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Background: Point-of-care (POC) CD4 T-cell counting is increasingly recognized as providing improved
linkage-to-care during management of HIV infection, particularly in resource-limited settings where dis-
ease burden is highest. This study evaluated prototype POC CD4 T-cell counters from MBio Diagnostics
in the context of low CD4 count, hospitalized patients in Mozambique. This study measured system per-
formance when presented with challenging, low count samples from HIV/AIDS patients with acute ill-
nesses resulting in hospitalization.

Methods: Forty whole blood samples were collected from donors on the medical service at Maputo
Central Hospital and absolute CD4 counts were generated on the MBio CD4 system and a reference laho-
ratory using flow cytometry.

Results: The mean and median CD4 counts by the flow cytometry reference were 173 and 80 cells/pL,
respectively. Correlation hetween the MBio CD4 System and the reference was good. Bland-Altman analysis
showed a mean hias of +15 cells/uL (+9 to +21 cells/uL, 95% CI), and limits of agreement of —47 to
77 cells/pL. For samples with counts >100 cells/uL (N = 14), the mean coefficient of variation was 7.3%.
For samples with counts <50 cells/uL, mean absolute hias of replicate samples was 4.8 cells/uL. When
two MBio readers were compared, Bland-Altman bias was —4 cells/uL (—13 to +6 cells/uL, 95% Cl), and
limits of agreement of —63 and +55 cells/ul.

Conclusions: The MBio System holds promise as a POC system for quantitation of CD4 T cells in resource-
limited settings given system throughput (80-100 cartridges/day), design simplicity, and ease-of-use. © 2015
International Clinical Cytometry Society
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The absolute CD4 T cell count is a critical component
of HIV disease management worldwide (1). For disease
staging, particularly in resource-limited settings, the CD4
count is used with clinical evaluation to guide decisions
on antiretroviral therapy (ART) initiation, with the World
Health Organization (WHO) recommending ART for all
HIV-infected individuals with CD4 T cell count below
500 cells/uL (2). Less attention has been given to the
potential utility of timely CD4 cell counting in the con-
text of acute hospitalizations. Physicians in areas of high
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HIV prevalence are not infrequently confronted with
patients presenting with acute HIV-1 related illnesses,
who have not had or are unaware of the results of
recent CD4 cell counts. Early knowledge about the
degree of immunodeficiency may have a profound
impact on early management and triage decisions. The
CD4 count is also used to monitor ART, particularly in
settings where HIV viral load testing is unavailable or
cost prohibitive.

CD4 testing is performed primarily using flow cytome-
try equipment in central laboratories. Although some
health systems, particularly in South Africa, have suc-
cessfully implemented broad access CD4 testing based
on a highly automated, central laboratory model, it is
widely recognized in the global health field that cost-
effective, decentralized, higher throughput tools for
absolute CD4 count have the potential to significantly
improve HIV care. The introduction of point-of-care
(POC) CD4 technologies in recent years has been
shown to improve patient retention and time to initia-
tion of ART (3,4). The Alere PIMA Analyzer is the most
widely implemented of POC CD4 systems, and several
other POC CD4 technologies are either available or are
expected to be available soon. POC CD4 technologies
for resource limited settings have been the subject of
several recent reviews (5-10).

MBio Diagnostics is developing a portable CD4 T-cell
counting system specifically for POC, near patient, and
small laboratory implementation in resource-limited set-
tings. MBio is focused on three important features. First,
the MBio system is designed for batch operation, with a
single-operator throughput of 80-100 cartridges/day on
a single instrument. Barcodes can be read by the instru-
ment to reduce errors due to identifying samples when
large volumes of cartridges are used. Second, the system
has been developed to minimize cost of the disposable
cartridge, eliminating pumps, valves and make-break flu-
idic features. Third, the CD4 system will be merged
with MBio’s multiplexed immunoassay analyzer (11),
providing the ability to deliver CD4 count, HIV testing,
and opportunistic infection diagnosis on a single
platform.

An early prototype of the MBio system, called Snap-
Count™, has been described previously (12). An
improved cartridge and reader, now called the MBio
CD4 System, provides two major advances relative to
SnapCount: the imaging system has been modified to be
compatible with undiluted whole blood, eliminating
front end sample processing, and all assay reagents have
been incorporated as heat-stable dried reagents on-board
the cartridge. As a result, the MBio CD4 System requires
minimal user interactions, making it more compatible
with busy POC testing settings. Although the system is
designed for use in POC settings, reliable, POC diagnos-
tics technologies may also facilitate patient management
within in-patient hospital settings, where access to labo-
ratory infrastructure may still be limited.

This article describes an evaluation of the improved
MBio CD4 System in the context of low CD4 count HIV

patients at Maputo Central Hospital in Mozambique. The
goal was to assess analytical performance of the MBio
CD4 System relative to a flow cytometry reference, and
to establish system functionality in terms of cartridge
and reader reproducibility. The authors note that this is
a small study designed to give a preliminary assessment
of a new technology. Conclusions must be confirmed
with larger clinical evaluations.

METHODS
Study Participants and Sample Collection

Blood donors were recruited by a study nurse from
the adult in-patient medicine ward at Maputo Central
Hospital (MCH) under an informed consent protocol
approved by ethical review boards in Mozambique and
at the University of California, San Diego (UCSD).
Donors with suspected or confirmed HIV-infection were
selected based on clinical evaluation by admitting physi-
cians and on ancillary information available in the inpa-
tient medical record. Exclusion criteria included contra-
indication to venipuncture. No participants were
excluded on the basis of gender, race, or ethnicity, or
socioeconomic status. Samples were deidentified by
study staff prior to testing on the MBio System.

Upon informed consent, 2 separate 3 ml whole blood
specimens were collected via venipuncture into evac-
uated K,EDTA Vacutainer® tubes. One tube was deliv-
ered to the Instituto Nacional De Saude (INS) for refer-
ence flow cytometry testing. The other tube was
delivered to the Universidade Eduardo Mondlane (UEM)
laboratory that hosted the prototype MBio system and
study technical staff. Both the INS and UEM laboratories
are walking distance from the MCH medical ward, and
all CD4 testing was performed the same day as sample
collection.

Reference Testing

Reference flow cytometry CD4 counts for each sam-
ple were measured using a single platform BD FACSCali-
bur flow cytometer with BD Multitest™ kits at the INS
Cellular Immunology Laboratory. Reference CD4 counts
were reported to the study team after completion of the
analysis on the MBio CD4 System.

MBio CD4 System and Protocol

The MBio CD4 System consists of single-use dispos-
able cartridges and a simple reader. Absolute CD4 count
is generated using two-color fluorescent immunostaining
and imaging cytometry. The disposable cartridge con-
sists of a single fluid channel with passive fluidics based
on capillary flow. A proprietary antibody formulation is
dried on the cartridge. When rehydrated with a 15 pl
blood sample, CD3+ cells and CD4+ cells are stained
with two different fluorophores. When the cartridge is
analyzed on the reader, software automatically processes
the fluorescence images and generates a CD3+/CD4+ T
cell count using a proprietary image analysis algorithm.
For this study, each cartridge was loaded and run at
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Fic. 1. (Top) Scatterplot comparing MBio CD4 system cell counts to
the flow cytometry reference (N=40 blood samples, Nc=112 car-
tridges). Linear regression results and fit (dashed line) are shown on the
plot. Additional data regression is described in the text. (Bottom)
Bland-Altman plot of all cartridges processed in the study (Ng=112).
Mean bias (dashed line) is +14.9 cells/ul (+9 to +21 cells/ul, 95%
Cl). The limits of agreement (LOA, dash-dot-dash lines) are —47 and 77
cells/ul.

room temperature for 20 min, followed by a ~5 min
read.

Two MBio CD4 readers were installed in the labora-
tory of Dr. Emilia Noormahomed in the UEM Division of
Parasitology. Fifteen microliters of whole blood were
transferred from the Vacutainer® tube to the cartridge
inlet port with an adjustable pipette. The test is insensi-
tive to the volume of blood added to the cartridge
between 10 and 20 pl. The blood was manually aspi-
rated and dispensed on the cartridge to promote dried
reagent rehydration and mixing. A vent on the cartridge
was then manually punctured to allow the blood to
flow into the imaging region of the cartridge. After the
fluid flowed down the channel in the cartridge, an adhe-
sive seal was placed over the cartridge inlet to minimize
biohazard. The cartridge was then allowed to incubate
for 20 min on the bench top before insertion into an
MBio CD4 Reader for analysis. All 40 samples were ana-
lyzed on two MBio readers. Thirty-two of the samples
were measured in triplicate with two measurements
made on one reader and one on the other.
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Statistical Analysis

Absolute CD4 count results from the MBio CD4 Sys-
tem were compared to flow cytometry using Bland-
Altman analysis, providing mean bias with 95% confi-
dence intervals and limits of agreement (LOA).

Cartridge reproducibility was assessed by running the
same blood sample on multiple cartridges. Percent coef-
ficient of variation (%CV, ratio of the sample standard
deviation to the mean value) is used as the reproducibil-
ity metric. %CV was calculated when three or more sam-
ple replicates were available. %CV was not calculated
for samples with absolute counts <50 cells/pl, as clini-
cally insignificant absolute count variations can lead to
misleadingly high %CVs. For samples with CD4 counts
<50 cells/ul, the mean absolute count bias is reported
as an assessment of reproducibility. Instrument-to-
instrument reproducibility was assessed using a Bland-
Altman analysis of the same blood sample run on both
MBio readers. This study did not attempt to address
operator variability.

RESULTS
Study Participants and Sample Characteristics

A total of 40 whole blood samples were provided by
HIV-infected individuals at Maputo Central Hospital.
Counts ranged from 7 to 692 cells/ul. The mean and
median CD4 counts for the sample set were 173 and 80
cells/ul, respectively.

MBio CD4 System Performance Relative to Flow Cytometry

The MBio CD4 System showed good correlation with
reference flow cytometry (Fig. 1). When all samples and
cartridges are considered as independent measurements,
Bland-Altman analysis resulted in a mean bias of +14.9
cells/ul (9-21 cells/pl at 95% confidence). The limits of
agreement (LOA) were from —47 to 76 cells/ul. The
Passing-Bablok regression was performed using the first
two replicate measurements of each sample and yields a
slope of 1.09 (1.05-1.13 95% CD and intercept 2.13
(—0.32 to 4.70 cells/ul, 95% CI).

WHO currently recommends initiating ART when
CD4 counts are below 500 cells/pul (2). Because of
resource constraints and lack of access to ARTs, many
endemic settings still use a lower threshold of 350 cells/
pl. The MBio CD4 System had no high or low misclassifi-
cations at either the 350 or 500 cells/ul thresholds,
although the number of samples around the cutoff
points was low and the misclassification rate analysis
will need to be repeated in a larger study. In this partic-
ular study, we focused on Maputo Central Hospital inpa-
tients. Maputo Central typically admits 15-20 new
patients daily to its medical services and ~70% of these
are HIV infected. Although the median CD4 cell count
in our sample set was 80 cells/ul, we encountered a
wide range of counts (7-692 cells/ul) in this conven-
ience sample of inpatients. The platform performed
extremely well in distinguishing those with <50 CD4
cells/pl and 50-200 CD4 cells/ul from those with higher
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Fic. 2. Bland-Altman analysis for blood samples run on two MBio
Readers, with Reader 1 as compared to Reader 2. Mean bias (dashed
line) is —3.6 cells/ul (—=13.2 to +6.0 cells/ul 95% Cl). LOAs (dash-dot-
dash lines) are —62.5 and +55.3 cells/pl.

counts. Patients in these lower CD4 cell count strata
would be expected to be at risk from a much broader
array of opportunistic pathogens and might benefit from
broader use of empiric antimicrobials while the differen-
tial diagnosis is refined by the patient clinical evolution
and the return of traditional microbiological tests.

MBio cartridge reproducibility was good. For the 18
samples with a CD4 count >50 and with three or more
replicates per sample, the mean %CV was 8.1%, a clini-
cally acceptable reproducibility for a sample collection
in this low count range. When only samples with a CD4
count >100 cells/ul are considered (N = 14), the %CV is
7.3%. Reproducibility was also good for the very low
count samples; for the samples with CD4 counts <50
cells/ul (N =16), the average absolute bias was 4.8
cells/pl.

Comparison of the two MBio Readers is provided in
Figure 2. When the same blood sample was run on the
two instruments the mean bias is —3.6 cells/ul (=13 to
+6 cells/pl 95% CD with LOAs of —62 and +55 cells/pl.

DISCUSSION

Moving CD4 counting from a small number of refer-
ence laboratories to district hospitals, health clinics, and
rural POC settings in high disease burden countries has
been a major advance in the last 5 years. Jani et al.
showed that POC CD4 testing in rural and periurban set-
tings in Mozambique reduced pretreatment loss to
follow-up, with more patients identified as eligible and
initiated on ART (4,13). This observation has been con-
firmed in multiple subsequent linkage-to-care studies (3).
Technologies that deliver CD4 count at the point of care
have been the subject of significant investment and
development, with a pipeline of products expected to
be available in the near term. Yet despite the success of
technologies such as the Alere PIMA Analyzer, there is
still a need for higher throughput, lower cost, easy-to-
use near patient CD4 systems in resource-limited set-
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Fic. 3. MBio CD4 System showing cartridge being inserted into the
Reader. The MBio Rack used for cartridge and timing management is
shown in the back.

tings (8) that ideally deliver additional features while
providing lab quality performance in challenging opera-
tional environments.

An important factor to consider in POC and near-
patient CD4 testing environments is sample throughput.
For example, it is not uncommon for HIV clinics across
sub-Saharan Africa to see >50 patients/day. Even in clin-
ics with lower overall patient visit numbers, it is com-
mon to have clinical hours clustered in a short time
period. Throughput of POC testing and the ability to
run batch processes are therefore of paramount impor-
tance for practical implementation. The current leading
POC CD4 system (PIMA), has a throughput of only 2-3
cartridges per hour per instrument, run serially, (instru-
ment is occupied ~20 min for each test). The MBio
CD4 System has been designed to handle all cartridge
incubations off-instrument, with an ~3 min analysis on
the reader. As a result a single operator can process 10
to 15 cartridges per hour, and 80-100 cartridges per
shift using a single reader. Cartridges can be read up to
1 h after the sample is added to the cartridge, and can
be reread multiple times.

Ease-of-use is another key factor for practical imple-
mentation. The premarketing version of the MBio CD4
System described here eliminated the volumetric sample
dilution and transfer steps described in an earlier ver-
sion (12), and moved to direct addition of whole blood
to the assay cartridge containing all assay reagents. The
assay protocol used to generate data in this article relied
on minimal manual steps and is designed for use with
capillary (i.e., finger stick) blood. The small footprint
system is shown in Figure 3.

In conclusion, this study showed the MBio CD4 Sys-
tem can provide reliable CD4 counts on low CD4 count
samples. This is promising technology for near patient
and point of care CD4 testing in resource-limited set-
tings, particularly in settings where a rapid turnaround
and high sample throughput is desired.
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