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ABSTRACT 

Introduction 

Pima CD4 (Inverness Medical group 2009), a new method for enumerating CD4+ T-cells 

is affordable, technically simple, and economical in that it can use either electricity or battery. 

It is fully automated and thus, useful in remote settings.  However, limited information on its 

performance exists in current literature. Thus, this study aimed at assessing the accuracy of 

Pima CD4 to BD FASCaliber flow cytometer (Becton Dickinson, Franklin Lakes and 

NJ) and precision of CD4+ T-cell counting using freshly collected capillary and venous 

whole blood samples, and establishing the types and frequency of errors incurred when 

using Pima CD4.  This study reported the performance of the relatively new Pima CD4 

laboratory test as compared to the more established FASCaliber flow cytometer in 

determination of the CD4 counts in HIV-infected individuals. The study addressed an 

important effort in up-scaling rapid, efficient and reliable means of management of HIV in 

resource limited setting such as in rural Uganda. 

 

Materials and methods 

Compared results of absolute CD4 counts obtained on replicate samples from 206 

HIV-infected individuals (adult men and women) by Pima CD4 with those generated 

by BD FASCaliber flow cytometry at the Infectious Diseases Institute in Kampala, 

Uganda. 

 

Results 

Using venous whole blood, the mean CD4 counts were higher for BD FACSCaliber 

(422±220 cells/µL) but not significantly different (P=0.1289) from that for Pima CD4 

(391±201 cells/µL). Results from the two machines were highly positively correlated 

(r = 0.96). The mean CD4 counts for BD FASCaliber using venous whole blood 



 xii 

(422±220 cells/µL) were significantly higher (P=0.0116 at p=0.05 level) than for 

Pima CD4 using capillary blood (371±185 cells//µL). Further, the mean CD4 counts 

enumerated by Pima CD4 for venous whole blood (391±201 cells//µL) were higher 

than that in capillary blood (371±185 cells//µL) but not significantly different 

(P=0.3142). Further, within run precision demonstrated that the inherent imprecision 

of the Pima CD4 instrument is within the manufacturer‟s claims and clinically 

acceptable limits. Also, between run precision demonstrated that the overall inherent 

imprecision of Pima CD4 instrument and due to other external variants is within 

manufacturer‟s claims and clinically acceptable limits. Using venous whole blood the 

operator committed 24.3% errors with channel filling and reagent quality control 

being the most prominent. Likewise, when using capillary blood, the operator 

committed 13.6% errors with image and reagent quality control being the most 

prominent.  

 

Conclusions/recommendations  

Despite the few short comings, Pima CD4 maybe currently one of the suitable 

instruments for health centers and remote areas with limited access to CD4 testing 

centers. However, there is still need for proper and thorough training of the operators. 

Lastly, this study was absolutely done in laboratory environment. Thus, there is a 

need to evaluate the Pima CD4 in field conditions particularly in remote areas. 
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CHAPTER ONE: INTRODUCTION 

1.1 Background 

The enumeration of CD4+ T-Lymphocytes in the peripheral blood is an essential tool for the 

laboratory monitoring of HIV infected patients in terms of progression of disease and for 

assessment of outcome of anti-retroviral treatment (ART). 
 
The ART programme initiated 

at this scale would require extensive back-up for counseling, laboratory investigations 

to support initiation and monitoring of ART and clinical management of adverse 

reactions. Important decisions like when to start anti-retroviral therapy or prophylaxis 

for opportunistic infections are dependent on the CD4+ T cell count estimation. 

However, in the absence of facilities for viral load assays, CD4+ T cell count 

estimation is used for monitoring anti-retroviral therapy (Kovacs and Masur, 2003). 

There is therefore need for providing reliable CD4+ T cell counts for successful HIV 

patient care and treatment programme. Although viral load testing provides the most 

accurate assessment of response to ART, its routine use is prohibitively expensive in 

resource-limited settings. For this reason, WHO supports CD4 cell count 

measurement to monitor response to ART (WHO, 2007).  The 2006 WHO guidelines 

define CD4 cell failure as persistent CD4 levels below 100 cell/mm
3
 or fall of CD4 

count to pre-therapy baseline or 50% fall from the on-treatment peak value without 

concomitant infection to cause transient CD4 cell decrease.
  

 

The primary laboratory-based method of HIV disease staging is measurement of CD4 

lymphocytes, which is the most reliable indicator of the risk for opportunistic 

infections and is used to initiate ART and opportunistic infection (OI) prophylaxis 

(WHO, 2007).  Flow cytometry, though a very commonly used method in 

determining CD4+ T-cell measurements since the beginning of HIV epidemic, is 
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expensive in terms of initial running costs and need for skilled manpower hence 

limiting its use  (Brando et al., 2000; Crowe et al., 2003). In addition, flow cytometric 

tests should be conducted in sophisticated referral laboratories and by highly trained 

medical technologists; hence is not easily employed in the resource poor settings. Due 

to the ever-increasing demand for CD4+ T-cell testing, particularly in resource-

limited countries, there is need to decentralize CD4+ test at the point-of-care to 

greatly improve access to CD4 tests. In addition, these tests should be performed in 

the simplest circumstances in the remote parts of countries with a wide range of climates by 

trained healthcare workers with limited experience in performing laboratory tests 

(Nicholson et al., 1994; Pattanapanyasat and Thakar, 2005). 

 

With FACSCaliber flow cytometry being very expensive, alternative and more 

affordable CD4 counting methods have been developed especially for use in resource-

poor settings.  These methods include improved cytometric approaches, microbead 

capture of CD4 cells followed by manual cell counting; and prototype microchip 

counting methods and recently the PIMA CD4 counting equipment, which employs 

fluorescein-tagged specific antibodies to T-helper cell markers (Landay, et al., 1993; 

Sherman, et al., 1999; Kannangai, et al., 2001; Janossy G, et al., 2002b; Rodriguez, et 

al., 2005; Bentwich, 2005; Inverness Medical Group, 2009).  Most of these assays are 

cheaper than the regular flow cytometry but suffer from decreased accuracy, precision 

and have a low throughput.  

 

Pima CD4 system is much simpler to use, is light and easily carried by the operator (mobile) 

into a clinic.  Unlike other CD4 test methods, it does not require liquid biohazardous waste 

disposal.  Pima CD4 is more affordable, technically simple, and economical in that it can use 
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either electricity or battery, and is fully automated (Inverness Medical group, 2009).  The 

performance of Pima CD4 was evaluated in South Africa in a laboratory setting 

(Glencross et al., 2010) and the results compared favorably with those of the 

reference method although they recommended assessing the tool using finger stick 

blood samples and also in the field sites using operators other than the laboratory 

technologists. A similar study on Pima CD4 machine was done in Germany and 

Uganda (UVRI) by Inverness Medical Group (2009) to establish the accuracy, clinical 

agreement and lot-lot reproducibility.  Like the South African study, the test samples 

were drawn from satellite clinics and transported to the testing sites; yet the factors 

that influence the variability of CD4 counts may include storage and transport 

temperature, time and age of samples (Peter et al., 2008).  Following the 

recommendations and gaps identified from the above studies, the current study was 

conducted in a designated hospital clinic to address accuracy, precision of CD4 counts 

using capillary finger stick and fresh venous whole blood on the Pima CD4. 

 

1.2. Problem statement 

There are increasing numbers of HIV infected individuals in Uganda; and evaluation 

for when to initiate therapy is mainly based on clinical assessment, which is often too 

late to enable them benefit from the treatment. This is due to the fact that by this time, 

the disease is fully blown. CD4 cell count which is used as a predicator of disease 

progression, is the most reliable indicator of the risk for opportunistic infections (OI), 

and therefore, used for decision to initiate ART in both adults and children (WHO, 

2006). The reference standard method for measuring CD4 lymphocytes is flow 

cytometry; and the available testing methods, such as FACSCAliber System (Becton 

Dickinson), are quite not applicable in rural settings due to the cost ($30,000 to 
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$150,000), technical and operational complexity, and the need for reliable electricity, 

and the high cost of reagents. All these factors have made these instruments 

impractical and/or difficult to sustain in resource-scarce settings.  Hence, there is 

limited access to facilities with CD4+ cell testing capacities, which is a hindrance to 

many HIV/AIDS patients from receiving appropriate care. Therefore, in resource-

limited settings, there is need for adoption of cheaper and technically simpler 

alternatives to enumerate CD4+ cells, since testing is a continuous process that 

should be repeated every 3-6 months for efficient administration of ART (Rodriguez 

et al., 2005) 

 

1.3. Justification of the study 

A dramatic increase in demand for CD4 counts especially in resource-limited settings 

(WHO, 2003) prompted an investigation for a more affordable and technically simple 

alternative to access CD4 counts. It is believed that these tests might be performed 

within either referral laboratories (for instance using FACSCAliber flow cytometry) or 

the simplest circumstances in the remote parts of countries with a wide range of climates 

(for example by using Pima CD4). An alternative to the expensive FACSCAlibur flow 

cytometry that could potentially offer solutions for CD4 testing in whole blood is the 

Pima CD4. Pima CD4 is more affordable, technically simpler and economical in that it can 

use either electricity or battery, is fully automated and thus, useful in remote areas. However, 

there is limited information regarding the performance of Pima CD4 in enumerating 

CD4+ T-cell in whole blood of HIV-positive individuals. Previous studies in the 

Ugandan setting employed test samples collected from satellite clinics and transported 

to the testing sites; hence the factors that influence the variability of CD4 counts such 
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as storage and transport temperatures; time and age of samples; may have influenced 

the outcomes.  

 

Thus, this study aimed at assessing the accuracy and precision of CD4+ T-cell counting 

using freshly collected capillary and venous whole blood samples, and establishing the 

types and frequency of errors incurred when using Pima CD4. The availability of a CD4+ 

T-cell test on capillary fingerstick blood that can be performed in the physician‟s office would 

increase the ease of CD4+ T-cell testing; reduce patient discomfort and turn around time. The 

findings from this study will go a long way in addressing the needs of manufacturers, 

policy makers and the population in rural settings at primary health centres by 

providing decentralized CD4+ test at the point-of-care.  

 

1.4. General objective 

The primary aim of the study was the evaluation of the accuracy of the CD4+ T-cell counts 

in whole blood samples using Pima™ CD4 as compared to the cell counts obtained on 

whole blood samples from the same individuals using BD FACSCalibur flow cytometer as a 

reference method 

 

1.5. Specific objectives 

1. To establish the agreement between CD4+ T-cell counts obtained by Pima 

CD4 and BD FACSCaliber using venous whole blood.   

2. To establish the difference between CD4+ T-cell counts obtained by Pima 

CD4 using capillary blood and BD FACSCaliber using venous whole blood. 

3. To demonstrate the equivalence of CD4+ T-cell counts in capillary blood 

with that in venous blood obtained by Pima CD4 equipment 
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4.  To assess the precision of T-cell counts obtained by using the Pima CD4 

test on whole blood samples. 

5. To determine the types and frequency of errors incurred by trained operators when 

using a Pima CD4. 

 

1.6. Research Questions 

1. Is there an agreement between CD4+ T-cell counts obtained by Pima CD4 and 

BD FACSCaliber using venous whole blood?  

2. Is there a significant difference in CD4+ T-cell counts in capillary blood using 

Pima CD4 with that of venous whole blood obtained by BD FACSCaliber? 

3. Is there any equivalence of CD4 T-cell counts in capillary blood with that in 

venous blood using the Pima CD4 equipment? 

4. Is the precision of the T-cell counts obtained by using the Pima CD4 test on whole 

blood samples within manufacturer‟s claims and clinically acceptable limits? 

5. What are the common types of errors and their frequency when using a Pima CD4? 
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CHAPTER TWO: LITERATURE REVIEW 

2.1. Human Immunodeficiency Virus (HIV) 

Since the first case of HIV was reported way back in early1981 (CDC, 1981), HIV 

infection has reached pandemic proportions in many countries worldwide. Statistics 

indicate a growing number of infections. For instance by the end of 2007, about 33.2 

million people were believed to be living with HIV worldwide, out of these, there 

were 2.5 million new infections and 2.1 million deaths due to HIV related illnesses 

thus full blown AIDS. As the world population grows, more people continue to get 

infected, but with the introduction of antiretroviral drugs, such people will be 

facilitated to live longer (UNAIDS/WHO 2003, 2007). The catastrophe has greatly 

impacted on both human life and the economic and health basics in countries with high 

HIV prevalence (Quinn, 2003). The HIV prevalence in Uganda is estimated to be 5.4% 

amongst adults. The number of people living with HIV is higher in urban areas 

(10.1%) than the 5.7% found in rural areas. It is also important to note that the 

prevalence is higher among women (7.5%) compared to men (5.0%) (UNAIDs, 2008) 

 

Antiretroviral therapy (ART) availability has increased considerably in sub-Saharan 

Africa, thus increasing the importance of laboratory methods, which influence 

decisions for initiating treatment and monitoring response to therapy. This is being 

initiated by both Government and non-governmental organizations who are working 

towards increasing availability and reduction in the costs of laboratory tests. The 

various organizations include, the Clinton Foundation HIV/AIDS Initiative which in 

2004 entered an agreement with companies, including Beckman Coulter (CD4 

lymphocyte count equipment manufacturer) and Roche Diagnostics (manufacturer of 

reagents for HIV viral load determination), in order to lower the laboratory test prices 
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than the current market rates in resource-limited settings (Deghaye et al., 2006). 

However, in spite of reducing the cost of diagnostics, there is more to this issue than 

meets the eye because the process stretches further to personnel, medication, and 

laboratory tests (Deghaye et al., 2006). In South Africa for example, laboratory costs 

alone comprise 50% of costs before ART and during the first month of treatment 

(Deghaye et al., 2006). Hence there is a need for lower cost assays that do not 

compromise the quality of results. In this way there would be a major impact in costs 

of HIV/AIDS patient care. 

 

HIV disease staging allows healthcare providers to ascertain which patients might 

benefit most from ART and opportunistic infection (OI) prophylaxis. The World 

Health Organization has published guidelines for initiation of ART based on clinical 

signs and CD4 lymphocyte count (WHO, 2006). Since funds for laboratory tests may 

be unavailable in resource-limited settings, HIV disease staging is often limited to a 

clinical assessment of the patient for signs and symptoms of OI. However, clinical 

expression of HIV-1 infection is often a late-stage event that can be fatal. Hence 

earlier identification of persons who are at risk for morbidity and mortality but 

without clinical signs or symptoms requires laboratory assessment (Mayanja-Kizza et 

al., 2005). Routine clinical markers lack the relevant sensitivity and hence cannot 

replace CD4 cell count and HIV viral load as indicators of successful HIV treatment 

(Bagchi et al., 2007). 

 

A number of
 
intervention strategies are in place among which include the reduction of viral 

load by efficient anti-retroviral therapy (ART), and this has been facilitated by 

governmental and non-governmental organizations who are working towards increasing 
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supply of such ART.  Increase in ART must be coupled with access to disease monitoring; 

hence the enumeration of CD4+ T-Lymphocytes in the peripheral blood serves as an 

essential tool for monitoring of HIV infected patients (Pattanapanyasat and Thakar, 2005).  

 

2.2. CD4+ T-lymphocytes 

These are a type of lymphocytes (white blood cell) that play an important role in the 

immune system by controlling the body‟s ability to recognize and fight infections and 

cancers (Norris and Rosenberg, 2002). These infections can be bacterial, fungal, viral 

or parasitic in origin. The lymphocytes also regulate the production of antibodies 

(proteins that fight infections) and cytokines (chemicals that regulate other immune 

functions) (HIV) (Hogan and Hammer, 2001). The cells are attacked by HIV virus 

which enters them, or binds to surface and reproduces immediately and the 

consequence is either cell death or the viral genome is integrated or virus remains 

dormant till the cells become active again. Much as the body attempts to produce new 

lymphocytes to replace the ones that are destroyed, the number of CD4 cells 

eventually declines as HIV disease progresses (Hogan and Hammer, 2001). This 

makes the CD4 cell count an important test for following up HIV infected patients 

because it is a laboratory marker of the strength of the immune system. It also helps to 

determine how advanced the HIV disease is and in the process predict the risk of 

complications (Peto, 1996).  

 

HIV infect cells displaying the CD4 cell surface protein but also other cells such as B-

cells, certain brain and intestinal cells but more commonly they infect macrophages 

and T-helper (TH) cells.  The infected macrophages and TH cells produce and release 

large numbers of HIV particles which in turn infect other cells that display CD4 
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proteins.  Infection normally occurs first in macrophages, which are the antigen 

presenting cells (APC) that have a low level of CD4 proteins on their surfaces.  The 

macrophage CD4 molecule binds to the glycoprotein gp120 protein of HIV, which 

then interacts with another macrophage protein, the membrane spanning chemokine 

receptor (CCR5), which acts as a co-receptor for HIV and together with CD4 they 

form the docking site where HIV envelope fuses with the host cell membrane, 

allowing insertion of the viral nucleoprotein.  Individuals who express a variant of 

CCR5 protein do not bind HIV and do not acquire HIV infection or AIDS.  After 

infecting the macrophage APCs, a different form of gp120 is made, which in turn 

binds to a different co-receptor, the CXCR4 chemokine receptor, on T cells.  HIV 

then enters and destroys the CD4 TH (Th1 and Th2 cells) responsible for cell mediated 

inflammatory response and B-cell helper respectively.  This results in systemic 

destruction of macrophages and T-cells leading to breakdown of immunity. The 

infected T-cells process HIV antigens and insert molecules of gp120 from HIV 

particles into their cell surface and this facilitates aggregation of uninfected cells to 

the infected ones and fusion land hence producing multinucleate giant cells or 

syncytia.  One HIV-infected T-cell may eventually bind and fuse with up to 50 

uninfected T-cells.  The end-result of HIV infection is decline in CD4 cell numbers, 

thus opportunistic infections become established.  CD4 cells decline is concomitant 

with loss in cytokine production leading to gradual reduction in uninfected T-cells, 

eventually all other lymphocyte production is shut down and immune system is 

effectively destroyed (Crowe et al., 1987; Pugach et al., 2004). 

 

All in all, the CD4+ T-cell count and viral load are the most important marker best used 

in initiation and monitoring of ART and hence a measure of the effectiveness of treatment 
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in clinical evaluations (Pattanapanyasat and Thakar, 2005). Guidelines have therefore 

been developed to address the quality control of CD4+ testing in persons with HIV 

infection (Rachlis and Zarowny, 1998). 

 

2.3.    HIV/AIDS clinical staging  

The different stages of HIV infection can generally be broken down into four distinct 

stages: Clinical stage 1 (clinically asymptomatic stage), Clinical stage 2 (mild disease) 

Clinical stage 3 (moderate disease) and Clinical stage 4 (progression from HIV to 

AIDS). Guidelines on clinical staging of HIV-associated disease to be used in patients 

with confirmed HIV infection were designed by World Health Organization (WHO, 

2006, 2007) 

 

Clinical stage 1 is clinically asymptomatic stage and, as its name suggests, is free 

from major symptoms. The patient carries a disease or infection but experiences no 

symptoms. The level of HIV in the peripheral blood drops to very low levels but 

people remain infectious. A condition might be asymptomatic if it fails to show the 

noticeable symptoms with which it is usually associated. Asymptomatic infections are 

also called subclinical infections. In this stage there may also be swollen glands or 

persistent generalized lymphadenopathy (PGL). This however, over time culminates 

in stage two.  

 

Clinical stage 2 of HIV infection is often characterized by multi-system disease and 

infections can occur in almost all body systems. There is unexplained weight loss 

(<10% of presumed or measured body weight); and continually suffers from 

persistent respiratory tract infections (such as sinusitis, bronchitis, otitis media, 
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pharyngitis) and oral ulcerations. At this stage as the immune system fails, herpes 

zoster, papular pruritis eruptions, angular cheilitis, seborrhoeic dermatitis and fungal 

finger nail infections set in. Initially many of the symptoms are mild, but as the 

immune system deteriorates the symptoms worsen. 

 

Clinical stage 3 (moderate disease) sets in as the immune system continues to be 

weakened by HIV and at this stage moderate opportunistic infections and cancers that 

the defence system would normally prevent emerge. Signs and symptoms become 

more prominent. The symptoms described as mild in stage two gets more severe. Here 

unexplained malnutrition not adequately responding to standard therapy and 

unexplained severe weight loss (>10% of presumed or measured body weight) are 

more severe. Sicknesses such as diarrhea are more prominent and tend to last longer 

than expected. Other conditions where a presumptive diagnosis can be made on the 

basis of clinical signs or simple investigations include: unexplained persistent fever 

(above 37.5°C, intermittent or constant, for longer than one month), persistent oral 

candidiasis, oral hairy leukoplakia (OHL), and pulmonary tuberculosis. Clinical stage 

three is also characterized by severe bacterial infections (such as pneumonia, 

empyema, pyomyositis, bone or joint infection, meningitis, bacteraemia), acute 

necrotizing ulcerative stomatitis, gingivitis or periodontitis and unexplained anaemia 

(<8 g/dl), neutropenia (<0.5 × 109 /litre) or chronic thrombocytopenia (<50 × 10
9
 

/litre). 

 

Clinical stage 4 (severe disease) occurs when  the immune system becomes more and 

more damaged; the illnesses that occur become more and more severe leading 
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eventually to an AIDS diagnosis. The features that were recurring in clinical stages 1, 

2 and 3 become almost permanent wasting away the victim. This is simply called HIV 

wasting syndrome coupled with Pneumocystis jirovecii (formerly Pneumocystis 

carinii) pneumonia (PCP) and recurrent severe bacterial pneumonia. There is also 

chronic herpes simplex infection (orolabial, genital or anorectal, which last more than 

one month), oesophageal candidiasis (or candidiasis of the trachea, bronchi or lungs) 

which break down the respiratory system accelerating extrapulmonary TB (EPTB). 

Patients with HIV may also develop one or more of the following: Kaposi sarcoma, 

cytomegalovirus (CMV) infection (retinitis or infection of other organs), 

toxoplasmosis of the central nervous system (CNS), extrapulmonary cryptococcosis 

including meningitis, disseminated non-tuberculous mycobacterial infection, 

progressive multifocal leukoencephalopathy (PML), Penicilliosis, chronic 

cryptosporidiosis and isosporiasis, disseminated mycosis (extrapulmonary 

histoplasmosis, coccidiodomycosis); recurrent septicaemia (including those due to 

non-typhoidal Salmonella), lymphoma (cerebral or B-cell, non-Hodgkin), invasive 

cervical carcinoma, atypical disseminated leishmaniasis, symptomatic HIV-associated 

nephropathy or HIV-associated, and cardiomyopathy 

 

2.4. CD4 T lymphocytes counts in pediatric population 

In countries with a high seroprevalence of human
 
immunodeficiency virus type 1 

(HIV-1), infection contributes
 
significantly to infant mortality. Infants with human 

immunodeficiency virus type 1 (HIV-1) infection
 
have much higher rates of disease 

progression and mortality than
 
older children. Infants less than 18 months of age have 

higher total lymphocyte counts and absolute CD4 T lymphocytes counts than those in 

the adult population. Hence percentage levels of CD4 are the preferred measurement 
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in children less than five years old, as it varies less in them than in older children. 

After five years of age, either CD4 % or absolute CD4 count can be used but the latter 

is preferred. The total leucocyte count (TLC) is an option that is used only if CD4 

measurement is not available in children with HIV/AIDS clinical stage 2 disease. The 

TLC cannot be used in asymptomatic children and is also not useful for monitoring 

ART (WHO, 2007).  

 

Whereas early initiation of antiretroviral
 
therapy may be appropriate for infants, 

continuing treatment
 
for life is problematic, given the limitations of the available

 

drugs, that is, the long-term toxicity of antiretroviral therapy; adherence
 
issues; the 

risk of resistance to antiretroviral therapy; and
 
limited resources. Major challenges in 

delivering treatment include the lack of paediatric ARV formulations that can be 

dosed in small children and limited studies examining safety and efficacy for those 

that are available. In contrast to adult studies, paediatric studies often enroll smaller 

numbers of patients, which limits the interpretation of the available data. HIV-positive 

children continue to be „therapeutic orphans‟ and paediatric ARVs that are safe, 

tolerable, efficacious and simple to use are urgently needed in resource-limited 

settings (ITPC, 2007). Another challenge is that most serological methods used to 

diagnose HIV are not reliable for children under 18 months. Confirmation by 

virological tests is needed but these tests are expensive, need sophisticated laboratory 

facilities and thus are not readily available (Ekpini and Gilks, 2005; WHO, 2006, 

2007; Bowen et al., 2008). 
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2. 5    CD4 T-lymphocytes counts in pregnant women 

In sub-Saharan Africa, 14 million women of childbearing age are living with 

HIV/AIDS, and the risk of mother-to-child transmission (MTCT) of HIV during 

pregnancy, delivery or breastfeeding is 15-45% (WHO, 2004a). Antiretroviral drugs 

play an important part in the interventions aimed at reducing the risk of HIV MTCT. 

At present, the type and number of antiretroviral drugs needed, together with the 

foreseeable antiretroviral treatment duration partly depend on the mother's CD4 cell 

count (WHO, 2004a). The risk of MTCT rises with the increasing 

immunosuppression of the mother, and whether a pregnant woman meets the criteria 

for receiving highly active antiretroviral therapy (HAART) largely depends on her 

immunological status (Leroy et al., 2002; WHO, 2004a).  

 

CD4 counts have been reported to be lower in pregnant  than in non-pregnant women 

in HIV-positive population (Burns et al., 1996; Danisman et al., 2001) as well as in 

HIV-negative ones (Bisalinkumi et al., 1992; Dayama et al., 2003; Aina et al., 2005; 

Chama et al., 2009). Both laboratory and clinical studies have shown that Pregnancy 

is associated with altered immunity which could enhance the immunosuppression 

associated with HIV infection (Sridama et al., 1982; Weinberg, 1984; Biedermann et 

al., 1995; Hocke et al., 1995). Early reports on pregnancy in HIV-infected women 

seemed to support the hypothesis that it accelerates disease progression. However, 

these studies involved small numbers of women and lacked control groups or the 

ability to adjust for other factors known to influence disease progression, such as 

disease stage or time of HIV exposure (Scott et al., 1985; Koonin et al., 1989; 

Lindgren et al., 1991). Further, several studies suggest that pregnancy does not 

necessarily accelerate the normal rate of decline in CD4 count in HIV+ women 
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(Nightingale et al., 1992; Newell et al., 1997) or increase the risk of HIV disease 

progression (Miotti et al., 1992; Brettle et al., 1995; Hocke et al., 1995; Temmerman 

et al., 1995; Bessinger et al., 1998; Burns et al., 1998; Weisser et al., 1998; 

Deschamps et al., 2000; Saada et al., 2000). The decreasing incidence of pregnancy 

and by decreasing CD4 cell counts has two consequences. First, in terms of 

projections of the need for prevention of MTCT interventions and other HIV care for 

pregnant women and their children, acknowledging the fact that WHO experts now 

recommend specific antiretroviral regimens according to different clinical situations. 

Secondly, in terms of strategies for scaling-up HIV care (WHO, 2004a). If women 

with advanced immunosuppression are less likely to become pregnant, then women 

who need HAART and their families will be less likely to be recruited into prenatal 

care facilities than those who do not need HAART. 

 

2.6. CD4 count and CD4 percentage in HIV-infected people 

The absolute CD4 count is a measurement of the number of functional CD4 T-cells 

circulating in the blood. The absolute CD4 count is measured by a simple blood test 

and is reported as the number of CD4 cells per cubic millimeter of blood. HIV-

negative people typically have absolute CD4 counts between 600 and 1200 cells per 

cubic millimeter; while HIV-infected persons have counts that are typically less than 

500, and people with AIDS can have 200 CD4 cells per cubic millimeter or less. 

Hence, the lower the absolute CD4 count, the weaker the immune system.  

 

The absolute CD4 cell count is used routinely in the evaluation and monitoring of 

HIV-infected people (CDC, 1989); forming a basis in developing eligibility for trials 

of new anti-retroviral therapies and as an endpoint measure of drug efficiency. The 
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absolute CD4 count is calculated from both the total and differential white blood cells 

count. Variability in the CD4 measurement may occur as the result of laboratory test 

error as well as intrapersonal temporal fluctuations due to biological factors such as 

diurnal variation, stress and infections (Malone et al., 1990). Since certain 

management decisions such as initiation of prophylaxis against Pneumocystis carinii 

pneumonia (PCP), may be based on a single CD4 count, CD4 measurement error may 

have important clinical consequences. Hoover et al. (1992) have demonstrated a high 

probability of patients reported to have lower than the true CD4 cell count as a result 

of CD4 measurement error, unless confirmatory tests are done, and both these test 

results are below the threshold limit.  In contrast, the CD4% which is measured 

directly on a flow cytometer is much less variable (Taylor et al., 1989; Malone et al., 

1990; Hoover et al., 1992) with coefficient of variability of 6-24% compared with 19-

40% for the absolute CD4 cell count (Giorgi et al., 1990).  

 

Several studies have also shown that the CD4% (or the rate of change in CD4%) is a 

better predictor of clinical progression (Taylor et al., 1989; Burcham et al., 1991). It 

has therefore been suggested that the CD4% rather than the absolute cell number 

should be used for patient monitoring. A further advantage of using CD4% is 

financial, since it requires only the flow cytometer results not the white blood cell 

count and differential (Yu et al., 1997). An important prerequisite to the more 

widespread adoption of CD4 measurements into clinical practice and research is a 

demonstration of statistical relationship between the absolute CD4 count and CD4 

percentage. And also the influence on the relationships of important demographic and 

clinical factors, such as gender, risk group, on AIDS diagnosis and use of PCP 

prophylaxis (Yu et al., 1997). 
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2.7. Factors that influence a CD4 cell count 

Factors which affect CD4+ T lymphocyte counts are associated with a variety of 

conditions including many viral, fungal, parasitic and bacterial infection, burns, 

trauma, intravenous injections of foreign proteins, malnutrition, over-exercising, 

pregnancy, corticosteroid use, time of day variation, fatigue, smoking, psychological 

stress and social isolation. Cancer chemotherapy can dramatically lower the CD4 

count. The low CD4 counts caused by some of these conditions often fall below 200 

cells/mm
3
, which is the level considered to be a marker of the progression of HIV 

infection and AIDS, and have been called the "hallmark" of HIV infection (Balter, 

1997). Infections can have a large impact on CD4 cell counts. When the body fights 

an infection, the number of white blood cells (lymphocytes) goes up including the 

CD4 cells. Acute illnesses such as pneumonia, influenza or herpes simplex virus 

infection can cause the CD4 count to decline temporarily. Other infections include 

acute pyelonephritis, abscesses, infected wounds, cellulitis, deep tissue infections, and 

sepsis (Williams et al., 1983). Tuberculosis is a relatively common infection in people 

diagnosed HIV-positive, especially when compared to the general population. It is 

also relatively common in other people who are immunosuppressed, such as 

alcoholics, the homeless, intravenous drug users (IVDUs), and people who suffer 

from malnutrition (Beck et al., 1985). Likewise vaccinations can cause the same 

effects. It is best to wait a couple of weeks after the recovery from an infection or 

vaccination before a CD4 test is done. 

 

Several studies over the years have looked at the effects of severe injuries or burns on 

CD4 counts. They found that the severity of the burns was directly correlated with 

depressed CD4 percentages. Patients with greater than 25% of their body covered 
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with 3
rd

 degree burns had the lowest percentages on admission (Antonacci et al. 

1982). As for low CD4 in normal human pregnancy, there are reduced CD4 

percentages in the 1
st
 and 2

nd
 trimester, as well as reduced CD4/CD8 ratios in the 2

nd
 

trimester (Castilla et al. 1989). 

 

The daily or diurnal variation in CD4 is in such a way that the count tends to be lower 

in the morning and higher in the evening This is because of daily fluctuations of 

cortisol, where the minimum CD4 levels occur between 8:00 and 10:00 a.m and 

maximum occur at around 10:00 p.m. Cortisol has a daily variation with maximum at 

about 8:00 a.m and yet cortisol causes low CD4 and total T-lymphocyte counts 

(Malone et al., 1990).  It is therefore best to have blood drawn at the same time of day 

for each CD4 cell test, and to use the same laboratory.  

 

Malnutrition causes severe immunodeficiency with depletion of CD4+ T-cells and 

reduction of cell mediated immunity. Reduced CD4 counts were a natural 

physiological effect of malnutrition; and both HIV and malnutrition lead to a state of 

anergy with failure of cell-mediated immunity (Hegde et al. 1999).  

 

Several researches have reported CD4 counts to be influenced by gender and being 

higher in women than men. Gender-associated viral load differences are more likely 

to be associated with inherent biological differences in men and women and could be 

due to diurnal variation (Bofill et al. 1992; Grinszte et al., 2008). Further, sex 

hormone effect could be the possible explanation for the observed gender difference 

in CD4 counts, as the circulating lymphocytes have receptors for androgens and 

oestrogens (Grossman, 1985). However, according to Smith et al. (2004), sex, risk 
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group, age, and HAART regimen were not associated with increases in CD4 cell 

counts.  

 

2.8. CD4 count in resource limited settings 

The CD4 count is a very important test in the management of patients with 

HIV/AIDS. There is a lot of effort in progress to increase access to antiretroviral
 

treatment for HIV-positive patients in developing countries.
 

However, essential 

laboratory tests such as the measurement
 
of CD4 T lymphocytes in the peripheral 

blood remain expensive
 
to carry out. It is no surprise that CD4 counts cannot be 

widely applied in resource- poor settings and hence the limited use of ART in these 

countries. Much as there are a number of campaigns to fight HIV/AIDS such as those 

instituted by WHO and Global Fund, they cannot be successful without monitoring of 

CD4 count, which is limited by facilities in resource limited areas. Following the 

increase in the number of people living with HIV to an alarming 35millions 

worldwide, there is massive effort to enable at least three millions of them to access 

life-saving antiretroviral treatment. This calls for simple and affordable methods to 

measure and monitor the infection using absolute CD4 counts (Bentwich, 2005). In 

patients with HIV infection, CD4 counts are essential for determining the clinical 

staging HIV-infected patients, determining their need for antiretroviral medications, 

monitoring the course of their infection, for evaluating the treatment outcome and 

changing treatment when and if necessary (Department of Health and Human 

Services, 2005). The CD4 count, which is expressed in adults as the absolute number 

of CD4 cells per microliter  of blood, and in children as a percentage of total 

lymphocytes or total T lymphocytes; has enormous prognostic and therapeutic 

implications, and forms the basis for most HIV treatment decisions (O'Brien et al., 
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1996, O'Brien et al 1997; Mellors et al., 1997).  

 

2.9.   CD4 counting methods for HIV monitoring 

More than 35 million HIV-infected people live in developing countries with 

significant resource limitations. Although six million people living in developing 

countries are in urgent need of antiretroviral therapy, only 700,000 currently receive 

effective treatment (WHO, 2004b). Global treatment efforts, including the World 

Health Organization's “3 by 5” Initiative, aim at extending therapy to several million 

people over the next few years (WHO, 2004c). While the cost of antiretroviral 

medications has dropped considerably, other obstacles, including the cost, technical, 

and operational requirements of CD4 counts, viral loads, and other sophisticated 

diagnostic tests used to initiate and monitor HIV treatment, remain to be addressed 

(Rodriguez et al., 2005).  Several technologies for determining the absolute number of 

CD4 T-lymphocytes have been developed and evaluated in multicentric studies 

(WHO, 2007). The technologies are either flow cytometric or non-flow cytometric. 

The choice of the methods depends upon multiple factors including cost of the 

machine and the reagents, technical and operational know-how, among others 

(Janossy and Jani, 2000; Rodriguez et al., 2005).   

 

2.9.1. Flow cytometers 

Flow cytometry is a technology that simultaneously measures certain cell parameters 

as the cells flow in a fluid stream and in single file past an analytical laser light 

source. It is utilized in the laboratory for measurement of CD4 counts in the 

evaluation and follow-up of immune deficiency (Villas, 1998). Immunofluorescence 

analysis by flow cytometry is the reference standard for CD4 T lymphocytes 
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measurements and also the method of choice if a large throughput of samples is 

required (Zijenah et al., 2006). The flow cytometric assays work on the principle of 

scattering of light due to different sizes, granularity or internal complexity of the cells 

passing thorough the laser beam. And also by the relative fluorescence intensity 

emitted by the cells after staining with the specific monoclonal antibodies to cell 

surface markers such as CD3, CD4, and CD8 that are tagged with different 

fluorescence dyes is measured. The population of cells of interest can be thus 

identified and gated for further analysis within. The monoclonal antibodies 

specifically bind different surface receptors like CD4 for T helper cells (WHO 2007). 

Several factors including the cost of a flow cytometer (USD $30,000 to $150,000), 

not being available in the remote area, technical and operational complexity, the need 

for reliable electricity, and the high cost of reagents have made these instruments 

impractical and/or difficult to sustain in resource-scarce settings (Rodriguez et al., 

2005). It seems not a proper technique for CD4 count in the developing countries such 

as Uganda. The urgent need for affordable and technically simple CD4 diagnostics is 

widely recognized (Sherman et al., 1999; Bartholomew, 2001; Huff, 2001; Glencross 

et al., 2002a). 

 

Several efforts have been made to develop alternative, affordable CD4 counting 

methods for resource-poor settings. Single-purpose flow cytometers have been 

designed solely for counting CD4 cells, such as the Becton Dickinson FACSCount, 

the Partec CyFlow, and desktop instruments from Guava and PointCare Technologies 

(Rodriguez et al., 2005). Although these newer versions make flow cytometry more 

affordable in some settings, reagent costs remain high, and the instruments remain 

expensive and in most cases, technically complex (Sherman et al., 1999; 
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Bartholomew, 2001; Huff, 2001; Kannangai et al. 2001; Glencross et al., 2002a, 

Glencross et al., 2002b; Janossy et al., 2002a, Janossy et al., 2002b). Low-cost 

microbead separation of CD4 cells from other blood cells, followed by standard 

manual cell counting techniques using a light microscope, offers significantly lower 

reagent costs than flow cytometry. These methods, however, have low throughput, are 

extremely labor intensive, and appear to be less accurate than traditional flow 

cytometry; thus, they have not been widely adopted (Landay et al., 1993; Lyamuya et 

al., 1996; Diagbouga et al., 1999; Kannangai et al. 2000, 2001; Didier et al., 2001).  

 

2.9.2. Pima CD4 

The Pima CD4 is an automated immune hematology system which comprises of a 

disposable Pima test cartridge and a Pima analyzer which enables the determination of 

absolute counts of T-helper cells in whole blood. The disposable Pima test cartridge 

contains dried reagents needed to perform the test. The reagents include two different 

fluorescent dyes. One antibody is a mouse anti-human CD3 monoclonal antibody 

conjugated to phycoerythrin (PE)-Cy5. The second antibody is a mouse anti-human CD4 

monoclonal antibody conjugated to Pycoerythrin PE). For example a group of 

ycobiliproteins can also be used to label antibodies for studying cell surface antigens. 

Its strong visible absorption band excites efficiently over a fairly wide range of 

wavelength from 440 nm to 580 nm with its emission maximum at 575 nm. On 

excitation E, emits orange fluorescence. The Pima analyser is a portable bench-top 

fixed volume cytometer used for the processing and analysis of the sample in a Pima 

test cartridge. The equipment consists of the Pima nalyser display screen, a key pad, 

2x USB ports, cartridge slot door, power on/off and power connector ports where the 

transformer is connected at the back of the analyzer. The Pima analyzer is equipped 
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with miniaturized low-cost multi color fluorescence imaging optics. Fluorescence signals 

are detected by a charge coupled device (CCD) board camera and analyzed using 

appropriate software algorithms on board and embedded computer (WIC, 2009). 

 

A low sample volume of approximately 25 microliter (µL) capillary or venous whole 

blood is collected into the test cartridge, equipped with means to take up 5 microliters 

(µl) of sample and which is then capped. The Pima test cartridge is inserted into the 

Analyser and the sample sealed within the cartridge is processed. The test is performed 

in its entirety within the confinement of the cartridge and no part of the analyzer has at any 

time contact to the sample. This minimizes the risk of analyzer contamination and sample 

carry-over between measurements. After insertion of the test cartridge in the analyzer 

peristaltic movement first transports the sample into the incubation compartment where 

the sample interacts with the specific antibodies fluorescent-labeled T-helper cells with 

two different fluorescent dyes. After the incubation time the stained sample is transferred 

into the separate reading compartment of the cartridge. The Pima analyzer is equipped 

with miniaturized low-cost multi-color fluorescence imaging optics. Fluorescence signals 

are detected by a Charge Coupled Device board camera and analyzed using 

proprietary software algorithms on board an embedded computer. T-helper cells carry both 

CD3 and CD4 surface antigens and therefore emit light at wave lengths specific for both 

conjugates, PE and PE-Cy5. This allows the specific differentiation of T-helper cells from 

other blood cell types carrying only one of the two surface antigens. During the course of 

processing the test, data is recorded, analysed and interpreted using software 

embedded within the analyser. Upon completion of the test the cartridge is removed 

from the analyser and a test result in cells/µl is displayed. Results are also stored in an 

on-board archive. 
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The Pima CD4 cartridge is a unique and breakthrough technology in the enumeration 

of T-helper cells in whole blood samples. Designed equally to suit the needs of the 

healthcare professional in the field or in the laboratory environment the Pima analyzer 

is a more affordable, effective and valuable point-of-care diagnostic tool. It is intended 

to be used for the ongoing monitoring of HIV infected patients for the progression of 

disease and for the assessment of outcome of anti-retroviral treatment (Inverness Medical 

2009) 

 

The increasing demand for CD4+ T-cell testing, especially in resource-limited 

countries, means that these tests may be performed within most referral laboratory 

setting as well as in the simplest circumstances in the remote parts of countries with a wide 

range of climates (Nicholson et al., 1994; Pattanapanyasat and Thakar, 2005). The tests 

may be performed by highly trained specialists or by healthcare workers with limited 

training in performing laboratory tests. Whatever the circumstances, these tests must 

exhibit the highest standards of performance and Pima CD4 equipment is designed to 

meet these needs (WIC, 2009). 

 

2.10.   Evaluating test assay precision  

Precision is defined as the closeness of agreement between independent results of 

measurements obtained under stipulated conditions it is solely related to the random 

error of measurements and has no relation to trueness/accuracy (Linnet and Boyd, 

2006). There are various terminologies associated with evaluation of test assay 

precision and these include: repeatability and reproducibility. Repeatability, also 

known as within-run precision, is defined as the closeness of agreement between 

results of successive measurements obtained under identical conditions. 
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Reproducibility the total or within laboratory precision refers to the closeness of 

agreement between results of successive measurements obtained under different 

conditions (time, operators, calibrators, reagents, and laboratory). While the term 

precision relates to the concept of variation around a central value, imprecision is 

actually what is measured (Chester, 2008).  

 

Test assay precision is a quantitative measure (usually expressed as standard 

deviation, coefficient of variation) of the random variation between a series of 

measurements from multiple sampling of the same homogenous sample under the 

prescribed conditions. For a normal distribution, the measure of imprecision is the 

standard deviation (SD). The precision of a method should be tested at at-least two 

levels; each run in duplicate, with two runs per day over 20 days (CLSI 2004). The 

EP05-A2 protocol recommends that the assessment is performed on at least two 

levels, as precision can differ over the analytical range of an assay. One quality 

control (QC) sample should be at least included in each assay and the QC material 

used for the precision assessment should be different to that used to control the run. 

For purposes of this study Stabilized whole-blood samples from two CD-Check plus
 

CD4 Low and normal (Streck, Omaha, NE) were used as control materials.  

 

2.11. Cell gating 

Cell gating is the identification of groups of similar cells of interest. Gating of data 

can be defined through a gate, which is a numerical or graphical boundary that can be 

used to define the characteristics of particles to include for further analysis (Appendix 

I).  For example, in a blood sample containing a mixed population of cells, one might 

want to restrict the analysis to only the lymphocytes. The gate or region of cell 
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populations is often made difficult by variable numbers, size, shape, and location of 

both target and non-target cell populations. This variability may be due to debris 

arising from problems with sample handling or reagents, or may be due to changes in 

cell populations arising from disease or specific genetic differences.  In flow 

cytometry, different cell types are usually selected or “gated” by a series of 1- or 2-

dimensional geometric subsets of the measurements made on each cell. Each member 

of the sample corresponds to the physical properties of a biological cell - known as 

forward scatter (FSC) and side scatter (SSC) and antibody binding activity, through 

fluorescence intensity measurements (Gosink et al., 2009).  Gating is an integral 

component of the analysis of large flow cytometry data sets (Naumann et al., 2010). 

There a number of different cell gating and these include T cell gating and, 

Panleucogating. 

 

There are various T lymphocyte gating strategies based on the CD markers carried on 

the different cells. The CD3+ T cell employs the CD3-specific monoclonal antibodies 

and the number of CD4+ CD3+ T cells can be estimated once all CD3+ T cells are 

gated. A CD45 gating is a more reliable method for assessing lymphocyte gate purity 

and lymphoid cell recovery on the basis of differential CD45 marker density 

expression has been developed. This method uses two markers; CD45 and CD14 

(CD45 is a pan-leukocyte marker expressed at different intensities on leukocytes 

(granulocytes CD45+; Cytotoxic CD45++; lymphocytes CD45+++ or more while the 

CD14 marker is selectively expressed by monocytes). This CD45+++/CD14- 

backgating can gate all lymphocytes in the acquired events and maximize their purity 

by excluding unwanted non-lymphocytes (WHO 2007) The advantages of CD45 

gating include easy differentiation of lymphocytes even in the presence of a large 
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amount of debris, thus, the lysed sample can be acquired without an intermittent 

washing step (lyse/no-wash staining).  Additionally, there is no need to use the 

isotype control thus saving the cost of the reagents. However, the use of CD45/CD14 

gating strategy is not being used clinically; as it has been replaced by a modified one, 

known as Panleucogating (PLG) that uses CD45 and side scatter for gating. 

Panleucogating is a two-colour strategy that uses total leucocytes as the common 

denominator, in which total leucocytes are identified and gated by their side scatter 

and CD45+ characteristics. After staining with CD45 FITC and CD4-PE, leucocytes 

and lymphocytes are identified and gated by drawing two regions: one around all 

leucocytes and the other set on all bright CD45+ cells with low SSC. Lymphocytes 

gated in this region are further analyzed for CD4 T lymphocytes by using SSC against 

CD4 T lymphocytes with other fluorochrome. The CD4 T lymphocytes are easily 

distinguished from non-CD4+T-cells and %CD4 is then obtained as a percentage of 

total lymphocytes. The same analysis protocol can also be applied to CD8+ T-cells 

using CD45/CD8 (WHO 2007). This CD45-assisted Panleucogating technique is now 

widely accepted, since it is a simple, better, and cost-effective CD4 testing that is 

suitable in the resource-poor areas of the world. This approach can be used to test 

samples up to five days after collection (Glencross et al., 2002b). 

 

The most important types of gating are: Bivariate cell-type gating, which is the 

identification of lymphocytes from scatter plots of forward-scatter versus side-scatter 

measurements; and Univariate fluorescence-channel gating which is the identification 

of cells that recognize a particular antibody. However, there is no cogent reason for 

restriction of gating to one- and two- dimensional projections of flow cytometry point 

clouds (Roederer and Hardy, 2001). 
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Data visualization and analysis often raises questions pertaining to the gating of cell 

populations. While manual gating is relatively robust to unanticipated cell population 

distributions, it suffers from the potential for operator bias and it is labor-intensive. In 

fact all gating methods have their drawbacks in particular cases, and tools and 

procedures are needed for evaluation of the results of the gating process (Gosink et 

al., 2009; Pynea et al., 2009). A critical bottleneck in data analysis is gating, the 

identification of groups of similar cells for further study. The process involves 

identification of regions in multivariate space containing homogeneous cell 

populations of interest. Generally, gating has been performed manually by expert 

users, but manual gating is subject to user variability, which can potentially impact 

results (Gratama et al., 2002; Van Blerk et al., 2003, Satoh et al., 2008). However, a 

number of methods have been developed to automate the gating process (Roederer 

and Hardy, 2001; Achuthanandam et al., 2008; Boedigheimer and Ferbas, 2008; Lo et 

al., 2008). These include model-based methods such as multivariate mixture models 

that describe the joint density of the flow cytometry data as a mixture of simpler 

distributions (Boedigheimer and Ferbas, 2008; Lo et al., 2008). The simplest of these 

methods utilizes a mixture of multivariate Gaussian distributions (Boedigheimer and 

Ferbas, 2008). However it is not sufficiently flexible to model the outliers or 

asymmetrical cell populations frequently found in flow cytometry data (Lo et al., 

2008). A more recent approach compensates for these effects by applying a data 

transformation during the model fitting process (Sugar and James, 2003; Lo et al., 

2008). This transformation makes data more symmetric, while the use of a 

multivariate distribution allows the model to handle outliers (McLachlan G, and Peel 

D, 1998; Sugar and James, 2003; Lo et al., 2008). 
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CHAPTER THREE: MATERIALS AND METHODS 

3.1.0. Study design  

This was a cross-sectional study designed to evaluate the performance of Pima CD4 

in the enumeration of CD4+ T-cells in whole blood of HIV sero-positive persons. 

Aspects of system performance validated in this study were accuracy and precision of cell 

counting using capillary and venous whole blood samples, as well as the types of errors and 

their frequency that occurred when using the Pima CD4. Prior to the beginning of the 

study, the purpose of the study and its potential risks and benefits were explained to the 

study patients (Appendix II). Patients were enrolled in the study only after giving their 

written informed consent (Appendix III). Patient demographics and brief medical history 

were then collected and recorded.  

 

3.1.1. Study site 

The study was conducted at the Infectious Diseases Institute (IDI) Limited that houses 

the IDI HIV clinic and Makerere University-Johns Hopkins University laboratory. IDI 

is located in Mulago Hospital complex in the northern part of the city of Kampala in 

Kawempe Division, Uganda and is part of Makerere University College of Health 

Sciences. HIV positive patients (called friends at IDI) are supported with a number of 

services including free antiretroviral therapy, specialist consultation and a supportive 

clinical environment. The clinic also serves as a platform for IDI‟s research and 

training activities. The out-patient clinic at IDI has enrolled over 20,000 HIV infected 

patients with more than 13,000 in active follow-up and over 9,000 on first line 

antiretroviral treatment. CD4 is one of the routine tests that are performed on the 

scheduled patients every week. Thus, majority of the patients used in this study were 

coming from all the divisions of Kampala district. 

http://en.wikipedia.org/wiki/Kampala
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3.1.2.  Sample size 

All consented patients who attended the Adult HIV clinic were recruited.  Sample size 

was calculated using the Kish and Leslie (1965) at 95% confidence interval and 

prevalence of HIV infection in adults for urban areas in Uganda was estimated to be 

10.1%.  

n = Z
2
pq/I

2
 

Z =1.96  

Where Z = Standard deviation 

            n = Sample size 

            p = Estimated prevalence = 10.1% (0.101) 

            q = 1 – p = 1 – 0.101 

            I = Allowable error 5% (0.05) 

Therefore, the minimum n = 143 samples 

In this study, two hundred and six (206) consecutive, eligible patients either initiating 

ART or on ART attending the clinic were enrolled between November 2009 and 

February 2010. This sample size was chosen to cater for eventualities such as failed 

runs, insufficient or clotted samples and missing data. Patients too were willing to 

participate in the study and reagents were readily available. In addition, a larger 

sample size leads to increased precision in estimates of various properties of the 

population. 

 

3.1.3.  Study population  

The study population included men and women 18 years of age and above, with 

confirmed serological diagnosis of HIV infection and attending the adult HIV clinic at 

Infectious Diseases Institute (IDI) for HIV/AIDS treatment. HIV patients are scheduled 
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routinely to attend the clinic everyday from Monday to Friday between 10:00am and 12:00pm. 

Patients blood samples were regularly taken at the same time of the day to ensure 

consistency in CD4 counts. 

 

3.1.4. Inclusion criteria of study participants 

The study recruited HIV infected persons attending the adult Infectious Diseases 

Institute for HIV/AIDS treatment who were at least 18 years of age. These patients 

had serologic confirmed, documented HIV infection and agreed to complete all aspects 

of the study. Participants were either initiating ART or on ART and who provided 

written, informed consent to participate in the study.  Consecutive eligible patients 

attending the adult HIV Clinic were approached for screening to join the study. Once 

a candidate for study entry was identified, study details were carefully discussed with 

the subject, who was asked to sign the approved consent form if he/she agreed to 

participate in the study. 

 

3.1.5. Exclusion criteria of study participants 

A patient was considered ineligible for the study if he/she had already participated in 

a previous study similar to this one and/or enrolled in a study to evaluate a new drug but 

was unable or unwilling to provide informed consent. Also patients were excluded if 

one had a blood draw on the same day but with hemoglobin level less than 8g/d or if a 

patient was receiving chemotherapy for a malignancy. Children were not included in 

this study because Infants and children are unable to give informed consent. Also 

there are still many challenges related to HIV diagnosis and monitoring in children 

(Ekpini and Gilks, 2005; ITPC. 2007; WHO, 2006, 2007; Bowen et al., 2008).  
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3.2.0 Study materials 

Materials needed for collecting venous blood samples and BD FASCalibur testing included: 

Vacutainers tubes with EDTA anticoagulants, vacutainer needles, cotton wool, Alcohol 

swabs, powder free exam gloves, calibrates, Lysing solution, Facsflow solution and Multi 

test reagent with Trucount tubes. Whereas materials for the Pima CD4 test included: 

Pima analyzers, Pima CD4 Test cartridges, lancets and pipettes.  

 

3.3.0 Laboratory analysis (sample collection and CD4 T-cell analysis)  

CD4 lymphocyte count was determined in duplicate on the same blood specimen on 

the same day of collection by using Pima CD4 (Inverness Medical Innovations) and 

by flow cytometry on a BD FACSCalibur flow cytometer (Becton Dickinson, Franklin 

Lakes, NJ), using the MultiTEST reagents and TruCOUNT beads, and analyzed using 

MultiSET software (Appendix IV). 

 

3.2.1. Sample collection 

For each consented patient, two capillary whole blood samples from the 3rd and 4th 

fingers of the non-dominant hand were obtained by fingerstick for immediate 

measurement of CD4+ T-cell count with the Pima CD4. A drop of blood was then 

applied directly into the end-to-end capillary attached to the Pima CD4 test cartridge 

according to the manufacturer‟s recommended procedure (Appendix V). The capillary 

was filled within 2-3 seconds and no further blood was drawn into the cartridge. 

Successful filling was visually verified via the control window on the cartridge after which 

the cartridge was removed from finger and closed with seal cap. Immediately after 

filling, the cartridge was inserted into the Pima analyzer (this step was completed within 

1 minute after filling of cartridge with blood).  
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Venipuncture was then performed on the same participant drawing 8 ml of venous 

whole blood which was transferred into two 4ml K2EDTA vacutainer tubes.  For the 

Pima CD4 cartridge, one tube of the fresh venous K2EDTA blood was gently inverted 

10-15 times to ensure proper sample mixing before withdrawing for Pima CD4 testing. 

Five microliters of each fresh venous blood was then applied onto two Pima CD4 test 

cartridge using a pipette and was immediately inserted into the Pima analyzer for testing 

(Appendix VI). 

 

3.2.2 Pima CD4 analysis 

Insertion of the Pima CD4 cartridge into the Pima analyzer automatically begins the 

testing process, providing a direct CD4 measurement within 20 minutes. Testing with 

Pima CD4 was performed within 1-4 hours of sample collection. The result of the Pima 

CD4 test was calculated automatically by the Pima analyzer. CD4+ T-cell counts were 

displayed on the analyzer screen and were also stored in the analyzer's memory. Pima CD4 

test results were printed and the Pima CD4 printout was attached to the source document.  

 

3.2.3 BD FACSCaliber flow cytometry 

In this method, TruCount, test tubes that contain a known number of brightly 

fluorescent polystyrene beads were provided by the manufacturer. Fresh whole blood 

from the K2EDTA tube for each patient was accurately pipetted into the tubes and 

mixed with fluorochrome-labeled monoclonal antibodies.  The erythrocytes were 

lysed, and this mixture was analyzed on the flow cytometer. All samples were 

processed by flow cytometry according to the laboratory standard operating procedure 

of Makerere University-Johns Hopkins Univeristy (MU-JHU) research laboratory, as a 

reference method. The majority of samples were processed within 4 hrs of blood 
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collection, and all were processed and analyzed within 8 hrs of blood collection. For 

evaluation of day-to-day variability, one reference material was measured using Pima 

CD4 and one measurement on BD FACSCalibur were performed using CD-Chex Plus 

reference materials (MediMark, Grenoble Cedex 2, France). The results were compared 

with the specified ranges for the reference material; and if they fell out of the range, the 

medical laboratory technologist troubleshot the Pima CD4 system and the reference 

material analyzed again. 

 

3.3.0. Quality Control (QC)  

To ensure quality control of the flow cytometric immunophenotyping method with 

regard to the performance of both the personnel and the instrument, the same lots of 

reagents were used throughout the study. In addition, all the immunostaining 

procedures and the flow cytometric analyses were performed by the same operator for 

each instrument. Also, the FCM photomultiplier tube voltage, sensitivity, and 

fluorescent compensation settings were optimized prior to sample acquisition and 

analysis by using Calibrite beads which are a control set of fluorochrome-integrated 

beads (BD Biosciences), and reference cartridge for the FACSCaliber and Pima CD4 

respectively. A vial of reference material at two different concentrations Low and Normal 

were run on both Pima CD4 and BD FACSCalibur as per the manufacturers‟ instructions. 

Results of reference measurements were recorded on the appropriate log sheet.  

 

3.4.0. Accuracy of CD4 counting on the Pima CD4 

The accuracy of the Pima CD4 test for enumerating CD4+ T cells was assessed by 

comparison with BD FACSCaliber (reference method) where venous and capillary 

whole blood from 206 HIV positive adult patients were collected and analyzed in 
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duplicate by both methods. The CD4 counts were compared using a paired t-test. 

Paired data was compared by linear regression, including slopes, intercepts and 

Pearson correlation coefficients. Analysis of agreement between the two methods was 

done by the Bland and Altman method (1986), which compares the difference 

between paired measurements against the mean of the two measurements. Then the 

results were presented in the form of scatter plots.   

 

3.5.0 Assessment of precision of CD4 counting 

To assess the precision of the Pima CD4 test, two fresh patient blood samples 

representing two diagnostic cutoffs (that are critical for medical use), 200 cells/µl and 

350 cells/µl concentrations were repeatedly assayed by use of 20 replicates  (CLSI 

2004) for assessment of the within-run variation of the Pima CD4. For determination 

of between-run assay variation, stabilized whole-blood samples from two CD-Chex® 

Plus
 
CD4 Low and normal (MediMark, Grenoble Cedex 2, France), a stable whole-

blood control with
 
assigned CD4 values were used. The two samples were analyzed 

by running 20 replicates for a period of twenty days on the Pima CD4 instrument. 

Within-run variation
 

and between-run variation mean; standard deviation; and 

coefficient of variation (CV) were
 
calculated to verify precision recommendations by 

the manufacturer. The CD4 measurements of the 20 replicates from patient sample 1 

and 2 for within-run assay variation and results of CD4 counts from the low and 

normal controls for between-run were plotted on a radar graph  for a quick visual 

interpretation of the relationship between the replicate results. 
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3.6.0 Types of errors and their frequencies    

When an error occurred, the test would be aborted automatically, the cartridge ejected 

and the Pima analyzer would display an error code on the screen. These errors were 

compiled by the operator by recording the number and type of each error observed on the 

Pima CD4 test. And to determine the errors and their frequencies, data on errors 

committed by operator when using Pima CD4, were analyzed using descriptive 

statistics (frequencies %).  

 

3.7.0. Ethical approval 

The study was reviewed and approved by the Infectious Diseases Institute (IDI) Clinic 

Cohort Committee and the Uganda National Council for Science and Technology 

(Appendix VII)  

 

3.8.0. Statistical analysis 

Statistical analyses were performed using SAS software (SAS Institute Inc., 2008). 

The demographic characteristics of the study population were analysed using Chi 

square. Pima CD4 test results (using venous whole blood and capillary blood) were 

compared with those obtained by BD FACSCaliber (using venous whole blood). The 

CD4 counts from Pima CD4 and BD FASCaliber were compared using a paired t-test 

(at P=0.05 level). Paired data was compared by linear regression, including slopes, 

intercepts and Pearson correlation coefficients. Analysis of agreement between the 

two methods was done by the Bland and Altman method (1986), which compares the 

difference between paired measurements against the mean of the two measurements. 

According to Bland and Altman, limits of agreement summarize lack of agreement by 

calculating bias, which is estimated by the mean difference (D) and the standard 



 38 

deviation of the differences (S). If the differences are normally distributed, then 95% 

of differences will lie between D - 1.96 × S and D + 1.96 × S. Data on errors 

committed by operator when using Pima CD4, was analyzed using descriptive 

statistics (frequencies %).  
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CHAPTER FOUR: RESULTS 

4.1. Characteristics of the study population 

The study was conducted over a period of nine months from September 2009 to May 

2010 and a total of 206 HIV-positive individuals were enrolled. Considering gender 

difference, out of the 206 HIV-infected individuals, 156 (75.7%) were females and 50 

(24.3%) were males (Table 1). Overall, the majority of the patients were in age group 

31-50 years (63.5% of females and 80.0% of males). Mean age was 34.9±0.6 and 

37.9±0.4 years for females and males respectively and age range was 18-68 years and 

20-55 years for females and males respectively (Table 1). By age range, 85.5% of the 

patients were females and 14.6% were males and were highly significantly different 

(P<0.0001) for patients aged 30 years and below. For patients in age range 31-50 

years, 71.2% were females and 28.8% were males and were highly significantly 

different (P<0.0001). For patients above 50 years of age, 83.3% were females and 

16.7% were males and were highly significantly different (P=0.0209) 

 

Table 1: Distribution of the study patients by age and gender 

Age group (years) Female N (%) Male N (%) P-value Total N (%) 

≤30 47(85.5) 8(14.5) <0.0001 55 (26.7) 

31-50 99(71.2) 40(28.8) <0.0001 139 (67.5) 

>50 10(83.3) 2(16.7) <0.0209 12 (5.8) 

Total 156 (75.7%) 50 (24.3%) <0.0001 206 (100) 

Mean Age, yrs± SD 34.9±0.6 37.9±0.4  35.6±9.7 
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4.2. CD4 counts for the various age groups of the patients by gender using  

  Pima CD4 for venous blood 

Using Pima CD4 for venous whole blood, the mean CD4 counts in age group ≤30 

years were higher in females (424.4±231.2 cells/µL) than in males (216.7±89.0 

cells/µL) and were significantly different (|tdf=62| = 2.92, P=0.049). The mean CD4 

counts in age group 31-50 years were higher in females (394.8±188.1 cells/µL) than 

in males (381.0±191.3 cells/µL) and were not significantly different (|tdf=128| = 0.38, 

P=0.7069). Further, the mean CD4 counts in age group >50 years were higher in 

females (421.4±221.7 cells/µL) than in males (265.0±4.2 cells/µL) and were 

significantly different (|tdf=10| = 2.23, P=0.0297; Fig. 1). 

Figure 1 Mean CD4 counts distribution in age groups for Pima CD4 using 

  venous blood 
 

4.3. CD4 counts in pregnant and non-pregnant female patients 

Out of the 156 female patients, 10.3% (16) were pregnant and 89.7% (140) were not 

pregnant. When using BD FASCaliber for venous whole blood, the mean CD4 counts 

were significantly lower (P=0.0007) for pregnant (258±111 cells/µL) than for the 

non-pregnant (460±283 cells/µl) women.  
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Figure 2 CD4 counts in pregnant and non-pregnant female patients by the 

  different testing instruments and blood source 

 

Similarly, the mean CD4 counts were lower for pregnant (254±120 cells/µL) than for 

the non-pregnant (424±206 cells/µL) women and were significantly different (|tdf=154| 

= 3.25, P=0.0014) when using Pima CD4 for venous whole blood. Also, the mean 

CD4 counts were lower for pregnant (228±105 cells/µL) than for the non-pregnant 

(402±185 cells/µL) women and were significantly different (|tdf=154| = 3.68, P=0.0003) 

when using Pima CD4 for capillary blood (Fig. 2; Table 2). The mean CD4 count for 

BD FASCaliber using venous blood and Pima CD4 using both venous and capillary 

blood for pregnant women were not significantly different (P=0.7202). 
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Table 2 CD4 counts in pregnant and non-pregnant female patients by the 

  different testing instruments and blood source 

 

Instrument (type of blood 

and source of blood)  

Mean CD4 counts ± SD (cells/µl) t statistic p value 

Pregnant Non pregnant   

BD FACSCaliber venous 258±111 460±283 3.48 <0.0007 

PIMA CD4 venous 254±120 424±206 3.25 <0.0014 

PIMA CD4 capillary 228±105 402±185 3.68 <0.0003 

 

4.4.1 Comparison of results using BD FACSCaliber and Pima CD4 on venous 

whole and capillary blood 

Using venous whole blood, the range of CD4 counts was 18 – 1500 and 14 - 1250 

cells/µl for BD FACSCaliber and Pima CD4 respectively. Using capillary blood, the 

range of CD4 count was 10 – 936 cells/µL. Out of the 206 venous whole blood 

samples analyzed by BD FACSCaliber, 27 (13.1%) revealed CD4 counts below 200 

cells/µL, 62 (30.1%) between 201 and 350, 53 (25.7%) between 351 and 500, 49 

(23.8%) between 501 and 750, and 15 (7.3%) above 750 cells/µL. Out of the 206 

venous whole blood samples analyzed by Pima CD4, 28 (13.6%) revealed CD4 

counts <200 cells/µL, 73 (35.4%) between 201 and 350, 51 (24.8%) between 351 and 

500, 42 (20.4%) between 501 and 750, and 12 (5.8%) above 750 cells/µL. Further, 

out of the 206 capillary blood samples analyzed by Pima CD4, 35 (17.0%) revealed 

CD4 counts <200 cells/µl, 72 (35.0%) between 201 and 350, 52 (25.2%) between 351 

and 500, 39 (18.9%) between 501 and 750, and 8 (3.9%) above 750 cells/µL (Fig. 3).  
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Figure 3 Comparison of results using BD FACSCaliber using and Pima  

  CD4 on venous and capillary blood for the various CD4 count  

  ranges 

 

The mean CD4 counts in the various CD4 count ranges for BD FACSCaliber using 

venous whole blood and Pima CD4 using venous whole and capillary blood are 

summarized in Fig 4. The mean CD4 counts were 144.8±44.8, 131.3±49.2 and 

133.3±47.9 cells/µL for BD FACSCaliber (venous whole blood) and Pima CD4  

(venous whole blood) and Pima CD4 (capillary blood) respectively and were not 

significantly different (P=0.5216) for CD4 range of ≤200 cells/µL.  

 

Figure 4 Agreement of mean CD4 counts for BD FACSCaliber using venous 

  whole  blood and Pima CD4 using venous whole and capillary  

  blood for the various CD4 count ranges 
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For CD4 range of 201-350 cells/µL, the mean CD4 counts were 285.7±42.0, 

275.8±42.1 and 276.9±41.0 cells/µL for BD FACSCaliber (venous whole blood) and 

Pima CD4 (venous whole blood) and Pima CD4 (capillary blood) respectively and 

according to Analysis of Variance (ANOVA) test, they were not significantly 

different (P=0.3362). For CD4 range of 351-500 cells/µL, the mean CD4 counts were 

415.5±41.8, 416.5±45.0 and 423.3±44.3 cells/µL for BD FACSCaliber (venous whole 

blood) and Pima CD4  (venous whole blood) and Pima CD4 (capillary blood) 

respectively and were not significantly different (P=0.6604). For CD4 range of 501-

750 cells/µL, the mean CD4 counts were 589.1±66.1, 582.2±60.9 and 590±72.4 

cells/µL for BD FACSCaliber (venous whole blood) and Pima CD4  (venous whole 

blood) and Pima CD4 (capillary blood) respectively and were not significantly 

different (P=0.8198).  For CD4 range of >750 cells/µL, the mean CD4 counts were 

959.2±199.5, 910.8±133.7 and 852.5±61.9 cells/µL for BD FACSCaliber (venous 

whole blood) and Pima CD4  (venous whole blood) and Pima CD4 (capillary blood) 

respectively and were not significantly different (P=0.3035).  The overall mean CD4 

counts were 422±220 cells/µL for BD FACSCaliber using venous blood, 391±201 

cells/µL for Pima CD4 using venous blood and 371±185 and were significantly 

different from each other (P=0.0374) (Figure 4; Table 3).  
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Table 3 Agreement of mean CD4 counts between Pima CD4 and BD  

  FACSCaliber for the CD4 ranges 

 

Range 

(cells/µl) 

BD FACSCaliber 

(venous) 

Pima CD4 (venous blood) Pima CD4 (capillary 

blood) 

 

Mean±SD 

CD4 counts 

(cells/µl) 

N Mean±SD 

CD4 counts 

(cells/µl) 

N Mean±SD 

CD4 counts 

(cells/µl) 

N P value 

≤200 145±45 27 131±49 28 133±48 35 0.5216 

201-350 286±42 62 276±42 73 277±41 72 0.3362 

351-500 417±42 53 407±45 51 423±44 52 0.6604 

501-750 589±66 49 582±61 42 591±72 39 0.8198 

>750 959±200 15 911±134 12 852±62 8 0.3035 

Overall 422±220 206 391±201  371±185  0.0374 

 

Further, the mean CD4 counts in the various age group ranges of the patients for BD 

FACSCaliber using venous whole blood and Pima CD4 using venous whole and 

capillary blood are summarized in Fig 5. The mean CD4 counts were 420.6±235.9, 

388.7±227.2 and 365.9±191.9 cells/µL for BD FACSCaliber (venous whole blood) 

and Pima CD4  (venous whole blood) and Pima CD4 (capillary blood) respectively 

and were not significantly different (P=0.3685) for patient who were 30 years and below.  

For age range 31-50 years, the mean CD4 counts were 420.7±209.0, 390.9±188.4 and 

375.0±181.6 cells/µL for BD FACSCaliber (venous whole blood) and Pima CD4  

(venous whole blood) and Pima CD4 (capillary blood) respectively and were not 

significantly different (P=0.1557). For age range >50 years, the mean CD4 counts 

were 445.1±264.2, 395.3±209.6 and 358.8±200.2 cells/µL for BD FACSCaliber 

(venous whole blood) and Pima CD4  (venous whole blood) and Pima CD4 (capillary 

blood) respectively and were not significantly different (P=0.6485).  
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Figure 5 Agreement of mean CD4 counts for BD FACSCaliber using venous 

  whole blood and Pima CD4 using venous and capillary whole  

  blood for the various age groups 

 

4.4.1. Linear regression techniques for BD FASCaliber and Pima CD4 

Linear regression analysis showed that BD FACSCaliber and Pima CD4 when using 

venous blood were highly correlated. Linear regression slope 0.8827, intercept of 

17.88 and r
2
 = 0.93 (Fig. 6) with Pearson correlation coefficient of 0.96 (P=<0.0001) 

were observed. The solid line represents regression line, Pima CD4 = 0.8827 + 17.88; 

r 
2
 = 0.93. Pearson correlation coefficient for samples below 200 cells/µl was 0.99 

(P=<0.0001).  
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Figure 6 Correlation analysis of BD FACSCaliber and Pima CD4 using  

  venous blood for CD4 cell counts (cells/µl.) 

 

Further, linear regression analysis showed BD FACSCaliber using venous blood and 

Pima CD4 using capillary blood were highly correlated. Linear regression slope 

0.7583, intercept of 51.18 and r
2
 = 0.81 (Fig. 7) with Pearson correlation coefficient 

of 0.90 (P<0.0001) were observed. The solid line represents regression line, Pima 

CD4 = 0.7583 + 51.18; r 
2
 = 0.93. Pearson correlation coefficient for samples < 200 

cells/µL was 0.83 (P<0.0001).  
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Figure 7 Correlation analysis of capillary blood using Pima CD4 with whole 

  blood obtained by BD FACSCaliber 

 

Linear regression analysis showed that both the capillary blood and venous whole 

blood measurements by Pima CD4 highly correlated. Linear regression slope 1.01, 

intercept of 15.42 and r
2
 = 0.86 (Fig.8) with Pearson correlation coefficient of 0.93 

(P<0.0001). The solid line represents regression line, Pima CD4 = 1.01 + 15.42; r 
2
 = 

0.93. Pearson correlation for CD4 counts below 200 cells/µl was 0.92 (P<0.0001).  
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Figure 8 Correlation analysis of Pima CD4 using capillary and venous  

  whole blood  

 

4.4.2. Bland-Altman techniques for BD FASCaliber and Pima CD4 

According to Bland and Altman, limits of agreement summarize lack of agreement by 

calculating bias, which is estimated by the mean difference (D) and the standard 

deviation of the differences (S). If the differences are normally distributed, then 95% 

of differences will lie between D - 1.96 × S and D + 1.96 × S. Bland-Altman analysis 

showed a bias of -31.6 CD4 cells/µL, (95% CI -39.7, +31.3) between Pima CD4 and 

BD FACSCaliber machines. The 95% limits of agreement were -146 CD4 cells/µL 

(95% CI -160, -132.5) and 83.0 (95% CI +69.2, +96.7) (Fig. 9). The pairwise 

comparison of accuracy by Bland-Altman analysis shows that the machines were 

different (|tdf=205| = 7.77, P<0.0001).  
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Figure 9 Bland-Altman plot comparing the mean and the difference  

  between standard BD FACSCaliber and Pima CD4 cell counts  

  using venous whole blood     

 

Bland-Altman analysis showed a bias of -50.6 CD4 cells/µL (95% CI -64.0, -37.7) 

between Pima CD4 and BD FACSCaliber machines. The 95% limits of agreement 

were -248.7 CD4 cells/µL (95% CI -261.2, -216.1) and 137.0 (95% CI +114.5, 

+159.6) (Fig.10). The pairwise comparison by Bland-Altman analysis shows that the 

machines were different (|tdf=205| = 7.61, P<0.0001).  

 



 51 

Difference Plot

-900

-700

-500

-300

-100

100

0 200 400 600 800 1000 1200 1400 1600

Mean of CD4 counts Pima CD4 and BD FACSCaliber (cells/µl)

D
if

fe
re

n
c

e
 (

C
D

4
 c

o
u

n
ts

  
P

im
a

 C
D

4
 (

c
e

ll
s

/µ
l)

  
- 

C
D

4
 c

o
u

n
ts

  

B
D

 F
A

C
S

C
a

li
b

e
r 

(c
e

ll
s

/µ
l)

 )

Identity

Bias (-50.8)

95% Limits of agreement

(-238.7 to 137.0)

Figure 10 Bland-Altman plot comparing the mean and the difference of  

  capillary blood using Pima CD4 with whole blood obtained by BD 

  FACSCaliber  

 

Bland-Altman analysis showed a bias of -19.2 CD4 cells/µL (95% CI -29.5, -8.9) 

between measurements of CD4 cells in capillary blood and venous whole blood. The 

95% limits of agreement were -165.9 CD4 cells/µL (95% CI -183.5, -148.3) and 

127.5 (95% CI +109.9, +145.1) (Fig. 11). The pairwise comparison by Bland-Altman 

analysis shows that the measurements were different (|tdf=205| = 3.63, P=0.0003). 
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Figure 11 Bland-Altman plot comparing the mean and difference of Pima 

  CD4 using capillary and venous whole blood  

   

4.3 Precision of T-cell counts obtained by using the Pima CD4 test on whole 

 blood samples 

Results for within-run and between-run tests for Pima CD4 are presented in table 1. 

For within run precision (repeatability), the mean for the low CD4 counts was 

234.4±5.85 with a Coefficient of variation (CV) of 2.50% and mean for the normal 

CD4 counts was 483.5±8.54 with a CV of 1.77% (Table 4). For between run precision 

(reproducibility), the mean CD4 counts for the low CD4 counts was 239.4±6.79 with 

a Coefficient of variation (CV) of 2.84% and mean CD4 counts for the normal CD4 

counts was 483.9±9.56 with a CV of 1.98%. The manufacturer‟s performance CV% 

claim was 5.00 for sample 1 and 2 for within-run, 9.54 and 7.05 for low and normal 

CD4 counts for between run respectively (Table 4).  
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Table 4 Summary for precision of Pima CD4 

 Within run precision Between run precision 

Sample 1 Sample 2 Low Normal 

N 20 20 20 20  

Mean 234.4 483.5 239.4 483.9 

Standard deviation 5.85 8.54 6.79 9.56 

Coefficient of variation 2.50 1.77 2.84 1.98 

Manufacturer‟s (CV %)  5.00 5.00 9.54 7.05 

 

 

The Coefficient of Variations (CV‟s) for sample 1 and sample 2 were 2.50 and 1.77 

respectively and were less than the manufacturer‟s recommended CV (5.00) and thus 

clinically acceptable. Similarly, the CV‟s for low and normal CD4 counts were 2.84 

and 1.98 respectively and less (2.84) than the manufacturer‟s recommended CV‟s 

(9.54 and 7.05 respectively) and thus clinically acceptable. 

 

Results for within-run precision of CD4 counts obtained by using Pima CD4 for 

sample 1 and 2 and between run precision of CD4 counts obtained by using Pima 

CD4 for low and normal samples together with the “ideal values” for the controls 

(purple-ideal lower and red-ideal upper) are presented in the precision radar plots (Fig 

12A, B) below. The CD4 count measurements obtained by using Pima CD4 were 

precisely running (that‟s the 2 data points on a spoke are close to each other) along the 

lower and upper ideal values (green and blue respectively). Each spoke or radial line 

represents a replicate CD4 result, and each radial line contains two CD4 values, the 

“ideal” CD4 value and the Pima CD4 measurement value. There are 20 replicates, and 
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thus 20 “spokes”. In a radar plot it is not the slope that is important, but the distance 

between the 2 dots on the same spoke. If the 2 dots are far apart, the change is large. 

 

 

 

 

 

 

 

 

 

Figure 12 Within-run (Plot A) and Between-run (Plot B) precision for Pima 

  CD4 results for sample 1 and 2 and Normal and Low CD4 count 

  samples respectively 

 

4.5 Types and frequency of errors incurred by operators when using Pima 

 CD4 

When using venous whole blood out of the total runs (206), the operator committed 

50 errors (24.3%). Of the 50 errors committed, the most prominent were channel 

filling (36.0%), reagent quality control (24.0%), exposure control (18.0%) and image 

(10.0%) Using capillary blood, the operator committed 28 (13.6%) errors out of the 

206 runs. Of the 28 errors committed, the most prominent were image (39.3%), 

reagent quality control (28.6%), focus control (10.7%) and homogeneity (10.7%) 

(Fig.13).  
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Figure 13 Types and frequency (%) of errors committed by operator when 

  using Pima CD4 venous and capillary blood 

 



 56 

CHAPTER FIVE: DISCUSSION 

Answering the questions posed in the introduction, the current study was conducted in 

a designated hospital clinic to assess accuracy, precision of CD4 counts using 

capillary finger stick and fresh venous whole blood and establishing the types and 

frequency of errors incurred when using Pima CD4. This study shows that the enumeration 

of CD4+ T-lymphocytes using Pima CD4 performed well when compared with the reference 

bead-based method and the results from the two machines were highly correlated. The 

CD4 counts enumerated by Pima CD4 using capillary blood was in close agreement with 

those in venous whole blood. Thus, rapid tests for CD4 counts can be performed on 

finger-prick blood samples instead of venous blood when dealing with small volumes 

of blood, in children or subjects with difficult veins to locate. Further, within run and 

between run precision demonstrated that the inherent imprecision of the Pima CD4 

instrument is within the manufacturer‟s claims. Also, results show that pregnant 

women had lower CD4 counts than non pregnant and female patients had a higher CD4 

counts than males. Using venous and capillary whole blood the most common errors 

found were channel filling, image and reagent control. Despite the few short comings and 

due to lower cost, simplicity, low daily throughput comparing to the flow cytometry method, 

Pima CD4 maybe favoured as a suitable alternative for health centers and remote areas 

with limited access to CD4 testing centers. 

 

It is of paramount importance that any instrument introduced for clinical purposes 

must first be thoroughly evaluated and shown to be giving results which are accurate. 

Several alternative methods to monitor CD4+ T-cell counts in HIV-infected 

individuals have been evaluated recently. Many of them show excellent correlation 

with the standard flow cytometric assays and have been successfully implemented in 
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resource-poor settings (Didier et al., 2001; Balakrishnan et al., 2006; Spacek et al., 

2006; Lutwama et al., 2008; Inverness Medical group, 2009; Glencross et al., 2010). 

The results showed that Pima CD4 is able to count CD4 lymphocytes in HIV-infected 

people, but it generally underestimated CD4 lymphocytes counts. Using 206 fresh 

venous whole blood samples from a designated hospital clinic, a mean CD4 count of 

391±201 cells/µL was observed when using Pima CD4 compared to a mean of 

422±220 cells/µL by the BD FACSCaliber is used but these means were not 

significantly different (|tdf=410| = 1.52, P=0.1289). In this study the BD FACSCaliber 

which is a bead-based TruCOUNT method showed higher absolute CD4
+
 T-

lymphocyte values compared with those obtained by the Pima CD4. A similar bias 

was also observed when the TruCount bead-based system was compared with the 

Conventional methods for counting CD4 cells, indicating that this tendency of the 

TruCOUNT system to provide higher CD4 counts than other methods may be a 

reproducible characteristic of the TruCOUNT bead-based technology (Nicholson et 

al., 1997) 

 

Furthermore, linear regression analysis showed that both machines were highly 

correlated. Linear regression r
2
 = 0.93 with a slope of 0.8827 and intercept of 17.88, 

with Pearson correlation coefficient of 0.96 (P=<0.0001) were observed. These results 

are in agreement with earlier studies which compared performance of Pima CD4 with 

standard methods (flow cytometer). For example, using 149 samples in a laboratory 

setting, a study conducted in Germany to compare performance characteristics of 

Pima CD4 and BD FACSCaliber, a slope of 0.95 (0.91 to 0.99) with an intercept 

(95% CI) of 24 (8.5 to 37) and Pearson correlation coefficient (95% CI) of 0.96 (0.94 

to 0.97) between the two measurements were obtained (Inverness Medical group, 
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2009). Likewise, using 50 samples in a study conducted in South Africa by Glencross 

et al. (2010) to compare the performance of four parallel Pima instruments with flow 

cytometric based PLG/CD4 testing as the reference standard (Beckman Coulter XL 

flow cytometer), a regression slope of 0.92 and Spearman correlation of 0.98 were 

observed.  

 

Bland-Altman analysis showed a bias of -31.6 CD4 cells/µL (95% CI -39.7, +31.3), 

between both the Pima CD4 and the BD FACSCaliber machines. The 95% limits of 

agreement were -146 CD4 cells/µL (95% CI -160, -132.5) and 83.0 cells/µL (95% CI 

+69.2, +96.7).This indicates that Pima CD4 results may be as many as 146 CD4 

cells/µL greater or 83.0 cells/µL lesser than BD FACSCaliber results. The results 

showed that the range between these two limits was generally small.  The smaller the 

range the better the agreement between the two instruments (Bland and Altman, 

1986). Results obtained by a new laboratory test that are different do not necessarily 

mean that the new test is in error. The true tests of any laboratory assay are its medical 

relevance and how well it performs in helping users make diagnostic medical 

decisions (Nicholson et al., 1997). Also according to Lutwama et al. (2008), for 

clinical purposes, this amount of variation may be acceptable so far, as the Pima CD4 

methods are less expensive than flow cytometry and the limited infrastructure in 

remote settings may prevent the use of more accurate methods. However, the pairwise 

comparison of accuracy of Pima CD4 and BD FACSCaliber technologies by Bland-

Altman analysis was highly significant (|tdf=205| = 7.77, P<0.0001). These results 

contradict other studies which have compared performance of Pima CD4 count with 

standard methods (flow cytometer). For example, in a study to compare performance 

of Pima CD4 and BD FACSCaliber in Germany, Inverness Medical group (2009) 
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reported a mean bias (95% CI) across all 149 samples of -10 (-22 to 3) cells/μL and it 

was not significantly different. Similarly, in South Africa, Glencross et al. (2010) 

noted an overall bias (n=50samples) of -12.02±38.7, with a bias of 2.63±13.9 for 

samples with a CD4 count <200 cells/μL (cut-off for ART in South Africa) and -

19.12±44.6 for CD4 count >200 cells/μL. None of these differences were significant 

or changed decision making for ART initiation.  

 

The difference in results could have been probably due to the sample size used in both 

studies. Glencross et al. (2010) used 50 samples, Germany; Inverness Medical group 

(2009) used 149 samples as compared to 206 samples used in this study. Thus, the 

biases between the different instruments used as reference standards though may not 

be great, reinforce the theory that identification of lymphocytes varies by instrument 

and method of lymphocyte identification. Whereas PLG/CD4 XL flow cytometer can 

analyze samples that have spent a few days after collection, the FACSCaliber can 

only analyze fresh or stabilized samples (Bentley et al. 1993). Differences between 

the studies may also have been due partially to differences in geographical location 

and study population characteristics such as age, race/ethnicity, and prevalence of 

underlying diseases, immunological and genetic factors, all of which have been 

shown to be associated with variations in CD4 cell counts. African populations 

typically have lower CD4 lymphocyte counts than their western European and 

Caucasian counterparts (Messele et al., 1999; Clerici et al., 2000) 

 

Furthermore, the most probable explanations could have been in part due to the 

technical errors that might have occurred during sample preparation and/or gating of 

cell population. While manual gating is relatively robust to unanticipated cell 
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population distributions, it suffers from the potential for operator bias and it is labor-

intensive. In fact all gating methods have their drawbacks in particular cases, and 

tools and procedures are needed for evaluation of the results of the gating process 

(Gosink et al., 2009; Pynea et al., 2009). A critical bottleneck in data analysis is 

gating, the identification of groups of similar cells for further study. The process 

involves identification of regions in multivariate space containing homogeneous cell 

populations of interest. Generally, gating has been performed manually by expert 

users, but manual gating is subject to user variability, which can potentially impact 

results (Gratama et al., 2002; Van Blerk et al., 2003¸ Satoh et al., 2008). 

 

In this study, both machines registered gender differences in CD4 lymphocyte counts. 

BD FACSCaliber registered a mean CD4 count of 439±227 and 368±168 cells/µL for 

females and males respectively and were significantly different (|tdf=204| = 2.00, 

P=0.0464). Similarly, Pima CD4 registered a mean CD4 count of 407±205 and 

340±184 cells/µL for females and males respectively and were also significantly 

different (|tdf=204| = 2.04, P=0.0423). These results generally agree with other studies 

in which different technologies for enumeration of CD4 lymphocytes have reported 

higher CD4 counts in both HIV-negative and HIV-positive women more than men 

(Maini et al., 1996; Delmas et al., 1997; Farzadegan et al., 1998; Sterling et al., 1998; 

Prins et al., 1999). According to Grinszte et al. (2008), gender-associated viral load 

differences are more likely to be associated with inherent biological differences in 

men and women than factors linked to geographic location including race, co-

infections, culture or environment. Grossman (1985) suggested that sex hormone 

effect could be the possible explanation for the observed gender difference in CD4 

counts, as the circulating lymphocytes have receptors for androgens and oestrogens. 
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Bofill et al. (1992) also suggested that the gender difference could be due to diurnal 

variation.  

 

However, the main question is whether the gender differences in CD4 lymphocyte 

counts have implications for patient management. This is especially with regard to 

initiation of antiretroviral therapy since guidelines include CD4 cell counts as criteria 

for starting therapy (Prins et al., 1999). Before highly active antiretroviral therapy 

(HAART) became available, a CD4 count of 200cells/µL was regarded as the level 

below which antiretroviral therapy and PCP prophylaxis should be started. Due to 

gender differences in CD4 counts, women started ART‟s later than men. Nevertheless 

this did not have a significant difference on disease progression (Prins et al., 1999). 

However, since the more powerful HAART, which is initiated much earlier in 

infection when the CD4 cell count drops below 500cells/µL, became generally 

available in 1996, the situation became different (Farzadegan et al., 1998; Sterling et 

al., 1998; Prins et al., 1999).  The gender differences in CD4 lymphocyte counts 

suggest a delay of initiation of therapy in women compared with men, which if it 

unfavorably influences disease progression may require revision of treatment 

guidelines to enable women to benefit equally from HAART (Prins et al., 1999; 

Mocroft et al., 2000).  

 

When capillary blood was used for enumeration of lymphocytes using Pima CD4, the 

mean CD4 count was 371±185cells/µL and was significantly different (|tdf=410| = 2.54, 

P=0.0116) from BD FACSCaliber (422±220cells/µL). However, linear regression 

analysis showed that results from both machines were highly correlated. Linear 

regression slope 0.7583, intercept of 51.18 and r
2
 = 0.81 with Pearson correlation 
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coefficient of 0.90 (P<0.0001) were observed. These results are in agreement with 

earlier studies conducted in Germany to compare performance of Pima CD4 and BD 

FACSCaliber by Inverness Medical group (2009). In their study, the performance of 

Pima CD4 with capillary whole blood samples was shown to be comparable to that 

with venous blood. Compared to BD FACSCalibur venous blood results, regression 

analysis showed a slope (95% CI) of 0.85 (0.76 to 0.94) with an intercept (95% CI) of 

46.42 (-5.92 to 98.76). The Pearson correlation coefficient (95% CI) between the two 

measurements was 0.94 (0.89 to 0.97).  

 

Rapid tests for CD4 counts are currently under development and could increase the 

availability of CD4 counting. Such tests could be performed on finger-prick blood 

samples, enabling them to be conducted where trained phlebotomists are not available 

or when difficulties are encountered with venous sampling. Finger-prick blood 

samples are commonly used in resource-poor settings for rapid HIV tests and malaria 

parasite slides and so may be more acceptable than venipuncture. However, studies 

comparing CD4 counts in finger-prick and venous blood are limiting (MacLennan et 

al., 2007). In this study, the mean CD4 counts enumerated by Pima CD4 in venous 

whole blood (391±201 cells/µL) were higher than that in capillary blood (371±185 

cells/µL) but there was no significant difference ((|tdf=410| = 1.01, P=0.3142). On the 

contrary, other studies have reported higher CD4 counts in capillary (skin puncture) 

blood than in venous whole blood but with no significant differences (Yang et al., 

2001; Daae et al., 1988; MacLennan et al., 2007). This variation across studies may 

be partially contributed by different experimental conditions and/or sampling, 

systematic errors and maybe the different study populations. CD4 counts vary across 

populations due to a variety of demographic, environmental, immunological and 
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genetic factors that probably persist throughout the course of HIV infection. Also 

previous studies have demonstrated significant diurnal variation in lymphocyte levels, 

and such variation may have biased the CD4 measurement (Messele et al., 1999; 

Clerici et al., 2000) 

 

Linear regression analysis showed that both capillary and venous measurements were 

highly correlated. Linear regression slope 1.01, intercept of 15.42 and r
2
 = 0.86 

(Fig.10) with Pearson correlation coefficient of 0.93 (P=<0.0001). This agrees with 

Yang et al. (2001), Daae et al. (1988) and MacLennan et al. (2007) who reported a 

relation between CD4 counts in venous and capillary blood. Bland-Altman analysis 

showed a bias of -19.2 CD4 cells/µL (95% CI -29.5, -8.9) between measurements of 

CD4 cells in capillary blood and venous whole blood. The 95% limits of agreement 

were -165.9 CD4 cells/µL (95% CI -183.5, -148.3) and 127.5 (95% CI +109.9, 

+145.1) (Fig. 11). The pairwise comparison by Bland-Altman analysis shows that the 

measurements were significantly different (|tdf=205| = 3.63, P=0.0003). In contrast, 

MacLennan et al. (2007) reported an agreement between paired CD4 counts with little 

bias and narrow agreement. The difference in results could have been due to lack of 

an adapter on the channel filling tube of the cartridge of Pima CD4. In addition, HIV 

patients might defer in nutritional status, stage of disease presentation, medical care 

and behavioral practices which may have influenced the
 
results.

 
Finger-prick CD4 

values were higher than venous CD4 counts by an average of 6.6 cells/μL (95%CI 

1.0, 12.0), with limits of agreement −50.7 cells/μl (95%CI −60.3, −41.2) and 63.7 

cells/μl (95%CI 54.2, 73.3). Thus, these data indicate that provided careful sampling 

technique is followed, finger prick blood samples could be used in place of venous 

blood samples in HIV-infected adults for absolute CD4 lymphocyte counts as also 
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recommended by MacLennan et al. (2007). Collection of blood by skin puncture 

provides a rapid and simple alternative to venipuncture when small volumes of blood 

are required, and is useful when dealing with children and subjects with difficult veins 

to locate (Cracknell et al., 1995). This will potentially increase the accessibility for 

CD4 counting in resource-poor settings, especially once rapid tests become widely 

available (MacLennan et al., 2007). 

 

The mean CD4 counts were lower in pregnant than in non-pregnant female patients 

with a mean ± SD CD4 counts of 258±111, 254 ± 120 and 228±105 cells/µL in 

pregnant and 460±283, 424±206 and 402±185 cells/µL in non-pregnant by BD 

FASCaliber for venous whole blood, Pima CD4 for venous whole blood and Pima 

CD4 for capillary blood respectively. These results were consistent with findings of 

other studies that examined the effect of pregnancy on CD4+-cell counts in HIV-

positive women (Burns et al., 1996; Danisman et al., 2001). Similarly, a decline in 

CD4 cell counts has been reported during pregnancy in HIV-negative women 

(Bisalinkumi et al., 1992; Dayama et al., 2003; Aina et al., 2005; Chama et al., 2009). 

Pregnancy has been shown to be associated with altered immunity in both laboratory 

and clinical studies (Sridama et al., 1982; Weinberg, 1984; Biedermann et al., 1995), 

which could enhance the immunosupression associated with HIV infection 

(Weinberg, 1984; Hocke et al., 1995). At present, the type and number of 

antiretroviral drugs needed, together with the foreseeable antiretroviral treatment 

duration partly depend on the mother's CD4 cell count (WHO, 2004a). While the 

MTCT risk is higher with the increasing immunosuppression of the mother (Leroy et 

al., 2002),  whether a pregnant woman meets the criteria for receiving highly active 
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antiretroviral therapy (HAART) largely depends on her immunological status (WHO, 

2004a). 

 

The aim of assessing precision was to estimate the random and systematic error 

associated with performing the CD4 counts on Pima CD4 and also to determine the 

variability of repeat measurements as compared with data published by the 

manufacturer. In this study, within run precision demonstrated that inherent 

imprecision of the Pima CD4 instrument is within the manufacturer‟s specifications 

and clinically acceptable limits (Inverness Medical group 2009). A mean CD4 count 

for sample 1(fresh sample low CD4 count) was 234.4±5.85 with a Coefficient of 

Variation (CV) of 2.50% and mean CD4 count for the sample 2(fresh sample Normal 

CD4 count)) was 483.5±8.54 with a CV of 1.77%. Between run precision 

demonstrated that the overall imprecision of Pima CD4 instrument inherent and due to 

other external variants is within manufacturer‟s specifications and clinically 

acceptable limits (Inverness Medical group 2009).  The mean for the low CD4 counts 

was 239.4±6.79 with a Coefficient of variation (CV) of 2.84% and mean for the 

normal CD4 counts was 483.9±9.56 with a CV of 1.98%. The manufacture‟s 

performance CV for Pima CD4 is 5.00% hence; these findings are within acceptable 

values. The study results demonstrated that the Pima CD4 maybe a reliable instrument 

in our setting: it is precise when operated as per manufacturer‟s instructions and the 

agreement between the Pima CD4 and the FACSCaliber is high. The underestimation 

of the CD4 count as suggested by the confidence intervals around the mean difference 

does not have clinical implications (Teav et al., 2004). In this study, within-run and 

between run precision of T-cell counts obtained by using the Pima CD4 for low and 

normal CD4 count samples were plotted together with the “ideal values” for the 
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controls on radar plots (Fig 14A, B) to demonstrate how precise the results were. 

These results agree with earlier studies by various researchers who have compared 

new technologies with reference standard for enumerating absolute lymphocyte 

counts and observed low CV‟s (Nicholson et al., 1994; Teav et al., 2004; Imade et al., 

2005; Kannangai et al., 2005; Denny et al., 2008). Modern instruments have a CV of 

3- 5% and when all other parameters are equal, the lower the CV, the better the test 

(USAID, 2008).  

 

Pima CD4 being a relatively new innovation in Uganda, operators are bound to make 

mistakes when using it. In this particular study, the operator committed 24.3% errors 

when using venous whole blood with channel filling, reagent quality control, 

exposure control and image as the most prominent ones (Fig. 13). Using capillary 

blood, the operator committed 13.6% errors with image, reagent quality control, focus 

control and homogeneity as the most prominent errors (Fig. 13). In view of increasing 

attention focused on patient
 
safety and the need to reduce Pima CD4 errors, it was 

important
 
to collect statistics on error occurrence

 
rates over the whole testing cycle. 

These errors are helpful in identifying what part of the instrument or the application is 

causing the problem in order for appropriate troubleshooting steps to be made. 

Children were not included in this study because Pima CD4 is not yet able to provide 

percentages and yet absolute CD4 counts are not preferred for children under 12 years 

old because absolute CD4 counts vary a lot. Children are monitored by CD4 

percentages which is sometimes more stable indication of whether there has been a 

change in the immune system.  
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS  

6.1. Conclusions 

The CD4 counts of female patients were higher than that of the male patients and 

pregnant women patients had significantly lower CD4 counts than those for non-

pregnant irrespective of the machine or the source of blood.  

 

Pima CD4 slightly underestimates the CD4 cell counts but the mean values were not 

significantly different from the reference method (FASCaliber flow cytometry) and 

the two machines were highly correlated (r = 0.96). Accuracy of Pima was similar to 

BD FACSCAliber. Thus, Pima CD4 can be used for CD4 enumeration particularly in 

resource-limited settings like rural Uganda. 

  

Generally, CD4 counts enumerated by Pima CD4 for venous blood were higher than 

that for capillary blood but not significantly different (P=0.3142). Thus, rapid tests for 

CD4 counts can be performed on finger-prick blood samples instead of venous when 

dealing with small volumes of blood, in children or subjects with difficult to locate 

veins. This will potentially increase the accessibility for CD4 counting in resource-

poor settings, especially once rapid CD4 tests become widely available.  

 

Further, within run precision demonstrated that the inherent imprecision of the Pima 

CD4 instrument is within the manufacturer‟s specifications and clinically acceptable 

limits. Also, between run precision demonstrated that the overall imprecision of Pima 

CD4 instrument and due to other external variants is within manufacturer‟s 

specifications and clinically acceptable limits. 
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 The study revealed that Pima CD4 being a new technology, the operators are still 

committing errors: 24.3% errors with channel filling and reagent quality control being 

the most prominent where venous blood was used and 13.6% errors with image and 

reagent quality control for capillary blood  the most common errors  

 

6.2. Recommendations 

Despite the few short comings, Pima CD4 may be suitable for health centers and 

remote areas with limited access to CD4 testing centers like rural Uganda. However, 

there is still need for proper and thorough training of the operators. Lastly, this study 

was done in a designated hospital HIV clinic environment. Thus, there is a need to 

evaluate the Pima CD4 in field conditions particularly in remote areas. Further 

feasibility studies should be conducted at health centre III and IV‟s and remote areas 

before Pima test can be rolled out at these levels of the health system. 
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Appendix I: Gating of anticipated cell population distribution:  

Adopted from Thakar et al., (2006)  

 

 

 

 

 

 

 

 

 CD3+ cells (in red) are gated using the size (FSC: X axis) and the CD3-PECy5 

staining (PM2: Y axis) using the threshold setting markers.  

 

 CD3+CD4+ T cells are gated in CD4 analysis gate using two-color 

fluorescence CD4- PE (PM1: X axis) and CD3- PECy5 (PM2: Y axis) using 

the threshold setting markers. 
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Appendix II: Study Schema 

Site Staff reviews study eligibility of the 
patient 

 

 
Patient  is informed about purpose, risk and 

benefits of the study 
 

 

Patient gives  written  Informed Consent to 
participate in the study 

 

 

Site Staff records patient demographics 
and medical history 

 
 

Site Staff assigns a unique Subject ID 
 
  

Two capillary finger stick blood samples 

are collected by Site Staff into two Pima 

CD4 test cartridge 

Two 4mL venous blood samples are collected 

by Site Staff into KzEDTA tubes for Pima 

C04and BD FACSCalibur testing 
 
 

 
  

 
Pima C04 tests are performed by Site Staff 

and results on the Source Document 

 

 

Lab Staff performs two BD FACSCalibur 
measurements as par institution SOP 

 
 

 
  

Results of 80 FACSCalibur measurements 
are reported back to Site Staff 

  

 

 

 

 

Site Staff collects all results on the  
           Case Report Form 
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Appendix III: RESEARCH SUBJECT INFORMATION SHEET 

Purpose 

We invite you to take part in a research study because you have confirmed HIV 

infection and have presented to Mulago Hospital. Part of monitoring HIV infection is 

the measurement of T-helper cell count (CD4), an indicator of your immune status. A 

new method has been developed to determine T-helper cell count within 

approximately 20 minutes in one drop of blood from your finger and intend to 

compare the results of this new method with an already established laboratory test. 

 

What should you know about your participation in this research study? 

Your participation in this study is voluntary and will take about 20 minutes of your 

time. You have the right to refuse to take part in this study, or you may agree to take 

part and change your mind later. Whatever you decide, it will not affect your regular 

care. 

 

What procedures will be done to you as part of this study? 

We will collect about one drop of blood from two separate fingersticks (about two 

drops of blood total; this may be repeated if the second finger prick was not 

successful) 

 

We will also collect about one tablespoon (8mL) of blood from your vein 

 

The blood samples will be tested with the new method. Your age, gender, and some 

information about your medical history, diagnosis and whether you receive ART will 
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also be collected for this study. However, no information that can directly identify 

you will be available to the researchers. 

 

Your blood will also be tested for T-helper cell count with the routine method at 

Mulago Hospital and the result compared to the new method. 

 

The new method is not yet approved for medical use and your physician will not use 

the results to evaluate your condition. You will still receive the standard care that you 

would normally receive while in the clinic. 

 

What are the possible benefits? 

There are no direct health benefits to you for taking part in this study.  

What are the possible risks and discomforts? 

Blood will be drawn from your arm and by fingerprick. Risks associated with drawing 

blood include pain, bruising or swelling at the site of the blood draw; Infection at the 

site of the blood draw is also possible, but very unlikely. 

 

For more information about risks and side effects, ask the investigator or nurse. 

 

What information will be kept confidential? 

Information collected for this study will be reported to the study investigator. 

The reported information will be coded by a number to protect your identity. 
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RESEARCH SUBJECT INFORMED CONSENT FORM 

 

Investigator: 

“I have read, or it was read to me, the information sheet concerning this study and I 

understand what will be required of me if I take part in the study” 

“I am aware of the possible risk and benefits of this study” 

“I know that being in this study is voluntary” 

“I understand that at anytime I may withdraw from this study without giving a reason 

and without affecting my normal care” 

“My questions concerning this study have been answered by …………………” 

“I agree to take part in this study” 

 

SIGNATURE ___________________________________DATE _____________ 

 

NAME (Please Print) ________________________________________________ 

 

Signature of Person Obtaining the Informed Consent: 

 

SIGNATURE ___________________________________DATE _____________ 

 

NAME (Please Print) ________________________________________________ 

Appendix IV: Facscalibur daily operations SOP 

1. Samples Preparation Procedure (Lyse No-Wash Staining) 

1.1. Label two 12 x 75 mm Trucount tubes with CD-Chex Plus QC Normal 

& Low Properly label 12 x 75 mm Trucount tube with specimen ID  
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1.2. Add 20 l of the Antibody (Ab) reagent (Multitest 

CD3/CD8/CD45/CD4) to the appropriate tubes; pipette the Ab reagent 

just above the steel retainer.  

1.3. Gently invert the specimen tube to mix and then carefully remove the 

stopper (make sure you follow Universal Biohazards Precautions)  

1.4. Add 50ul blood to each tube just above the retainer using a pipettor.  

The reverse pipetting method should be used to ensure the correct 

volume is added.  

1.5. Cap the Trucount tube and vortex gently to mix 

1.6. Incubate at RT (20 to 25C) in the dark for 15 minutes (utilize a 

timer to ensure time accuracy). 

1.7. Adjust the 1000 ul pipette to 450 ul. Add 450 ul of Diluted 

FACSLyse (1:10) to each tube and vortex after each addition.   

1.8. Incubate at RT for 15 min in the dark to lyse the red blood cells. 

1.9. Analyze on FACSCalibur flow cytometer immediately. Samples can be 

stored in the dark at room temperature (RT) until ready to analyze, 

however, they should be run on the flow cytometer within 8 hours after 

staining (can be kept up to 48hr @2-8C). Vortex each tube gently 

before placing on the FACSCalibur. 
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2. QUALITY CONTROL (QC TESTING) 

2.1. As indicated in point #8.1 each set of daily specimens is run with stabilized blood 

product with two levels of control i.e. CD-Chex Plus QC Normal & Low  

2.2. The QC samples are run and prepared just like patient samples except for: 

2.2.1. The QC samples are placed on the carousel in positions #1 & 2 

2.2.2. For QC samples, we must select the QC testing file from the MultiTest 

software.   

2.3. Each QC lot comes with a package insert listing the ranges of values for CD3, 

CD4, and CD8. The QC results obtained are compared to those listed on the 

insert and they must be within the documented range.  

2.4. If analyzed QC‟s values are within acceptable range, accept results (instrument 

will save QC results in the FacsComp software) print results and save in the 

FacsCalibur QC log, then document as “OK” on the Core Lab daily QC review 

log, and proceed with running & accepting patient samples results.   

2.5. If the analyzed QC‟s are not both within the specified range then the CD-Chex 

Plus QC standard controls failed and the following steps are to be performed in 

order to proceed with the patient sample analysis. 

2.5.1. Do not analyze the patient samples.   

2.5.2. Repeat a freshly prepared CD-Chex Plus QC  

Note: If QC OK this time, we need to re-prepare all patient samples done on 

the same batch (if any). To ensure the sample preparation process is OK as 

well.   

2.5.3. If the freshly prepared D-Chex Plus QC fails again then do not analyze 

the patient samples, proceed to step 9.5.4 below.  
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2.5.4. Inform the Lab Supervisor or team lead, and a different operator stains 

a fresh D-Chex Plus QC sample and all patient samples.  Analyze the 

QC and if it passes then proceed with analyzing the re-stained patient 

samples 
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Appendix V: QUICK REFERENCE GUIDE 

 

1. Turn ON the Pima Analyzer and wait until this message appears on the screen. Press <OK> 

and Pima is ready for a new analysis 

2. Remove Pima CD4 Test Cartridge from its protective pouch. 

 

3 Select a site for fingerstick. 

•       The patient should be sitting or lying down. 

•   Select a collection site (3rd or 4th finger are preferable as 

shown in the illustration). 

.      Select an area off the centre of the finger pad (shaded area). 

 

4 Warm the fingers if necessary. 

•   Have the patient hold their hand downwards to increase blood flow to the fingers. 

 

5 Wipe the tip of the selected finger with alcohol and allow the alcohol to 

air dry 

 

 6     Perform fingerstick 

•      Use the sterile lancets provided by the 

Sponsor to make a skin puncture just off the centre of the finger 

pad. 

•      It is important to press lancet firmly onto the finger and maintain contact while ejecting the lancet. 

 

7     Collect specimen 

•       If necessary, massage gently from the hand to near the puncture site. 
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•      Wipe away the first drop of blood with a sterile gauze pad. 

•      Position end-to-end capillary of the cartridge directly in contact with the blood drop and allow the 

capillary to fill. 

 

 

 

8 Observe the control window to ensure sufficient loading. 

 

• Remove cartridge from finger when area in the control 

window is filled with blood. 

 

 

 

9 Completely close the orange cartridge cap. 

 

 

 

 

10 Remove protective label from the cartridge.  
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11 completely insert cartridge into the Pima Analyzer in the 

direction indicated by the arrow on the cartridge label.  

 

 

 

12 Enter Operator and Sample ID. Expect approximately 20 minutes for completion of the 

analysis. 

 

13 Remove cartridge when prompted by the analyzer.  

     • Discard used cartridge as biohazardous waste. 

 

14 Test result is displayed on the screen. 

 

15 Print Pima Test Report from current analysis and attach to the Source Document. 
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Appendix VI: QUICK REFERENCE GUIDE SAMPLE COLLECTOR 

1. Remove one Sample Collector from the protective pouch 

 

 

 

2 Hold the wide end of the Sample Collector between thumb 

and index finger so that the capillary points upwards. 

 

 

 

3. Squeeze the wide end of the Sample Collector between 

thumb and index finger (like a clothes pin). Align the Sample 

Collector with the top end of the cartridge. 

 

 

 

4. Place the Sample Collector so that its capillary slides over 

the capillary of the cartridge and push it downwards until it fits 

tight against the orange holding strap of the cartridge cap. 
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5. If done correctly the Sample Collector slides easily onto the 

two black pillars of the cartridge base. If you feel too strong 

resistance, squeeze harder on the wide end Sample Collector 

and check the alignment. Release the Sample Collector. It is 

now ready to be filled with blood. 

 

 

 

6. Apply sample onto the sample collector until the collector is 

filled with blood (approx. 30uL). 

 

 

 

 

 

7. Stop filling when collector is full. 

 

 

8. Observe the control window to ensure sufficient loading. Hold 

the cartridge upwards, in a 45 degree angle. Do not remove the 

sample collector until the control window is filled with blood. 
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9. Squeeze the wide end of the Sample 

Collector between thumb and index finger and 

remove Sample Collector from the cartridge in 

one continuous upwards motion. Dispose as 

biohazardous waste. 

 

 

 

10. Check that the small capillary is still in place. 

 

 

 

 

11. Completely close the cartridge cap and 

insert the cartridge into the Pima Analyser. 
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Appendix VII: Ethical Approval 
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