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Abstract
Background: Absolute CD4 + T-lymphocyte counts are used in the initiation and monitoring of
antiretroviral therapy in HIV-infected patients: with the increase number of HIV infected patient and the
reduce number of heath care system in rural zones, HIV monitoring in resource-constrained settings
demands affordable and reliable CD4 + T lymphocytes enumeration methods. We evaluated a simple
PIMA POC which is a dedicated system for enumeration that uses immunomagnetic and
immuno�uorescent technologies. The instrument was designed to be a low-cost, yet reliable and robust
one. In this study, we assessed the correlation between most representative �ow cytometry instruments
present in Cameroon instead of CyFlow from PARTEC, FACSCount, and FACSCalibur both from Becton
Dickinson

Methods: CD4 surface markers on lymphocytes was measured on samples collected in EDTA tubes from
268 patients aged from 1 to 65 years old in three different health care structures. HIV infected patients
are coming from CIRCB, Day Hospital of Hopital Central de Yaounde (HCY) and Hopital General de
Yaounde (HGY). After inform consent, samples were collected and 101 samples were tested with the
FACSCalibur, 60 samples were tested with the CyFlow and 107 samples were tested with the FACSCount
�ow cytometers. All these samples were tested by different technician with PIMA POC present in all these
health care structures and the correlation and agreement were analyzed using linear regression and
Bland–Altman analysis.

Results: The PIMA POC system has excellent precision, accuracy and linearity for CD4 + T lymphocytes
enumeration. Good correlations were obtained between the PIMA POC system and other single platform
methods. Bland–Altman plots showed interchangeability between the three machines. Absolute CD4 + T-
lymphocyte values obtained from the PIMA system correlated well with Cy�ow, FACSCount, and
FACSCalibur method (r2 varies from 0.88 to 0.968, P < 0.0001). The comparison between values obtained
from PIMA with CYFLOW, FACSCount, and FACSCalibur give P = 0.17, P = 0.5 and P = 0.6 respectively
meaning that there is not signi�cant differences between values obtained with PIMA and other �ow
machines.

Conclusion: This POC PIMA system is a simple and reliable system for enumeration of absolute CD4 + T-
lymphocytes. Having one PIMA system easy to use, should reduce the cost and thus increase access to
CD4 testing for HIV infected patients in resource-constrained countries. POC CD4 may also alleviate
testing burdens at traditional central CD4 laboratories, hence improving test access in both rural and
urban environments. This will reduce also the loss of follow up

Background
An estimated 540,000 adults and children in 2018 are living with HIV in Cameroon according to the
UNAIDS in 2018 with an estimated 23.000 newly infected; 52% of children and adults are under
antiretroviral treatment (ART). An ambitious target of the UNAIDS to end the help end the HIV AIDS
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epidemic was also adopted in Cameroon, as a country with resources limited setting, the slogan of 90-90-
90 was not reach because only 74% of people all ages know their HIV status, 71% are on treatment. Only
55% of these patients have got access to biological follow up include the CD4 T cells testing exam[1, 2].
These CD4 T cells are cells of our immune system targeted by HIV AIDS. These cells are depleted during
the chronic HIV infection if the patient is not under adequate ART. The number of these cells, is a
mainstay of monitoring the HIV disease progression and ART. Their monitoring is an integral part of the
management of both newly diagnosed and chronically infected HIV patients [3, 4]. Absolute CD4 + T-
lymphocyte counts are used in the initiation and monitoring of ART in HIV-infected patients: with the
increase number of HIV infected patient and the reduce number of heath care system in rural zones, HIV
monitoring in resource-constrained settings demands affordable and reliable CD4 + T lymphocytes
enumeration methods. CD4 + Lymphocyte counts are routinely ordered during the early phases of ART
and for prophylaxis of opportunistic infections in HIV-positive patients [5, 6]. As new POC CD4
technologies become available, their performance should be assessed before his deployment in
Cameroon and in Africa where the prevalence of HIV is high and there is a reduce number of conventional
�ow cytometry CD4 machines [7]. In a resource limited setting, CD4 count facility is not available in
peripheral areas and often the patients need to travel long distances or the samples need to be
transported to the centre where the facility for CD4 count estimation is available.[8]. The HIV
management needs the medical doctor or the nurse with the respect of guide lines, the compliance of the
patient who is taken drugs, the medical analysis lab with several diagnostic technologies for CD4 T cells,
viral load, biochemistry analysis and the drug resistance testing. In this study we assessed the feasibility
of use of PIMA POC CD4 analyzer in the �eld setting in Cameroon in comparison with CyFlow from
PARTEC, FACSCount, and FACSCalibur both from Becton Dickinson. This PIMA POC is a dedicated
system for enumeration that uses immunomagnetic and immuno�uorescent technologies with the closed
disposable cartridge containing the reagents required for the CD4 + T cell count estimation. The
instrument was designed to be a low-cost, yet reliable and robust one. In different countries such as
Kenya, Zimbabwe, South Africa and Uganda where the evaluation was done, it’s shown that the PIMA
analyzer could give CD4 counts comparable to those obtained with the standard �ow cytometers such as
FACSCount and FACSCalibur [9–14]. In respectful of the quality assurance procedures, the introduction of
a new plate form needs an evaluation in terms of performance comparison and correlation with other
plate forms present in the country. This will signi�cantly improve patient management instead of care,
treatment and clinical decision making [15]. The PIMA POC technology was for resources limited setting,
to improve the quality of patient care, to increase the level of access to the diagnosis lab, the antiretroviral
treatment in laboratory infrastructure, to facilitate HIV prevention through early detection and treatment,
to decentralize the access [16].

There are a number of potential advantages to using the POC in such settings: (i) CD4 results are rapidly
available enabling the early identi�cation and management of patients with low CD4 counts, (ii) use of
POC may aid the assessment of newly diagnosed patients and avoid the need for a repeat clinic visit and
(iii) it is independent of laboratory logistics offering the ability to undertake testing in a variety of settings.
Potential disadvantages include: (i) the need for a skilled healthcare worker to carry out the test, (ii) there
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are implications for service provision including training, quality assurance and the patient pathway in
clinic and (iii) the PIMA POC does not currently provide a CD4 percentage[17].

Material And Methods
Ethical Review

The Cameroon National Ethics Committee approved the protocol prior to implementation with the number
2011/12/454/L/CNERH/SP. Blood samples were collected in the context of routine CD4 count testing for
patients at CIRCB and other health facilities. Written informed consent is not required for receipt of
routine services including CD4 testing performed at MOH facilities. Residual blood from routine testing
was used for the analysis. No personally identi�able information was made available to the researchers.
The institutional review boards waived the need for written informed consent.
Study Setting

This study was done in three health facilities offering CD4 + T cell enumeration: Chantal BIYA
International Reference Centre with PIMA and FACSCalibur �ow cytometer, Central Hospital of Yaounde
with PIMA and CyFlow, and General Hospital of Yaounde with PIMA and FACSCount �ow cytometer. The
sites used different testing platforms (BD FACSCount™, PARTEC Cy�ow™, and BD FACSCalibur™) for
routine CD4 + T enumeration.

Study Participants

A total of 260 were recruited from the three study sites. Data on gender and age were available for all the
patients. 56% were female while 44% were male. The median age was 36 years (range 1–65 years old)
with an approximately normal distribution; 68 patients were aged 18 years or less. At least 37.7% of the
patients were on antiretroviral therapy. Quali�ed and trained laboratory technicians conducted all tests.

Study Design

In this methods comparison study, venous blood specimens were collected consecutively from all eligible
patients presenting at the health infrastructures included in the study who agreed to participate in the
study through informed consent. Demographic data, CD4 + T cell count, and date of clinic visit were all
recorded in a structured questionnaire and entered into a constructed database. This study was reviewed
and approved by the National Ethical Review Committee. Patients were only provided with CD4 + T cell
results obtained from the conventional CD4 testing platforms for further clinical management.

Laboratory Procedures

CD4 testing using each of the available devices was done according to manufacturers’ instructions.
Whole blood collected in EDTA tubes was used for the BD FACSCount™, the BD FACSCalibur™, the
PARTEC Cy�ow™, and the Alere PIMA device. The Alere PIMA was present in all the three sites. Both
internal quality assurance (IQA) were implemented for the platforms according to manufacturers’
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instructions and existing individual laboratory protocols. During the study, we received samples for
external quality control from QASI in Canada. Facility �ow cytometers in the sites are enrolled in one
External Quality Assurance Schemes. The CIRCB, was enrolled in the UKNEQAS EQA program. Control
cartridges (both high and low) were run on the PIMA devices every morning before tests. PIMA devices
reporting errors were not used for this work.

PIMA procedure

Twenty-�ve microliters of the blood sample was dispensed into a disposable anticoagulant-coated
cartridge preloaded with antihuman CD3 and CD4 monoclonal antibodies conjugated with �uorescent
labels (excitation at 520 nm, emission at 671 nm and 575 nm, respectively). The cartridge was capped
and inserted immediately into the analyzer and the test performed. During the 20-minute analysis
process, the blood sample was mixed with the freeze-dried �uorescently conjugated monoclonal
antibodies present within the cartridge. A series of images of the �uorescent labeled cells in the �xed
volume detection chamber were collected and the data analyzed for the absolute number of CD3 + CD4 + 
T-lymphocytes [14, 18, 19][13, 17, 18][14, 18, 19]
FACSCalibur procedure

Fifty microliters of whole blood was dispensed in a TruCount tube containing 20 µl of BD Multitest
�uorescent conjugated monoclonal antibodies, and vortexed for 5 seconds. The Multitest consists of
CD3-FITC/CD8-PE/CD45-PerCP/CD4 APC reagent. The mixture was incubated for 15 min at room
temperature in the dark before adding 450 µl of FACS™ lysing solution and incubating for an additional
15 minutes in the dark prior to acquisition on the FACSCalibur. Data were analyzed using the MultiSET™
software with automated gating and analysis. In this analysis,CD3 T lymphocytes, CD3CD4 T cells and
CD3CD8 T cells in absolute and relative values were determined, and the ratio CD4/CD8. Only the
CD3CD4 T cells were used for comparison with PIMA[20]
FACSCount procedure

Fifty microliter of uncoagulated whole blood was added to the CD4/CD3 reagent tube (containing
monoclonal antibodies and known number of microbeads) using an electronic pipette (BDB). The tube
was vortexed for 5 s and incubated in the dark at room temperature for 60 min. Then, 50 µl of a �xative
solution (5% of formaldehyde in PBS) provided with the reagent kit was added to the tube. The tube was
vortexed, and the non lysed stained sample was analyzed in FACSCount FCM using an automated
FACSCount software. After acquisition of 30,000 events for each sample, the gate was set up
automatically around CD3+/CD4 + T lymphocytes [21]
CyFlow method

Twenty microliters of whole blood were added into a sample tube (on top of the lyophilized antibody spot
at the bottom of the tube) gently mixed and incubated for 15 min (mix again after 5 min) in the dark at
room temperature. Then, Buffer 1 was poured and mixed, and the Buffer 2 was added directly prior to the
measurement on the CyFlow miniPOC. Stained blood was completely aspirated with a new syringe until
the plunger reaches the position 1 ml (avoid having air bubble in the extremity of the syringe). The syringe
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was attached to the device, analysis started and the results (CD4 count and CD4%) were available in less
than 2 min [19, 22]
Data Analysis

The results of the evaluation were analyzed using standard statistical methods. The absolute CD4 + T
Cell counts derived from Alere PIMA device were compared with those derived from existing technologies
by calculating the coe�cient of determination (r2) and conducting regression analysis using XLSTAT. To
determine interchangeability between the device and existing platforms, Bland-Altman analysis was used.
For the former analysis, the bias was de�ned as the mean difference between two methods. Con�dence
intervals for bias and for limits of agreement were calculated using formulae previously described by
Bland and Altman. The x axis on each Bland-Altman plot was the average value of the two methods while
the y axis was the difference between the two methods.

Results
A total of 260 patients were enrolled in the study, of which 68.4% were women. The median age of the
study population was 34 years (range 1–65). The comparison of CD4 count from 101 samples was done
between FACSCalibur and PIMA, 60 samples between CyFlow and PIMA and �nally on 107 samples
between FACSCount and PIMA. Table 1 shows the characteristics of summary of different CD4
enumeration techniques and the place of manipulation. Table 2 shows the comparison between the CD4
results by instrument compared with PIMA. The coef of Pearson correlation of all those CD4 counts are
0.972, 0.947, and 0.948 for FACSCalibur and PIMA, FACSCount and PIMA and CyFlow with PIMA. In this
study, the FACScalibur is the reference instrument respectively. We could observe that the number of CD4
machine has to be increased to facilitate the management of all those patients on treatment, those to
initiate the treatment. The Fig. 1 shows the linear regression analysis and Bland-Altman analysis using
whole blood. In this study, we have repeated ten samples and the correlation was very high (personnel
data).
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Discussion
The abstract of this study was presented as oral presentation at ICASA 2011 at Addis Ababa in Ethiopia.
The results from the comparisons between PIMA and FACSCalibur as a reference �ow machine, the
FACSCount and the Cy�ow indicate that PIMA gives similar results as found in other studies [14, 19].
Comparing the different threshold, PIMA tended to underestimate the CD4 counts at higher CD4 counts (> 
350 cells/mL). The underestimation of the absolute CD4 counts was relatively smaller at lower CD4
ranges and disappeared for CD4 cell counts of, < 200 CD4 + T cells per microliter. This means that when
PIMA is used as a screening tool to identify patients eligible for ART with cut-offs of 200 or 350 CD4 + T
cells per microliter, results are su�ciently accurate to avoid signi�cant misclassi�cation of patients. The
instrument showed a remarkably good agreement with the three instruments for values < 200 CD4 + T
cells/µL, for venous blood. This is important for reliable screening of patients at the point-of-care in
resource-limited countries as the 200 CD4 cell cut-off is still frequently used in these setting to initiate
treatment. Taking into account the new 2010 WHO guidelines recommending a cut-off of 350 instead of
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200 CD4 + T cells/µL to initiate treatment, the “clinical” agreement between both instruments was still
acceptable. Indeed, PIMA’s sensitivity for identifying patients eligible for treatment was still 98% for
venous samples, despite lower speci�cities of 79%. This would be acceptable from the patient’s
perspective, as several patients would receive treatment slightly earlier than scheduled (at 250–300 CD4 
+ T cells per microliter instead of at, 200). From the treatment program’s perspective, however, this would
increase the total cost of treatment as more people would be treated than strictly required. At high CD4 + 
T-cell counts, which are more relevant for monitoring immune reconstitution during treatment,
measurement precision using venous blood was consistently good. The strengths of this instrument are
its small size, its affordability, its ease of use at the point-of-care, and the small blood volume required per
analysis. It is considerable less expensive than �ow cytometry-based instruments. The fact that the
cartridges contain all required reagents, ready-to-use, without the need for delicate pipetting (�nger-prick
blood) is an asset as less training of staff is required. Blood sampling by �nger prick or heel prick would
offer several other advantages, for pediatric cases in particular, because it is less invasive and requires a
very small blood sample per test. Unfortunately, the instrument does not measure CD4 percentages yet
which is preferred over absolute counts in pediatric HIV cases. Therefore, once blood has been inserted in
the cartridges, it must be processed immediately by the instrument. The choice of an instrument like the
PIMA would be primarily determined by the type of setting and by the available resources. The entire
process from incubation to reading and printing of results takes place inside the PIMA analyzer, and
monopolizes the instrument. Therefore, the sample throughput is relatively low, with for instance 1
sample every 20 minutes or even longer, including preparation time. This restriction could be lifted by
installing 2 or more instruments per site and running multiple analyses in parallel. Another restriction is
that once cassettes are loaded with blood, they should be analyzed immediately by the instrument. This
means that patients can only give �nger-prick blood when an instrument is available. The use of
anticoagulated venous blood overcomes this restriction, but the instrument is intended to be used with
capillary blood. Instruments like the PIMA would be of interest to health care workers who are looking for
a very simple and affordable instrument to test a limited number of samples per day at the point-of-care.
Patients can wait until the results are ready to discuss treatment, if required. Furthermore and not
unimportant, patients do not need to return to the clinic just to be informed about the results of the test,
decreasing the risk of being lost to follow-up [23]. Finally, this instrument has demonstrated a good
performance under �eld conditions. This could be to the bene�t of patients in resource-limited settings as
it can help clinicians screen patients for treatment eligibility at the point of-care. CD4 test is done in
Cameroon at the beginning of the ART, 6 weeks after partum, 6 months after postpartum and after 24
months [24]. In the scale up of viral load as a follow up marker of the HIV infection, the CD4 count
continue to be important to evaluate the immune system of the patient. Viral load and CD4 are important
in the interpretation of the resistance test to associate the virology or and the immunologic failure of the
ART.

Delays in CD4 count testing and return of results are a barrier in the cascade from learning HIV positive
results to initiating ART. In a study from a South African clinic, 75% of newly identi�ed HIV positive
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persons who had CD4 testing did not return in 12 weeks for results or ART referral. Point-of-care (POC)
CD4 tests, with immediately available results, would increase engagement in care but require evaluation.

Conclusion
The high performance of the PIMA point-of-care test methodology suggest its utility as an alternative
method for rapid measurement of CD4+ T lymphocyte in patients in remote areas in developing countries,
enabling prompt therapeutic intervention for patients at risk of progression to AIDS. Compared against
the gold standard of �ow cytometry for CD4 testing the PIMA POC CD4 test, when done in a �eld setting,
provides a highly comparable result and can be used to guide ART initiation. It’s well know that delays in
CD4 count testing and return of results are a barrier in the cascade from learning HIV results to initiate
ART. Field performance of POC CD4 testing should be evaluated as a way to increase linkages to HIV
care, particularly in resource-constrained settings
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Figure 1

Linear regression analysis and Bland-Altman analysis using whole blood sample of absolute CD4+ T
lymphocyte counts between PIMA and FACSCalibur (A and B), PIMA and FACSCount (C and D), and PIMA
and CyFlow (E and F) respectively.


