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Summary A study was conducted in rural Malawi to verify (a) whether the Partec CyFlow
Counter® for CD4+ T-cell lymphocyte counting in HIV-positive individuals could be introduced
into a district hospital laboratory and (b) whether it would produce CD4 counts of acceptable
quality. CD4+ cell counting was performed using the Partec CyFlow Counter and the results were
compared with a reference method (FACsCount). A total of 311 blood samples were analysed
and the correlation coefﬁcient for the CyFlow Counter was 0.92 (95% CI 0.89—0.95). Mean
CD4 counts using the Partec and the reference methods were 308.2 cells/l and 316.9 cells/l,
respectively. The mean difference in CD4 count values was −8.68 cells/l (95% CI −18.8 to 1.4).
Mean intra-run variation was −6.84 cells/l (95% CI −12.9 to 0.79). In the district laboratory
setting, the instrument could accommodate up to 75 blood samples per technician per day. After
being trained, local laboratory staff found the CyFlow Counter procedures simple to run and
the instrument easy to manipulate. The Partec CyFlow Counter produces sufﬁciently reliable
results and the instrument appears robust under ﬁeld conditions. It could provide a new option
for introducing routine CD4+ cell monitoring at the district level in the context of scaling-up
antiretroviral therapy in Malawi.
© 2006 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd. All rights
reserved.
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The Partec CyFlow Counter® for CD4+ T-cell monitoring in Malawi

1. Introduction
Malawi is a small and impoverished country in southern
Africa with 10 million inhabitants. In 2003 there were an
estimated 900 000 people living with HIV/AIDS and 86 000
AIDS-related deaths (MOHP, 2003a). In the same year, an estimated 170 000 people were considered to be in immediate
need of antiretroviral therapy (ART). Malawi has thus laid
out an ambitious plan to scale-up ART to 80 000 people by
the end of 2005 (MOHP, 2003b).
CD4+ T-lymphocyte counting is an important parameter
for monitoring individuals with HIV/AIDS as CD4+ cell counts
are the best indicator for (a) assessing the risk of occurrence
of opportunistic infections, (b) deciding when to initiate
ART and (c) monitoring immunological response to therapy
(Saravolatz et al., 1996). Despite its importance, available
CD4 technology remains for the large part expensive and
inappropriate for ART scale-up in developing countries.
Flow cytometry is considered the gold standard technique for CD4+ cell enumeration (CDC, 1997; Landay et al.,
1990). Nevertheless, traditional ﬂow cytometry instruments
such as FACsScan and FACsCalibur (Becton Dickinson) have
several limitations. The equipment and reagents are exorbitantly expensive, specialised infrastructure is required for
their installation, and skilled manpower is needed for routine use and maintenance (Diagbouga et al., 2003; Greve et
al., 2003; Janossy et al., 2000; Mandy et al., 2002; Sherman
et al., 1999).
The FACsCount (Becton Dickinson) is a simpliﬁed ﬂow
cytometer (Lopez et al., 1999; Young et al., 1997) but is
still very expensive. Several manual techniques that overcome the problem of sophistication exist (Didier et al., 2001;
Lyamuya et al., 1996). However, they are limited by a low
throughput of samples and high interpersonal variation in
results as well as being labour intensive. The latter is of
particular relevance to the situation in Malawi where there
is a serious lack of human resources and where laboratory
staff are already overworked (Kober and Van Damme, 2004;
MOHP, 2003c).
To avoid universal CD4 monitoring acting as a barrier to
the national scale-up strategy in Malawi, the country currently offers ART to all individuals who are assessed clinically
as being in WHO stages III or IV and treatment response
is monitored clinically (WHO, 2003). Since an unavoidable
delay exists between immunological and clinical failure,
such a strategy thus carries a risk that treatment failure
is detected late and might be associated with the development of drug resistance. The overall effectiveness of ART
in promoting survival where the HIV burden is highest may
thus be compromised. The need for practical, ﬁeld-friendly
and cheap methods of measuring CD4+ lymphocyte counts in
the context of scaling-up ART is thus urgent (Mwaba et al.,
2003).
Recently, an instrument called the Partec CyFlow
Counter® (Partec GmbH, Münster, Germany) has become
available for CD4+ T-cell enumeration (www.cytecs.com).
The instrument is relatively cheap and the cost of reagents
is 5—20 times cheaper than that for FACsCount or other available methods. It does not depend on a stable power supply,
can work on a car battery and can be moved between sites.
It is also relatively small, reputed to be easy to use and has
a high throughput of samples.
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The CyFlow Counter may thus provide an alternative
technique for CD4 monitoring in the context of the imminent scaling-up of ART in Malawi. However, this instrument
has not been evaluated in resource-limited settings and we
are unsure whether its claimed merits are reproducible in
this setting.
We thus decided to assess (a) whether the Partec CyFlow
Counter could be introduced into a routine rural district laboratory in Malawi and (b) whether it would produce CD4
results of acceptable quality.

2. Methods
2.1. Study setting and population
The study was conducted between August and November
2003 in Thyolo and Chiradzulu districts in rural southern
Malawi. The two districts have populations of approximately
450 000 and 160 000 inhabitants, respectively, and are the
pioneers to pilot HIV/AIDS-related activities, including ART,
in Malawi. Since early 1999, the two hospitals offer voluntary counselling and HIV testing (VCT) to ill patients,
mothers attending antenatal care, patients with tuberculosis and all those who wish to know their HIV status. ART
is offered according to national guidelines and is free of
charge (MOHP, 2003c). All consecutive HIV-positive individuals in various WHO stages of disease presenting either to
the VCT unit or to the HIV/AIDS clinics were included in
the study. Thirty-ﬁve consecutive HIV-negative individuals
who presented to VCT were also included to assess instrument accuracy at CD4 counts that are likely to be higher
than in HIV-positive individuals. This study received ethical
approval from the National Health Sciences Research Council of Malawi and the Ethical Review Board of Médecins sans
Frontières.

2.2. The CyFlow Counter, and intra-run and
inter-run variation
The CyFlow Counter is a fully equipped, portable, ultracompact desktop ﬂow cytometer dedicated principally to
CD4 counting (but is also for CD8 and CD3 counting). The
instrument uses ﬂuorescent-labelled anti-CD4 monoclonal
antibodies to capture CD4+ T-cells from whole blood and
allows automated CD4 counting. The CyFlow Counter was
installed at the Chiradzulu district hospital laboratory by a
local laboratory team; technical support was provided by
the manufacturer. No speciﬁc changes to the infrastructure
were made to cater for installation of this instrument.
Intra-run variation was assessed in two different ways.
Ten consecutive CD4 readings were performed on the same
single blood preparation in the same tube. The second
procedure involved repeating the CD4 count reading on
84 different samples. Inter-run variation was assessed
by comparing CD4 counts from ten runs carried out on
the same blood sample prepared in ten separate tubes.
Inter-personal variation was assessed by comparing results
obtained by three different laboratory technicians.
The Chiradzulu laboratory is a typical district hospital
laboratory in Malawi that runs a standard essential package
of laboratory tests according to national guidelines (MOHP,
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2003c). Laboratory technicians were trained in procedures
related to blood preparation and operating the instrument.

2.3. Blood collection and CD4 counting
After obtaining informed consent, two aliquots of blood
were collected by sterile venipuncture into tubes containing EDTA anticoagulant. CD4+ T-cell enumeration was
performed using the CyFlow Counter and a parallel analysis
was performed using an accepted reference instrument,
the FACsCount, in an independent reference laboratory.
The results from the FACsCount were designated as the gold
standard for this study.
The CyFlow Counter uses a ‘no lyse, no wash’ procedure
for CD4 counting (Greve et al., 2003). Fifty microlitres of
EDTA-anticoagulated blood were added to 10 l of monoclonal antibodies. After 15 min of incubation, 1 ml of no lyse
dilution buffer was added and the sample tube was attached
to the CyFlow Counter for automated counting. Results were
available in 2 min and were expressed in a histogram (CD4+
cells/l).
CD4 counting using the FACsCount similarly involved
adding 50 l of EDTA-anticoagulated blood to ready-to-use
tubes. After incubation for 60 min, 50 l of ﬁxative solution
was added. This was followed by a second incubation
period of 30 min, following which samples were ready for
acquisition. CD4 count results were available in 3—7 min.
All blood samples were processed on the same day as
blood draw. A vehicle was made available for transport
of blood samples from Thyolo district to the Chiradzulu
district hospital laboratory as well as to the reference
laboratory located in Blantyre, Malawi. Partec PreCount
Control beads and FACsCount controls were used for internal
quality control of CD4 test results for the two respective
instruments.
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study, there were 109 (35%) men and 202 (65%) women, with
a median age of 34 years (range 2—80 years).
Two hundred and seventy-six individuals were HIVpositive and 35 were HIV-negative. Of the HIV-positive individuals, 19 (7%) were classiﬁed in WHO stage I, 90 (33%) were
in WHO stage II, 121 (44%) were in WHO stage III and 46 (17%)
in WHO stage IV. The median CD4 count in all blood samples
was 212 cells/l (range 2—1789 cells/l).

3.2. Intra-run and inter-run variation
Intra-run variation on the ten consecutive CD4 readings
performed on the same single blood preparation in the
same tube was 3%. The mean intra-run variation was
−6.84 cells/l (95% CI — 12.9 to 0.79) on repeat reading
of 84 different samples. Inter-run variation was 6%. Interpersonal variation in CD4 counts between three different
laboratory technicians was 5% in high CD4+ T-cell counts
above 800 cells/l and 16% in CD4+ T-cell counts under
50 cells/l.

3.3. CD4 counting using the CyFlow Counter and
FACsCount
Figure 1 demonstrates the linear regression analysis
between the CD4 count results obtained from the CyFlow
Counter with that of the reference method (FACsCount).
The correlation coefﬁcient of the CyFlow Counter was 0.92
(95% CI 0.89—0.95). The mean CD4 count using the Partec
instrument was 308.2 cells/l whilst that with the reference
method was 316.9 cells/l. The mean difference in CD4
count values between the two methods was −8.68 cells/l
(95% CI −18.8 to 1.4) (Figure 2).
The throughput of the CyFlow Counter was estimated at
75 samples per technician per day when used in a district

2.4. Statistical analysis
Data acquisition and analysis were performed in real time
with a standard Pentium PC. Analysis was performed using
Method Validator Version 1.1.9.0.
The absolute CD4 count was the variable of interest.
Intra- and inter-run variability were assessed using the mean
value. CD4 count results from the CyFlow Counter were compared with those derived from FACsCount (the gold standard)
using a Bland—Altman method of analysis (Bland and Altman,
1986). The measure of linear association was expressed as a
correlation coefﬁcient. The mean difference in CD4 counts
by the two methods was also determined. The conﬁdence
interval (CI) was set at 95% with a 5% error risk.

3. Results
3.1. Characteristics of the study population
A total of 318 individuals were registered for the study.
Seven individuals were excluded; ﬁve blood samples introduced for counting by FACsCount did not produce results,
one sample was not drawn in aliquot and one sample was
clotted. Of the 311 individuals who were included in the

Figure 1 Regression analysis between the CyFlow Counter and
FACsCount with the theoretical (dotted line) and real (full line)
coefﬁcient.
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Figure 2 Mean difference (CD4+ cells/l) between the
CyFlow Counter and FACsCount.

hospital setting and including systematic daily internal
quality control runs.

4. Discussion
This study shows that it is feasible to install and run the
Partec CyFlow Counter in a routine district level laboratory
in Malawi and the CD4+ T-cell counts are of acceptable quality.
The results produced by this machine in a district hospital
laboratory showed a correlation of 92% with a very limited mean difference compared with the reference method.
The CD4 count is the product of three variables —– the
white blood cell count, percent lymphocytes and the percent CD4+ T-cells —– and analytical variations (even with the
same instrument) are normal. This accounts for the ‘wide
range’ within normal CD4 values (usually between 500 and
1400 cells/l). From a therapeutic decision point of view,
the results from the Partec CyFlow Counter are thus very satisfactory. This becomes all the more acceptable as it means
that CD4 counting could be provided at the local level. Two
other studies from different settings have similarly shown
that accurate determinations of CD4+ T-lymphocytes can be
obtained with the Partec CyFlow Counter (Cassens et al.,
2004; Dieye et al., 2005.).
Our experience with this instrument is encouraging for a
number of other operational reasons. First, the instrument is
small, portable and could be installed in a rural district laboratory equipped with very basic infrastructure and amenities
(a running water supply and electricity supply on the district
grid). The local technicians quickly became conversant with
the counting procedures and use of the machine.
Second, sample preparation for CD4 counting with the
CyFlow Counter took approximately 15 min compared with
90 min for the FACsCount. In a setting where laboratory
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technicians are few, have limited time and are overworked
(Kober and Van Damme, 2004; MOHP, 2003d), the CyFlow
Counter is thus ‘technician friendly’.
Newer generation CyFlow Counters now beneﬁt from an
alignFreeTM optical technology that spares the problem of
difﬁcult and often time consuming optical alignment and
adjustment. This reduces the need for regular technical support and maintenance. In a resource-limited setting such
as Malawi, this is an important operational consideration.
An important limitation of this study is the fact that the
evaluation covered a relatively short period of time and is
thus unable to provide information on how robust the CyFlow
Counter will be on a longer-term basis.
There are a number of operational perspectives that tend
to favour the use of the CyFlow Counter for CD4 monitoring
in Malawi. First, the current scaling-up plan for Malawi is
focused on districts on a country-wide level (MOHP, 2003b).
A district such as Thyolo, with approximately 450 000 inhabitants, has an estimated 40 500 people living with HIV/AIDS
(global HIV prevalence of 9%) of whom approximately 7000
are thought to require ART. The current target is to place
half of this number (3500) on ART by the end of 2005. If
three CD4 counts were to be performed per person per year
(at baseline, 6 and 12 months), there will be a need for
the district laboratory to perform approximately 10 500 CD4
tests per year. With a throughput of 75 tests per technician per day and assuming 20 working days per month, our
laboratory could run 18 000 CD4 tests per year. The CyFlow
Counter would thus have adequate capacity to cope with
the CD4 testing needs linked to the target of placing 3500
people on ART by the end of 2005.
Second, ART initiation and follow-up will progressively
have to be decentralised to more distant peripheral health
facilities that are unlikely to have basic laboratory facilities. The Partec CyFlow Counter is portable and can
apparently be operated within a vehicle on a car battery
(www.cytecs.com). Although we have not tested the feasibility of this approach, the machine opens the potential
of making CD4 monitoring available on a ‘mobile basis’ at
peripheral health facilities. Such a strategy might allow
access to ‘same day’ CD4 count results for individuals who
are being managed at distant health facilities and are who
unable to make the distance to the district hospital for
whatever reason. Where both ﬁnancial and human resource
capacity is limited, such as in Malawi, a mobile approach is
likely to be associated with considerable cost advantages
and will optimise ‘capacity sharing’ within a network of
health facilities.
The other main operational consideration is the cost of
reagents, for which the CyFlow Counter offers a considerable advantage compared with the FACsCount (Becton
Dickinson) or manual techniques such as Dynabeads® technology (Dynal Biotech, Oslo, Norway) (Diagbouga et al.,
2003). With the same above example of an estimated 10 500
CD4 tests required per year for Thyolo district, the cost
(at the time of study) in terms of CyFlow reagents would
be US$21 000 (US$2/test), whilst that for FACsCount would
be US$147 000 (US$14/test) and US$52 500 (US$5/test) for
Dynabeads. The investment cost of the CyFlow Counter and
FACsCount instruments, which have a high enough throughput to be used in district hospitals, amounts to more or
less US$20 000. Making such an investment for each of the
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50 district hospitals country-wide in Malawi would mean
US$1 million for instruments alone. This is a considerable
investment compared with currently available resources for
ART in high prevalence settings such as Malawi!
The desired evolution of this much needed technology
should be one that has been reached for rapid whole blood
testing for HIV (WHO, 2004) using techniques such as rapid
slide agglutination or dipstick-like tests that are affordable
and simple to use. The obvious practical advantages would
include: increased numbers of people who will beneﬁt from
CD4 count monitoring; test results can be obtained quickly
(on the same day); less reliance will need to be placed
on laboratory services or sophisticated equipment; and CD4
counting could be made available at decentralised sites such
as health centres.
The international community recognises the pressing
medical, moral, social and economic imperatives to expand
access to ART to the many people living with HIV/AIDS in
the developing world. Countries such as Malawi have taken
up this challenge of offering ART to the thousands in need.
Despite the fact that the CD4 count remains an undeniable
part of what is considered ‘optimal patient management’,
countries such as Malawi are currently unable to offer universal CD4 count monitoring. It is now beholden on manufacturing companies and research institutions to take up
the challenge of simplifying CD4 technology and making
it much more affordable and accessible for the thousands
of HIV-positive individuals in some of the most impoverished parts of the world that urgently need access to this
technology.
Conﬂicts of interest statement
The authors have no conﬂicts of interest concerning the work
reported in this paper.

Acknowledgements
We are grateful to the Thyolo and Chiradzulu district management teams and to the National AIDS Commission, Ministry of Health and Population of Malawi for collaboration
and encouragement in trying to implement HIV/AIDS-related
activities including ART in these two districts. We are grateful to the district laboratory technicians in Thyolo and Chiradzulu (particularly Winfred) as well as the Médecins sans
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