 2011 to 
39% in 2012 for virological testing technologies: this means 
that more laboratory equipment will be better maintained as 
per the maintenance contract.  

According to the two surveys, CD4 and VL technologies  
currently  available in LMIC were on average working far 
below their production capacity. Lack of reagents and the 
delivery of laboratory equipment without prior planning of 
where they will be deployed are key factors that need to be 

tackled by national programme managers. In VL testing, the 
use of DBS for sample transport would also enable better use 
of installed capacity. However, it is encouraging to see that, on 
average, the number of CD4 and virological tests performed 
per machine per day increased between 2011 and 2012. 

From the survey data, the number of tests carried out per 
machine per day is itself useful for programme planning and 
forecasting. 

When 2011 and 2012 were compared, the coverage in 
countries that had recorded both the number of technologies 
and the number of tests was for CD4, 62% and 79% of people 
on ART in 2011 and 2012 respectively; and 50% for VL for 
both 2011 and 2012. This is an overestimation because these 
tests may have been done more than once for patients on ART 
and for people living with HIV prior to ART. 

Compared to the 2012 WHO survey, more countries responded 
to the 2013 WHO survey. This was a very positive sign of 
interest in HIV diagnostic activities. Nonetheless, it is essential 
to strengthen logistical information management systems for 
laboratory services for planning, forecasting and productivity/
efficiency monitoring. Defining the essential strategic 
information to be collected and analysed for decision-making 
and training of health personnel working in this area will have 
a positive impact on national, regional and global planning 
and forecasting.

The need to ensure that all laboratory equipment is properly 
installed and is functioning and maintained, and that staff are 
trained, is an urgent next step. POC technologies will not solve 
all these shortfalls, despite not requiring laboratory specialists. 
Both surveys highlight that “no instalment or no deployment 
of equipment” and “lack of reagents” represent the reason 
for 90% of all technologies not being used. Better planning 
is needed to assess where each piece of equipment ordered 
should be installed or deployed, to train individuals in how to 
operate machines, and to ensure a good supply of reagents to 
guarantee full operation. In addition, there is an urgent need 
for the development of technologies that are better suited 
to low-income settings, in particular technologies that meet 
the ‘ASSURED’ criteria (Affordable, Sensitive, Specific, User-
friendly, Rapid and robust, Equipment-free and Deliverable) 
for those who need it. National programme managers 
must develop and implement their strategic laboratory 
plans, ensuring staff training and efficient procurement of 
equipment and other laboratory commodities (9,10). National 
programmes should consider procuring products that are 
either WHO prequalified or, if not prequalified, found on the 
list of diagnostics eligible to tender for procurement by WHO 
and other international organizations (5,11,12). 

Caution needs to be taken when using the results of these 
surveys. Because of underreporting of laboratory activities in 
some national programmes, the reported information in the 
survey may not be accurate on the number of machines or 
number of tests performed. In addition, the median number of 
tests per machine does not tell how much a particular machine 
in a specific setting is performing. The best way of assessing 
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whether a machine is efficiently used per technology would 
be to look at the number of tests performed by the individual 
machine. This is impossible in this type of global survey. It is 
suggested that laboratory managers keep the activity log of 
each technology to better measure the performance of the 
specific equipment. 

Policy-makers and programme managers need to explore 
how efficiency with laboratory services and productivity to 
the full capacity of different technologies can be improved to 
ensure a better population coverage in CD4 and virological 
tests. It is hoped that POC technologies that are easier to use 
will improve efficiency and increase the production capacity 
and timely return of test results. The survey reveals that 
POC technologies are available for CD4, but not yet for VL/
EID testing. While we wait for these new technologies to be 
available in countries, strengthening the transport system 
so that samples can be collected from remote ART facilities 
(including the use of dried blood spots for EID) must remain a 
key focus. 

A national laboratory strategic plan to strengthen the 
laboratory system needs to be developed, implemented 
and monitored by governments and their national and 
international partners. The focus should be on low- and 

middle-income countries with a high burden of HIV infection, 
to ensure effective use of laboratory technologies to tackle 
the HIV/AIDS pandemic. Trained laboratory technicians, 
improved maintenance and supervision, uninterrupted supply 
of reagents, and quality assessment by national reference 
laboratories will be essential to ensure high-quality testing. 
Support from governments and their partners for laboratory 
services needs to be rapidly increased and their performance 
levels closely monitored. Significant efforts are now being 
made in the area of laboratory strengthening and diagnostic 
coverage by the organisations collaborating in the Diagnostic 
Access Initiative, launched in Melbourne (Australia) in  July 
2014. Those include among others the African Society for 
Laboratory Medicine, the Centers for Disease Control and 
Prevention, Clinton Health Access Initiative, the Global Fund, 
UNAIDS, UNITAID, the United Nations Children’s Fund, the U.S. 
President’s Emergency Plan for AIDS Relief and WHO. 

WHO will continue to evaluate the market share and 
performance of laboratory technologies, in particular POC 
technologies, and advocate for better diagnostic coverage 
and provide normative guidance for the deployment and 
procurement of laboratory technologies.
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ANNEX
1. Countries that responded to the 2012 WHO survey

WHO African Region 

1. Benin

2. Botswana

3. Burkina Faso

4. Burundi

5. Cabo Verde

6. Cameroon

7. Comoros

8. Côte d’Ivoire

9. Democratic Republic of the Congo

10. Eritrea

11. Ethiopia

12. Ghana

13. Kenya

14. Madagascar

15. Malawi

16. Mali

17. Mauritania

18. Mauritius

19. Namibia

20. Niger

21. Nigeria

22. Senegal

23. Sierra Leone

24. Togo

25. Uganda

26. Zambia

27. Zimbabwe

WHO Region of the Americas

1. Anguillaa 

2. Argentina

3. Barbados

4. Bolivia

5. Cuba

6. El Salvador

7. Grenada

8. Guatemala

9. Guyana 

10. Honduras

11. Nicaragua

12. Paraguay

13. Saint Lucia

14. Trinidad and Tobago

15. Uruguay

WHO European Region 

1. Republic of Moldova

2. Romania

3. Ukraine

WHO Western Pacific Region

1. Cambodia

2. China

3. Malaysia

4. Papua New Guinea

5. Viet Nam

WHO Eastern Mediterranean Region 

1. Afghanistan

2. Islamic Republic of Iran

3. Kuwait

4. Lebanon

5. Morocco

6. Oman

7. Occupied Palestinian territory

8. Qatar

9. Saudi Arabia

10. Somalia

11. Sudan

12. South Sudan

13. Syrian Arab Republic

WHO South-East Asia Region 

1. Bangladesh

2. Indonesia

3. Maldives

4. Myanmar

5. Nepal

6. Sri Lanka

7. Thailand

8. Timor-Leste

a  In this report, Anguilla is included in the number of countries of the WHO Region of the Americas but it is a British overseas territory and not a separate country.
b  South Sudan was still in the WHO Eastern Mediterranean Region when the survey was conducted in 2013 but is now the 47th Member State of the WHO African Region.
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2. Countries that responded to the 2013 WHO survey

WHO African Region 

1. Benin

2. Botswana

3. Burkina Faso

4. Burundi

5. Cabo Verde

6. Cameroon

7. Comoros

8. Côte d’Ivoire

9. Democratic Republic of the Congo

10. Eritrea

11. Ethiopia

12. Ghana

13. Kenya

14. Madagascar

15. Malawi

16. Mali

17. Mauritania

18. Mauritius

19. Namibia

20. Niger

21. Nigeria

22. Senegal

23. Sierra Leone

24. Togo

25. Uganda

26. Zambia

27. Zimbabwe

WHO Region of the Americas

1. Anguillaa 

2. Argentina

3. Barbados

4. Bolivia

5. Cuba

6. El Salvador

7. Grenada

8. Guatemala

9. Guyana 

10. Honduras

11. Nicaragua

12. Paraguay

13. Saint Lucia

14. Trinidad and Tobago

15. Uruguay

WHO European Region 

1. Republic of Moldova

2. Romania

3. Ukraine

WHO Western Pacific Region

1. Cambodia

2. China

3. Malaysia

4. Papua New Guinea

5. Viet Nam

WHO Eastern Mediterranean Region 

1. Afghanistan

2. Islamic Republic of Iran

3. Kuwait

4. Lebanon

5. Morocco

6. Oman

7. Occupied Palestinian territory

8. Qatar

9. Saudi Arabia

10. Somalia

11. Sudan

12. South Sudan

13. Syrian Arab Republic

WHO South-East Asia Region 

1. Bangladesh

2. Indonesia

3. Maldives

4. Myanmar

5. Nepal

6. Sri Lanka

7. Thailand

8. Timor-Leste

a  In this report, Anguilla is included in the number of countries of the WHO Region of the Americas but it is a British overseas territory and not a separate country.
b  South Sudan was still in the WHO Eastern Mediterranean Region when the survey was conducted in 2013 but is now the 47th Member State of the WHO African Region.
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