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ABSTRACT 

Objectives: 

The PIMA CD4+ T cell count analyser has been favourably evaluated for use in point-of-care 

(POC) situations in Mozambique and Zimbabwe, has also been recommended by the World 

Health Organisation (WHO), however, there is limited information on its use in Primary 

Healthcare (PHC) settings in KwaZulu Natal (KZN) South Africa. The main aim of this study 

therefore assessed the accuracy, sensitivity and specificity of the Alere PIMA Point of Care 

(POC) analyser CD4+ T cell count enumeration compared to the South African National Health 

Laboratory Services (SA-NHLS) methodology, which uses Beckman Coulter with 

Panleucogating (PLG/CD4). The potential role of using the PIMA CD4 analyser as a predictor 

of  antiretroviral therapy (ART) eligibility was also assessed.  

Material and Methods:  

The study took place at Lancers Road clinic, a busy primary health clinic (PHC) facility under 

the eThekwini Health Unit.  

An extra two millilitres of venous blood was drawn from the same blood draw as for the routine 

CD4 NHLS test (Beckman Coulter) into another EDTA tube for the comparison of the 

enumeration of CD4+ T cells using the PIMA analyser during January – July 2013.  

Results: 

A total of 268 patients were recruited for the PIMA  analyser  comparison with NHLS 

PLG/CD4 while a sub-set of 100 blood samples were also analysed on the FACS calibur.  

In the 100 samples the PIMA analyser results correlated better with the FACS calibur results 

(mean bias of 7.52, Bland Altman limits of agreement -111 to 126 and correlation of 0.970) 

than with the NHLS PLG/CD4 results (mean bias of -12.78, Bland Altman limits of agreement 

-226.041 to 200.481 and correlation of 0.90).  

In the 268 samples the overall mean difference between the PIMA analyser – NHLS PLG/CD4 

was 17.5 cells/µl (95% CI 6.2 to 28.8).  The percentage similarity (SIM) between the two 

(Mean ± SD) was 106 ± 15.5; indicative of acceptable agreement between the two tests.  When 
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categorised by the following CD4+ T cell counts of: ≤350 cells/µl; 351-500 cells/µl; ≤500 

cells/µl and > 500 cells/µl , the mean difference of PIMA analysers – NHLS PLG/CD4 was 33 

cells/µl (95% CI 23 to 42); 22 cells/µl (95% CI -3.5 to 47); 30 cells/µl (95%CI 21 to 39); and 

cells/µl (95% CI -78 to 6.1) respectively. 

Under the current South African guidelines of ≤350 cells/µl CD4+ T cells, the sensitivity of 

the PIMA analyser was 83.5% and specificity 92%.  At this threshold of ≤ 350 cells/µl there 

were 35 (13%) misclassifications, of which 27 were false negatives. This implies that 27 

patients would have been falsely deemed ineligible for ART according to the PIMA analyser.  

The mean difference between the PIMA analyser and NHLS PLG/CD4 in this group of 27 

patients was 112 cells/µl. The positive predictive value was high at 95% such that 95% of the 

patients eligible for treatment according to PIMA analysers would have also been deemed 

eligible for treatment on the NHLS PLG/CD4 test. Using future South African  treatment 

guidelines threshold of CD4+ T cell counts ≤500 cells/µl ,  a high sensitivity of 94% was 

observed at the sacrifice of lower specificity of 78%.  

According to the NHLS PLG/ CD4 test result, 164/268 (61%) of patients were eligible for ART 

(CD4+ T cell count ≤350 cells/µl) compared to 145/268 (54%) with the PIMA analyser POC 

CD4+ T cell test.  Of those eligible for ART according to the ART register at Lancers Road 

PHC, 110/164 (only 67%) of these patients were initiated on ART. Of those who did not return 

for their results 35/268 (13%), twenty of 35 (57%) were eligible for ART according to the 

NHLS PLG/CD4 laboratory CD4 test result, all of whom were not initiated on ART.  

Conclusion: 

The overall agreement between the PIMA analyser POC and NHLS PLG/ CD4+ T cell count 

enumeration in adult HIV positive individuals was acceptable with clinically insignificant 

mean bias. Together with high positive predictive value, and sensitivity and acceptable 

specificity the PIMA analyser POC lends itself to an excellent facilitator of improved 

healthcare. 

Key Words:   

HIV, CD4+ T cell count, point of care testing, PIMA, ART eligibility. 
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CHAPTER 1 - BACKGROUND 

1.1. HIV DISEASE 

The disease is caused by the Human Immunodeficiency Virus (HIV) which belongs to the 

Retroviridae family of the genus Lentivirus. Lentiviruses infect many species and typically 

cause long- length illnesses with long incubation periods (Levy 1993). HIV causes AIDS which 

is a condition that affects humans whereby there is progressive failure of the immune system 

as well as some cancers. (Weiss et al., 1993) 

HIV is mainly transmitted through sexual contact where there is transference of blood, semen, 

pre-ejaculate and/or vaginal fluid. Vertical transmission of HIV can also occur in utero, 

perinatally and post-natally through breast milk.  

1.1.1 Epidemiology 

According to the World Health Organization (WHO) statistics, the global prevalence of the 

Human Immunodeficiency Virus (HIV) was estimated at 35 million adults between the ages of 

15 and 49 living with HIV in 2013 (WHO 2013a). In the same year, the total number of children 

under the age of 15 living with HIV was at a staggering 3.2 million with a recorded 1.5 million 

number of deaths due to HIV and Acquired Immunodeficiency Syndrome (AIDS) related 

causes. Africa alone accounts for over 67% of global HIV infections. It is estimated that 93% 

of all children infected with HIV are in Africa. In 2012, 1.6 million deaths due to HIV-related 

illnesses were recorded globally and 1.2 million of those deaths occurred in Africa (WHO 

2012). In South Africa, there were about 6.3 million people who were living with HIV in the 

year 2013. An estimated 2.9 million of these adults were women 15 years of age and above and 

another 460 000 of these were children under the age of 15 years (UNAIDS 2013). The 

National Antenatal Sentinel HIV and Syphilis Survey estimates that 29.5% of pregnant women 

aged 15-49 were living with HIV in 2011 (SANAC 2012). This survey was based on a sample 

size of 36 000 women attending 1445 antenatal clinics across all provinces in South Africa. 

KwaZulu Natal recorded the highest HIV prevalence in the country in 2011, with 39.1% of 

pregnant women testing HIV positive in 2006. This figure has since decreased to approximately 

37% in 2011 among women attending antenatal clinics in SA (Avert 2011). 
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The Human Science Research Council (HSRC) 2012 household survey conducted in 2012 and 

published in the Mail and Guardian in 2013 (Mail & Guardian 2013) showed that in all 

provinces, the HIV prevalence has increased in the age group 15-49, with KwaZulu Natal 

having the highest proportion of infections at 27% and Mpumalanga at 26%. The HSRC 

concludes that antiretroviral treatment has increased the life-span of HIV infected people, thus 

increasing the proportion of people living with HIV. 

 

1.1.2 Replication of HIV 

The following steps occur during HIV replication: 

a. Fusion of HIV to the CD4 cell surface and entry into the cell 

Entry begins with the interaction of the envelope complex (gp 160 spike) to both the CD4 T 

cell receptor and the chemokine receptor (either CXCR5 or CCR5) on the surface of the host 

cell. HIV attaches to the the CD4 binding domains of gp 120 and the CD4 T cell receptor. After 

the CD4+ T cell and gp120 receptors are bound, that complex on the viral envelope exposes 

the chemokine binding domains of gp 120 due to a structural change and allows them to bind 

to the chemokine receptor of the host cell (NIAID 2009). 

 

b. Viral enzymes enter the host cell and replication and transcription occurs 

After HIV has attached to the target cell, various enzymes including reverse transcriptase, 

ribonuclease, integrase and protease are released into the cell. The viral single-stranded 

ribonucleic acid (RNA) genome is transcribed into double stranded deoxyribonucleic acid 

(DNA), which is then integrated into a host chromosome (NIAID 2009). 

This reverse transcription process is highly susceptible to errors and results in mutated HIV 

strains which may elude the immune system or cause drug resistance (NIAID 2009). 

 

c. Integration, generation of viral proteins, immature and mature HIV virus forms. 

The integration of the viral DNA into the host genome is facilitated by an enzyme called 

integrase. In the latent stages of HIV infection, this viral DNA lays dormant (NIAID 2009). 
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The integrated DNA pro-virus is transcribed into messenger-RNA (m-RNA) which is 

translated into regulatory proteins Tat and Rev. Tat encourages the production of new viruses 

and Rev accumulates and binds to viral m-RNA and allows the unspliced RNA to leave the 

nucleus. The full length is actually the viral genome; it binds to the Gag protein and is parcelled 

into new virus particles (NIAID 2009).  

The final step of the HIV replication cycle is the assembly of new HIV-1 virions. This begins 

with the Env polyprotein (gp160) which is cleaved, resulting in the 2 glycoproteins gp41 and 

gp120 (NIAID 2009). 

The Gag polyproteins (p55) and Gag-Pol (p60), along with the HIV RNA, fuse with the inner 

surface of the plasma membrane of the host cell as the developing new virions starts to bud out 

of the host cell (NIAID 2009). 

The cleavage of the budded virion is mediated by the viral enzyme protease. (NIAID 2009). 

 

1.1.3 Pathophysiology of HIV 

During acute infection, the level of HIV may rise to several million virions per milliliter of 

blood. (Piatak et al. 1993). This is accompanied by a persistent destruction of T cells leading 

to the decline of CD4+ T cells ( Sousa, et al. 2002).  

 

The probability of HIV transmission occurring after a single exposure is about 1 in 200 to 1 in 

1000. HIV remains trapped in the genital mucous lining and on the surface of the epithelium 

and doesn’t penetrate the exterior epithelial cell layers (Wilson et al., 2012c). 

 

The acute vireamia is associated with stimulation of CD8+ T cells and is also associated with 

the production of antibodies. The CD8+ T cell response  has been shown to be essential in 

bringing virus levels down which increase soon after infection and decrease as the CD4+ T 

cells recover (Pantaleo et al., 1997). Better disease outcome and slower progression to AIDS 

has been associates with a strong CD8+ Tcell response. Prospective studies on cohorts of HIV 

infected individuals have shown that rates of HIV disease progression may vary among 

individuals (Pantaleo et al., 1997).  The mechanism of CD4+ T cell depletion differs in the 

acute and chronic phases (Hel et al., 2006). 
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The role of CD4+ T cells is to help other lymphocytes, especially B cells and CD8+ T cells, 

recruit monocytes, basophils, neutrophils, and eosinophils as well as minimize responses to T 

regulatory cells (Zhu et al., 2010).  Changes in CD4+ T cells is mediated by positive and 

negative feedback regulatory mechanisms (Phetsouphanh et al., 2015). 

T follicular helper cells and regulatory T cells are key players in driving B cell activation and 

lymphocyte activation respectively, within HIV-1 infected lymphoid tissue. 

 

The loss of CD4+ T cells can be due to the direct infection of this subset (Haase et al., 1999), 

and chronic immune activation (Brenchley et al., 2012) leading to morbidity and mortality if 

untreated.  Effective CD4+ T cell responses are vital in the development of cellular and 

humoral immunity against viral infections.  Specific p24 cytotoxic CD4+ T cells (Norris et al., 

2004; Zaunders et al., 2004) are important in HIV-1 infection particularly in long term non-

progressors (LTNPs) and Elite Controllers for the control of viral replication, unlike in 

progressive disease where non-proliferative CD4+ T cells are present (Zaunders et al., 2013). 

1.1.4 Biological factors affecting transmission 

Transmission of HIV through sexual contact occurs after non-keratinized genital surfaces come 

into contact with infected genital secretions or blood. Transmission is influenced by the 

following factors (Wilson et al., 2012a.): 

a. Viral load -  the higher the viral load, the higher the risk of transmission 

b. Acute HIV infection – there is a high viral load during the acute phase of infection and 

this leads to an increased risk of infection 

c. Stage of HIV infection – a low CD4 count is associated with increased infection rates 

d. Untreated sexually transmitted infections (STI’s) – the risk is increased with both 

ulcerative and non-ulcerative infections in either partner 

e. Herpes Symplex Type 2 (HSV2) infection – recurrences of HSV2 is associated with 

high viral loads in genital secretions 

f. Bacterial Vaginosis in young women – this is associated with high transmission as the 

overall vaginal flora is unbalanced 

g. Cervical ectopy in young women 
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h. Circumcision – halves the risk of transmission to HIV-uninfected men but the risk may 

increase if sexual intercourse occurs before the circumcision wound is healed 

i. Rare inherited mutations of chemokine receptors (e.g homozygous CCR5 delta 32 

deletion mutation) – individuals with this mutation have CD4+ T cells which lack the 

main receptor required for the attachment of HIV onto the CD4+ T cell surface 

1.1.5 Stages of HIV-1 Infection  

There are 3 main stages of HIV infection: acute infection, clinical latency and AIDS. 

Acute HIV infection 

The initial period following infection with HIV is called acute, primary HIV or acute retroviral 

syndrome (Kahn et al., 1998). Many individuals develop influenza-like symptoms 2-4 weeks 

following exposure while some experience no symptoms (Kelly et al., 2009).  

Clinical latency 

The acute stage of infection is followed by a stage called clinical latency, asymptomatic HIV 

or chronic HIV (The US Department of Health and Human Services (HHS), 2012). Without 

treatment, this second stage can last from anything from 3 to 20 years. There are no symptoms 

at this stage but CD4+ T cells slowly are depleted so that near the end of the stage many 

individuals experience weight loss, fever, gastro-intestinal problems and muscle pains (Kelly 

et al., 2009).  

 

AIDS 

Once CD4+ T cell count drops to under 200 cells/µl or opportunistic infections become serious 

the patient then progresses to the clinical AIDS stage. 

 

1.1.6 HIV Disease Management 

SOUTH AFRICAN GUIDELINES 

In response to the HIV/AIDS epidemic, the South African Department of Health has compiled 

a detailed 2012-2016 National Strategic Plan (NSP) on HIV, sexually transmitted infections 

(STIs) and TB (SANAC 2011). The plan is driven by a 20 year vision for the country which is: 
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a. Zero new infections due to vertical transmission 

b. Zero preventable deaths associated with HIV and TB 

c. Zero discrimination associated with HIV and TB 

 

 In line with this 20 year vision, the NSP has the following goals: 

 

a. Reducing new HIV infections by at least 50% using combination prevention 

approaches 

b. Initiating at least 80% of eligible patients on ART, with 70% alive and on treatment 5 

years after initiation 

c. Reducing the number of new TB infections, as well as the number of TB deaths by 50% 

d. Ensuring an enabling and accessible legal framework that protects and promotes human 

rights in order to support implementation of the NSP 

e. Reducing self-reported stigma and discrimination related to HIV and TB by 50% 

 

The KwaZulu-Natal (KZN) Department of Health, in consultation with the South African 

National AIDS Council (SANAC) Treatment Technical Task Team, have compiled a set of 

guidelines for the management of HIV/AIDS (KZN Dept of Health 2013). The guidelines aim 

to achieve certain goals such as: 

a. To achieve the best health outcomes in the most cost-efficient manner 

b. Implement nurse-initiated treatment 

c. Decentralize service delivery to primary healthcare clinic (PHC) facilities 

d. Integrate services for HIV, TB, maternal and child health (including prevention of 

mother to child transmission), sexual and reproductive health, and wellness 

e. Diagnose HIV earlier 

f. Prevent HIV disease progression 

g. Avert AIDS-related deaths 

h. Retain patients on lifelong therapy 

i. Prevent new infections among children, adolescents, and adults 

j. Mitigate the impact of HIV/AIDS (KZN Dept of Heath 2013) 
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The objectives of the program include strengthening the public and private health sectors’ 

capacity to deliver integrated health services, to ensure timely initiation of antiretroviral drugs 

(ARVs) for treatment and prevention and to minimize drug toxicities (KZN Dept of Heath 

2013). 

 

Viral load testing can provide an early indication of treatment failure in patients receiving ART. 

The 2013 WHO guidelines for ART treatment recommend using viral load testing for detecting 

virological failure and/or confirming treatment failure among people with evidence of clinical 

and/or immunological failure. This kind of monitoring is now recognized as the gold standard 

for monitoring the response to ART in high income settings. Several clinical and 

epidemiological studies show that the risk of HIV transmission is very low when the viral load 

is lower than 1000 copies/ml. The Guidelines Development Group also recommended lowering 

the viral load threshold for treatment failure from 5000 copies/ml to 1000 copies/ml  (WHO, 

2013b).  As part of HIV disease management, current guidelines require viral load testing at 6 

and 12 months after commencement of ART and then every 12 months. 

 

1.1.6.1  HIV testing 

In South Africa, HIV testing must be conducted ethically within a supportive environment by 

a trained professional. Verbal consent should be obtained before testing. Disclosure of the 

results and the implications thereof should comply with the promotion of human rights (KZN 

Dept of Health 2013). 

 

HIV test results are reported as: 

 

HIV NEGATIVE 

a. Report as negative to patient 

b. Encourage patient to repeat the test in 3 months to exclude the possibility of the window 

period 

c. Discuss the appropriate prevention package with the patient 

(KZN Dept of Health 2013)  
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HIV POSITIVE 

At intial HIV diagnosis a blood sample is taken for a CD4+ T cell count. According to the 

South African Treatment Guidelines 2013, if a person is: 

 

HIV POSITIVE > 350 CD4+ T cells/µl, then 

a. Transfer to a wellness program for regular follow-up and repeat CD4 testing 6-monthly 

b. Advise on how to avoid HIV transmission to sexual partners and children 

c. Initiate INH prophylaxis if asymptomatic for TB 

d. Provide counseling on nutrition and contraceptive and do annual pap smear 

(KZN Dept of Health 2013) 

HIV POSITIVE ≤ 350 CD4+ T cells/µl - Eligible to start ART 

a. CD4 count <350 cells/µl irrespective of WHO clinical stage 

OR 

b. Irrespective of CD4+ T cell count 

i. All types of TB (in patients with TB/HIV drug resistant or sensitive TB, including 

extra pulmonary TB) 

ii. HIV positive women who are pregnant or breast feeding 

OR 

iii. Patients with Cryptococcus meningitis or TB meningitis (defer ART for 4-6 weeks) 

c. WHO stage 3 or 4 irrespective of CD4+ T cell count 

(KZN Dept of Health 2013) 

days of being eligible) 

REQUIRE FAST TRACK (i.e. ART initiation within 7 days of being eligible) 

d. HIV positive women who are pregnant or breast feeding 

OR 

e. Patients with low CD4 ≤200 cells/µl  

OR 

f. Patients with Stage 4, irrespective of CD4+ T cell count 

OR 

g. Patients with TB/HIV co morbidity with CD4+ T cell count ≤ 50 cells/µl  

(KZN Dept of Health 2013) 
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1.1.7    Standardized National Monitoring for Adults and Adolescents 

with HIV 

1.1.7.1 At initial diagnosis of HIV:  

a. Confirm HIV result with rapid antibody test to ensure that national testing algorithm 

has been followed 

b. Check CD4+ T cell count if HIV positive and WHO clinical staging to assess eligibility 

for ART and eligibility for fast-tracking 

c. Screen for pregnancy or ask if planning to conceive to identify women who need ART 

for life or ARV prophylaxis for prevention of mother-to-child transmission (PMTCT) 

d. Screen for TB symptoms using the WHO questionnaire to identify TB/HIV co-infected 

e.  Check haemoglobin (Hb) or a full blood count (FBC) if requires zidovudine (AZT) to 

check for anaemia and neutropaenia 

f. Check creatinine levels if requires Tenofovir Diproxil Fumerate (TDF) to detect renal 

insufficiency 

g. For patients initiated on Nevirapine (NVP) based regime check Alanine Transaminase 

(ALT) levels to exclude liver disease 

(KZN Dept of Health 2013) 

    1.1.7.2 Laboratory Monitoring for Patients on ART  

a. CD4+ T cell count at 1 year on ART to monitor immune response to ART 

b. Viral Load (VL) at month 6, 1 year on ART and then every 12 months to identify 

treatment failures and problems with adherence 

c. Check ALT only if on NVP and develops symptoms of  NVP toxicity 

d. FBC at month 3 and 6 if on AZT to identify AZT toxicity 

e. Creatinine at month 3, 6 and 12 and then annually if on TDF  

f. Fasting cholesterol and triglycerides at month 3 if on Lopinavir/Ritonavir LPV/r to 

identify LPV/r toxicity 

(KZN Dept of Health 2013)  
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1.1.7.3 At routine follow-up visits for those not yet eligible for ART 

a. Repeat CD4+ T cell count at 6 months to see if they have become eligible for ART 

b. WHO clinical staging at every visit to see if they have become eligible for ART 

c. Screen for TB symptoms to identify TB suspects 

d. Offer Isoniazid Preventative Therapy (IPT) if no TB symptoms to identify TB/HIV co-

infection to prevent TB activation 

e. Offer prevention for HIV positives to prevent HIV transmission and re-infection to 

prevent sexually transmitted infections (STIs) 

1.1.7.4     Indications for urgent up-referral prior to initiation or when on 

therapy 

a. Glomerular Filtration Rate (GFR) less than 60 ml/min 

b. Hb less than 8 g/dl 

c. Body Mass Index (BMI) less than 18.5 kg/m2 

(KZN Dept of Health 2013)  

1.1.8 Staging Immune Status Through the Use of CD4+ T Cells 

The CD4+ T  cell: White blood cells or “leukocytes’ are responsible for defending the body 

against infectious diseases. There are 5 different types of white blood cells, namely, 

Neutrophils, Lymphocytes, Eosinophils, Monocytes and Basophils. All leucocytes are 

produced and derived from a haematopoietic stem cell in the bone marrow (Ross M. 2010). 

The main distinguishing feature of leucocytes is the presence of cytoplasmic granules, hence 

they are characterized as granulocytes and agranulocytes. 

CD4+ T helper cells are white blood cells that are important in the body’s defense against 

invading pathogens; they are the co-ordinates of the immune response. CD4+ T helper cells 

are the primary targets of HIV. 

A prospective cohort study conducted by Van Asten et al. (2004) concluded that immune status 

prior to HIV infection affects disease progression after sero-conversion. This was demonstrated 
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in a study where 51 HIV negative intravenous drug users were recruited and followed up after 

sero-conversion. 

 

1.1.8.1 Enumeration of CD4+ T lymphocytes in HIV/AIDS 

According to the WHO, 9.7 million people living in low and middle income countries had 

access to ART as of December 2012. The goal of WHO was to scale up HIV treatment and 

have 15 million people on ART by the end of 2015. There is a need to consider inexpensive 

treatment as well as affordable laboratory testing in order for this goal to be achieved (WHO, 

2014a).  

 

In HIV infected patients, the CD4+ T cell count in peripheral blood is used for : 

a. Assessing the extent of immune deterioration and speed of development of AIDS 

b. Making a decision to initiate ART, taking into account the patient’s clinical picture 

c. Deciding on the initiation of prophylactic treatment 

d. Monitoring the efficacy of ART 

In adults, the absolute CD4+ T cell count is measured, whereas in infants and young children, 

the percentage of CD4+ T cells among total lymphocytes is more accurate (WHO, 2007).  

1.1.8.2 Techniques used to Count CD4+ T Cell 

 
Techniques that are currently used are methods which comprise of large automated flow 

cytometers that enumerate a variety of cells and dedicated systems that only do CD4+ T cell 

testing such as the FACSCount. 

Automated methods 

Flow cytometry is the gold standard technology for CD4+ T cell enumeration because of its 

accuracy, precision and reproducibility. However, this technology is relatively complex and 

costly. The operators need to be well trained in the technical and biological aspects of the 

methodology. Cost-effective running of flow cytometry requires regular maintenance. This 

makes the use of flow cytometry limited in resource-limited settings to centralized laboratories. 

The introduction of simpler and portable instruments which require little operator training has 

been highlighted by the WHO. 
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Flow cytometry offers several technical options to obtain absolute CD4+ T cell counts (Hubl 

et al., 1996): 

a. Double platform assays: The flow cytometer is used to deliver the percentage of CD4+ 

T cells and this is combined with parameters from the haematological analyser to obtain 

the absolute CD4+ T cell count. 

b. Single platform assays: The flow cytometer is used on its own to obtain the percentage 

of CD4+ T cells and/or absolute CD4+ T cell counts. 

Dedicated cytometers 

These are designed to exclusively perform absolute CD4+ and CD8+ T cell counts without a 

haematology analyser. These are simpler to operate and cheaper than automated flow 

cytometers but are more rigid in terms of assay and reagent choices. The running costs can also 

be high yet the sample throughput can be lower than in automated methods. The FACSCount 

is the only dedicated cytometer that has been validated and widely used (Wade et al,. 2014).  

 

Currently, CD4+ T cell testing is done using flow cytometry, which is considered the gold 

standard for CD4 testing. In many parts of the world flow cytometry such as the BD FACS 

Count or BD FACS Calibur, PARTEC Cyflow or GUAVA platforms are used (Mwau et al., 

2013; Manasa et al., 2007). The long turn-around times of these platforms delay clinical 

decision making and put an extra burden on patients who have to make numerous visits to the 

health facility prior to being initiated on ART, resulting in patients lost to follow-up (Myer et 

al., 2013).  

 

PIMA POC CD4+ T cell testing 

The PIMA analyser is a promising device  in resource-limited settings, as it uses cartridges 

which have a long shelf-life and are stable in a wide range of climatic conditions (Mwau et al., 

2013). 

The PIMA analyser is a compact, automated machine weighing just 2.5kg. The Alere PIMA 

Analyser is powered either by a rechargeable battery, or can be run from mains A/C power.  It 

offers a one stop, same day result for absolute CD4+ T cell count in less than 20 minutes (Alere 
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HIV 2012). Consisting of the Alere PIMA Analyser  and Alere PIMA CD4 Cartridge, the Alere 

PIMA CD4 test enables CD4+ T cell analysis from a fingerstick or venous whole-blood sample, 

providing an effective and affordable tool in the management of HIV patients whilst at the 

clinic facility (Alere HIV 2012). 

1.1.8.3 Review of studies evaluating the performance of the PIMA 

Until  recently, there have been very few studies which have evaluated the performance of the 

PIMA analyser in CD4+ T cell enumeration.  A study  done in Kenya in nine health facilities 

that offer CD4+ T cell testing, evaluate a point of care (POC) testing using the PIMA analyser. 

These sites provided a range of socio-economic and climatic conditions, from rural, peri-urban 

and urban settings and temperatures ranging from 18ºC to 38ºC and humidity levels ranging 

from 25% to 75% (Mwau et al., 2013). A total of 1549 patients were recruited from the nine 

sites with at least 49.7% of these patients on ART. Venous and capillary blood specimens were 

collected from each patient and the venous blood was used for CD4+ T cell testing using flow 

cytometry. The capillary blood was used for CD4+ T cell testing using the Alere PIMA 

analyser.  

The coefficient of determination/correlation (CV) was 0.885 (Mwau et al., 2013) when 

comparing CD4+ T cell counts between the  BD FACS Count  and the BD FACS Calibur  from 

312 patients. There was  a mean bias of 76.5cells/µl suggesting that these 2 platforms are not 

interchangeable (Mwau et al., 2013). The sensitivity of the PIMA analyser was 89.6% and the 

specificity 86.7% in those who were 5 years and above (n=396) when compared to the BD 

FACS Calibur. When the threshold was lowered to 200 cells/µl, the sensitivity of the PIMA 

analyser was 86.7% and the specificity was increased to 94.12% (Mwau et al., 2013). 

Furthermore the PIMA analyser had a sensitivity of 79.4% and a specificity of 83.4% in those 

aged 5 years and above (n=822) when compared to the BD FACS count. In this comparison, 

the sensitivity and specificity were 83,0% and 98.2% respectively when the threshold was 

lowered to 200 cells/µl (Mwau et al., 2013).  

These authors concluded  that POC testing may not provide the same accuracy, sensitivity and 

specificity as the “gold standard”. The measurement of the precision of the PIMA analyser 

gave a coefficient of determination of 10.3%, which was found to be undesirable and also much 

lower than that of the FACS Count and the FACS Calibur. However, it was acknowledged that 

http://www.alere.com/ww/en/product-details/pima-analyser.html
http://www.alere.com/za/en/product-details/pima-cd4-cartridge.html
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POC testing may still provide CD4+ T cell count results to patients who may otherwise not 

have them at all. (Mwau et al., 2013). An encouraging finding in this study was that there was 

minimal bias using either capillary blood or whole blood samples on the  PIMA analyser, which 

makes the PIMA analyser ideal for use in a variety of settings. These authors concluded that 

by virtue of its nature, the PIMA analyser can also still expand access to CD4+ T cell count 

testing because it can be used in rural settings where there is no access to electricity. Clinic 

personnel can conduct CD4+ T cell count testing with minimal technical training (Mwau et al., 

2013). 

The results of the Kenyan study were vastly different from those conducted in India, to assess 

the utility of the PIMA analyser to enumerate CD4+ T cells. This research was done in 21 ART 

clinics across India between June and August 2011. Blood samples were collected from 1790 

patients and were tested using the PIMA analyser and the gold standard methods i.e. FACS 

Calibur, FACS Count and Cyflow SL3. Additionally 175  paired venous and capillary samples 

were collected for testing by both the PIMA analyser and the FACS Calibur (Thakar et al., 

2012). Inter-machine comparisons and repeatability of the CD4+ T cell counts were assessed 

using venous blood samples prior to distributing all machines to the 21 ART centres. The 

coefficient of variation was less than 10% for both fresh blood samples and for stabilized blood 

samples (Thakar et al., 2012).  The accuracy of the PIMA analyser at different CD4+ T cell 

levels was determined by comparing the median values obtained for different CD4 ranges by 

both the PIMA analyser and the reference analysers. A CV of less than 10% was considered to 

be acceptable for this analysis (Thakar et al., 2012). The data showed admirable correlation 

between the CD4+ T cell count results obtained by PIMA analyser and the reference gold 

standard analysers; with correlation coefficients of 0.983, 0.988 and 0.977 compared to the 

FACSCount, FACS Calibur and Cyflow SL3 respectively. The p value was less than 0.001 in 

all comparisons. The differences in the median CD4+ T cell counts counts obtained by the 

PIMA analyser and by flow cytometry were less that 0.05 and therefore not significant (Thakar 

et al., 2012).   

The sensitivity and specificity was measured to determine the clinical significance of the 

variations in the measured values in patients requiring ART. This was found to be 91% but also 

showed that most of the mismatched samples were between 320 and 380 CD4+ T cell counts. 

Comparison of the finger-prick with the venous sample were analysed using the same methods. 
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The study found that proper training of operators was necessary in order for finger-prick 

samples to be tested efficiently on the PIMA analyser  as samples of unsatisfactory volume 

gave doubtful results (Thakar et al., 2012). The conclusions in this study in terms of the 

suitability of the PIMA analyser for resource-limited settings and health centres with limited 

electricity supply were similar. This study did not indicate whether the analyses were 

performed in a wide range of climatic conditions or not, hence it is not clear if the performance 

of the PIMA analyser could be affected by climatic conditions.  

Another study looking at the performance of the PIMA analyser using capillary blood was 

evaluated in a multisite study where 300 patients were recruited, including HIV-infected 

patients as well as HIV negative patients for controls. Capillary blood samples were collected 

for CD4+ T cell count testing using the PIMA analyser and venous and capillary blood samples 

were collected for CD4+ T cell testing using both the PIMA analyser and FACS Count (Diaw 

et al., 2011). 

Similar CD4+ T cell counts were obtained  by the PIMA analyser and FACS Count using either 

HIV positive or HIV negative blood. However, venous blood performed better with a 

concordance co-efficient of 0,97 and a Pearson’s coefficient of 0,98 compared with capillary 

blood which had a concordance coefficient and Pearson’s coefficient of 0,88 and 0,89 

respectively (Diaw et al., 2011). 

In terms of the sensitivity and specificity for clinical decision making to start ART at 200 

cells/µl there was not much difference between the venous and capillary blood samples. The 

sensitivity of the PIMA analyser was 90% and 91% with a specificity of 98% and 96% for 

venous and capillary blood respectively. When the CD4+ T cell count threshold was increased 

to 350 cells/µl, the sensitivity of the PIMA analyser was 98% for venous blood and 91% for 

capillary blood, suggesting that the higher the CD4+ T cell count the lower the sensitivity of 

the PIMA when using capillary blood. The specificity was 79% and 80% with venous and 

capillary blood respectively. Furthermore, with the capillary samples there were 14% aborted 

analyses due to errors (Diaw et al., 2011). 

The findings of this study by Diaw et al., 2011 were  confirmed by the findings of the study 

conducted by Mwau et al., 2013. In both the studies the performance of the PIMA analyser was 

found to be substandard as compared to flow cytometry when the type of sample used is 
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capillary blood compared to a finger-prick. Of note, Mwau et al., 2013 did not assess the 

performance of the PIMA analyser using venous blood samples. In Mwau et al’s study venous 

blood samples were tested only with flow cytometry. 

The limitations of capillary testing with the PIMA analyser were also highlighted following a 

an evaluation of the analyser in South Africa. The aim of the study was to assess and report the 

performance of the PIMA analyser in adults, using venous blood in a controlled laboratory 

environment compared to using capillary blood sampling in a primary health care (PHC) clinic. 

Capillary sampling was standardised across all phases using the same lancet, herein referred to 

as “Lancet 1”. In phase 2B a different lancet, “Lancet 2” was used to assess whether the type 

of lancet had contributed to the poor performance observed in the previous phases.  (Glencross 

et al. 2012). 

The study was divided into 3 phases: 

Phase 1 was done to assess the baseline accuracy and sensitivity of the 4 PIMA analysers in a 

controlled laboratory environment. A venous sample volume of 20µl was pipetted into the 

PIMA cartridges. The reproducibility of the machines was evaluated using n=77 matched 

venous and capillary samples. Low and normal Immunotrol (IM) controls were tested every 

day for nine consecutive days. There was very good instrument precision with % CV’s of < 

2.5% (Glencross et al., 2012). 

Phase 2 was conducted in an antenatal clinic using 2 of the PIMA instruments validated in 

Phase 1. Testing was done using capillary sampling as per manufacturer’s instructions. One 

operator was trained to perform the tests in order to eliminate operator-related variations in the 

results.  A larger negative bias was observed. Loss of precision in relation to that seen when 

venous blood was tested by the PIMA and a wider % CV was seen. The CV’s for venous vs 

venous blood; capillary vs venous blood and  venous vs capillary blood were 6.7%, 23.3% and 

26.5% respectively (Glencross et al., 2012). 

Phase 3A comprised of field tests performed in two semi-rural, less resourced clinics in 

Limpopo. In this phase, finger pricks were performed and tests on the PIMA analyser  

conducted by multiple unspecified operators. Additional venous samples were drawn for CD4 

testing using flow cytometry. Although poorer sampling testing performances were noted at 
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these sites, bead precision for low and high controls was noted with a CV of 2.88% (Glencross 

et al., 2012). 

Of the 111 samples that were collected in phase 3A, 8 were clotted and could not be tested, 7 

had invalid PIMA analyser results. In the final analysis of the 96 matching samples, significant 

differences to predicate reporting and very wide limits of agreement, particularly in the very 

clinically significant ≤350 cells/µl range, were found. Further analysis of the results in this 

group revealed that 10 out of 32 patients would not have been initiated to ART if tested by the 

PIMA analyser. Furthermore 23,5% of patients with CD4 counts between 350  cells/µl  - 500 

cells/µl would have missed the opportunity for pre-ART intervention, as they had higher CD4 

counts by the PIMA analyser (Glencross et al., 2012). 

Phase 3B was conducted in an inner city clinic in Johannesburg. Two nursing assistants 

conducted the tests. Additional venous samples were drawn for testing using flow cytometry. 

The operators were given additional manufacturer-driven training to assess if that would 

improve the poor performance of the PIMA analyser observed in the previous phase. The 

results in this phase were in sharp contrast with those obtained in phase 3A. Less bias and 

tighter limits of agreement variations were observed, irrespective of whether lancet 1 or lancet 

2 was used. The additional training produced better results but venous blood still yielded better 

CD4+ T cell  count results than capillary sampled blood (Glencross et al., 2012). 

Capillary sampling for use with the PIMA analyser has been proven to produce less than 

desirable results. (Mwau et al., 2013; Thakar et al., 2012; Diaw et al., 2011 and Glencross et 

al., 2012). However Glencross et al. commented that the challenges with capillary sampling 

are widespread and not just unique to the PIMA analyser. In their study Glencross et al. have 

successfully eliminated other possible causes of poor performance by the PIMA analyser, such 

as the type of lancet. They further argue that the type of sample per se should not affect the 

performance of the PIMA analyser as venous blood is not expected to be different from 

capillary blood with regard to haematological values. Therefore having excluded most other 

possible causes of poor precision,  they have concluded that the quality of the sample is most 

likely the reason for the poor performance of the PIMA analyser, along with the lack of proper 

quality control and lack of attention to testing protocol in PHC (Glencross et al., 2012). 
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Glencross et al. highlights the general lack of understanding of the differences between a 

“finger-prick” and capillary sampling in PHC’s; that the sampling that is required for the PIMA 

analyser is different from that required for other PHC tests such as the rapid HIV test. The 

authors emphasize the importance of re-enforcing the differences between these techniques as 

well as strict adherence to the instructions of the manufacturer when using the PIMA analyser 

in order to ensure accuracy and precision of the instrument. Quality control of the capillary 

bleed is suggested as being crucial in order to overcome the challenges related to POC testing. 

Using venous blood instead of capillary sampling is further presented as a viable option in  this 

study (Glencross et al.,2012). 

While this was not part of their research study, Glencross et al. further claim that the use of the 

PIMA analyser at the POC may be less cost-effective, compared to using conventional flow 

cytometry (Larson et al., 2012a) provided a cost analysis using data from a South African 

program implemented during 2010 in Gauteng Province in which POC was piloted using the 

PIMA analyser. The run-of-the-mill cost per CD4+ T cell test performed by the mobile HIV 

Counselling and Testing (HCT) program using the PIMA analyser was $23.76 yet laboratory-

based testing was estimated at $7–8 per test (Larson et al., 2012a). Although POC technology 

may lead to better clinical outcomes by providing rapid results and be cost-effective the focus 

should also include improving sequential steps in the continuum of HIV (Hyle et al, 2014). The 

economic and clinical impact of providing POC testing was evaluated using a simulated cohort 

of 2 million patients. This analysis made by Hyle el (2014) suggests that although performance 

characteristics of a new diagnostic test are a high priority, the impact of POC on health sytems 

and linkage to HIV care significantly outweighs the effects of the performance chracteristics 

of a diagnostic test within narrow ranges. The goal of immunological staging is to accelerate 

linkage to care for those who require it for better clinical outcomes even if some patients are 

misclassified (Hyle et al, 2014). The PIMA POC analyzer received a score of 4.0 when an 

objective and standardized scorecard was used to assess the operational specifications of POC 

diagnostic tests currently available. Characteristics of the devices that were assessed included, 

but not limited to portability, electrical requirements, result storage, quality control 

requirements and operator skills required (Lehe et al, 2012).  
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1.1.8.4 Review of studies showing the importance of providing timely 

CD4+ T cell results 

The realization of the NSP goals requires a scale-up of services in the health sector such as 

early HIV diagnosis and linkage to care as well as access to treatment.  

Loss to follow-up of diagnosed patients is a significant challenge which often results in patients 

presenting late to hospitals with low CD4+ T cell counts and subsequent high morbidity and 

mortality. Loss to follow-up of HIV positive patients following diagnosis can exceed 50% in 

some low-income settings (Jani et al., 2011). 

Challenges with returning to the healthcare facility resulting in loss to follow-up include: 

distance from healthcare centers, male gender, referral by 3rd parties, psychosocial factors and 

undocumented death rates. In South Africa, CD4+ T cell count results become available within 

1 week. This is due to the fact that CD4+ T cell testing takes place at an off-site laboratory 

(Faal et al., 2011). 

 

This finding was concurred by two studies conducted in Durban which also cited a prior history 

of tuberculosis as an additional risk factor for loss to follow up. This study found that the more  

risk factors a patient has, the more likely the patient will be lost to follow-up. Patients with 1, 

2 or 3 risk factors were found to be 1.88, 2.50 and 3.84 times respectively more likely to be 

lost to follow up , prior to treatment initiation when compared to patients with no risk factors 

(Losina et al., 2010). 

 

Nearly half the patients infected with HIV failed to have CD4 staging following an HIV 

diagnosis in 2 prospective cohort studies in KwaZulu Natal, a province with the highest HIV 

prevalence in South Africa. The primary objective of the studies was to determine the 

predictors of pre-treatment loss to care (PTLC), which was defined as failure to undergo CD4 

staging within 8 weeks of receiving an HIV diagnosis (Losina et al., 2010). 

In a similar study also conducted in Durban, South Africa, from July to December 2006, about 

45% of patients were found to have been lost to follow-up in the first year following ART 

initiation. ART eligibility was defined as a CD4+ T cell count of ≤ 200 cells/µl. Patients who 

did not initiate treatment within 3 months were contacted telephonically and correlates of loss 

to care were evaluated using logistic regression. The delay from CD4 count to ART training 
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and treatment initiation, even among those with the lowest CD4 counts, was found to be the 

main stage at which loss to follow-up was occurring (Basset et al.,  2009). 

 

Contrary to this, Rosen et al. 2011 conducted a systematic review to ascertain the exact stage 

at which patients testing HIV positive in PHC’s are being lost. Retention in HIV care was 

categorized into 3 stages:  

 

Stage 1: From HIV testing to receipt of CD4+ T cell count results or clinical staging  

Stage 2: From staging to ART eligibility 

Stage 3: From ART eligibility to ART initiation (Rosen et al., 2011) 

 

Although, there has been a few studies that have followed up patients through all the stages, 

the average retention in Stage 1 was 59% (35%–88%); Stage 2, 46% (31%–95%); and Stage 

3, 68% (14%–84%), showing  that most patients were lost at stage 2 (Rosen et al., 2011). 

However, the retention rates at stage 3 varied greatly between studies, with some studies 

reporting retention rates as low as 14% and some as high as 84% (Rosen et al., 2011). 

Another observational study conducted in Khayelitsha, South Africa (Patten et al, 2013), to 

assess the impact of providing POC testing on ART initiation found that when POC testing 

was introduced, 90% of patients were assessed for ART eligibility with 50% initiating ART as 

opposed to 67% and 40% assessed for and initiating ART respectively, prior to the introduction 

of POC testing. While these findings were not statistically significant, the authors argue that 

not providing patients with immediate CD4+ T cell count results leaves patients with 

uncertainty regarding their prognosis and without the knowledge of their need to be initiated 

on ART, they may prefer to ignore their HIV positive diagnosis. Awareness of the progression 

of one’s HIV disease may lead to better uptake of ART before becoming severly 

immunocompromised.  

 

These studies have highlighted the urgent need for shortening the time taken for HIV positive 

patients to be linked to care, however, due to the fact that there has not been many studies on 

retention in pre-ART care and factors determining pre-ART retention,  it remains unclear which 

groups might benefit most from any directed supportive intervention (Rosen et al., 2011). The 

results by Rosen et al. were supported by a study conducted in Hlabisa which reported that 
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retention is poorest in younger individuals and those who are in early stages of HIV disease 

who are not yet eligible for ART (Lessells et al., 2011). 

Gender has also been shown to play a role in linkage to HIV care and management. In 2009, a 

study conducted in Gugulethu, Cape Town, revealed that men generally enter ART programs 

later than women and with more advanced disease. This was attributed to the fact that in SA, 

ART in the public sector is offered through PHC’s and that because PHC’s mostly cater for the 

needs of women, men may be disadvantaged by this in resource-limited settings (Cornell et al.,  

2009). 

There have been several  studies which have gone a step further to assess the value of providing 

immediate CD4+ T cell count results by introducing POC CD4 testing to address these 

challenges. 

A pilot study conducted in a mobile HCT clinic in Johannesburg from May to October 2010 

documented the outcome of integrating POC testing using the PIMA analyser to improve 

linkage of HIV positive patients to care. 3 outcomes were analyzed: 1) Assignment to testing 

group, 2) Successful follow-up, and 3) Completion of referral visit for HIV care 8 weeks 

following diagnosis.  In this study, out of 508 patients who tested HIV positive, 311 patients 

were offered the POC CD4+ T cell count test and 194 were not offered this, but offered the 

routine CD4+ T cell count test through the National Health Laboratory System (NHLS). 

Patients who were offered POC were found to be more likely to visit a referral clinic after 

testing, suggesting that providing rapid CD4+ T cell count results may improve linkages to 

care. (Larson et al., 2012b). 

The value of providing immediate CD4+ T cell counts to patients testing HIV positive at PHC 

clinics has also been demonstrated in a study conducted by Faal et al. in 2011. In this study 

344 HIV positive patients were recruited and randomized into 3 arms: 

a. Immediate receipt of CD4 results n = 124 

b. Standard collection of CD4 results with written information (leaflet) n= 108 

c. Standard collection of CD4 results only (Faal et al., 2011) n = 112 

 

The authors found that in the immediate provision of CD4 results arm, 43 patients were eligible 

for ART at the time of testing. Provision of immediate CD4+ T cell count results led to more 
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people reporting for ART initiation (65%). In this arm, 81 patients had CD4+ T cell counts > 

215 cells/µl and of this 81, only 38% patients reported for pre-ART. 

 

In the leaflet arm, 35 patients were eligible for ART at the time of testing and of these patients 

only 37% initiated ART. A total of 72 patients had CD4+ T cell counts > 215 cells/µl and of 

these patients, 33% reported for the pre-ART program.  

In the standard collection arm, 36 patients were eligible for ART at the time of testing but of 

the 36 patients, only 25% reported for ART initiation. A total of 67 patients had CD4 counts > 

215cells/µl and of these 67 patients, only 42% reported for pre-ART (Faal et al., 2011). 

Although the evidence for the impact of POC CD4+ T cell count testing on linkage to HIV care 

and treatment after HIV testing is limited, it is nevertherless positive (Larson et al., 2013). 

1.2. TUBERCULOSIS (TB) 

1.2.1 Epidemiology 

TB is a major health problem. The current global picture of TB indicates that there is continued 

progress and that the incidence of TB has been falling in all six WHO regions but the rate of 

decline is not fast enough (WHO Global tuberculosis report, 2013). An estimated 8.6 million 

people developed TB in 2012 globally and about 1.1 million were HIV positive. Of the people 

diagnosed with TB in 2012, 1.3 million died from the disease. About 75% of these cases were 

in the African region. Globally, in 2012, there were 450 000 recorded cases of MDR-TB 

resulting in about 170 000 deaths (WHO, Global tuberculosis report, 2013). 

The number of TB infections among children under the age of 15 was estimated at 530 000 

cases globally, with 74 000 TB deaths among HIV negative children (WHO, Global 

tuberculosis report, 2013 ). 

In 2012, about 410 000 women died from TB and 160 000 of those women were HIV positive. 

TB remains among the top 3 killers of women globally. The majority of TB cases were found 

in South-East Asia (29%), Africa (27%) and Western Pacific (19%). India and China also 

accounted for 26% and 12% of the cases, respectively (WHO, Global tuberculosis report, 

2013). 
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The African continent had approximately one quarter of the world’s TB cases in 2012. The 

cases and death rates relative to population in the African region were among the highest in the 

world, with 255 incident cases per 100 000. 

In South Africa, out of a country population of 52 million, there were 296 996 new TB 

notifications in 2012, and 52 586 cases of re-treatment bringing the total to 349 582 TB case 

notifications. Of these cases, 37 310 cases were tested for Multi-Drug Resistant (MDR) TB, 15 

419 were confirmed as MDR-TB but only 6 494 patients were put on treatment for MDR-TB. 

The national budget for the TB program was USD 475 million. The program is mostly funded 

domestically, with only 3% of the funding obtained internationally (WHO, Global TB report, 

Country profiles, 2013). 

Credit: World Health Organisation country profiles, 2013 

The province of KwaZulu Natal (KZN) is the epicenter of the HIV and TB co-epidemics in 

South Africa, with a TB notification rate of 1094 cases per 100 000 population. A study was 

conducted by Wallengren et al., 2011, following the 2005 outbreak of extremely drug-resistant 

TB (XDR-TB) in KZN, South Africa. Laboratory records from 2 laboratories in the province 

were analyzed. All samples from 2001 to 2007 from patients with MDR-TB were tested for 

susceptibility to 2nd line anti-TB drugs to determine the number of MDR-TB and XDR-TB 

cases in each health district. The study found that in 2007, a total of 2799 cases of MDR-TB 

Figure 1: Rate of TB infections per 100 000 population per year 
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were identified in KZN and MDR-TB accounted for 2.3% of cases in the province (Wallengren 

et al., 2011). 

In addition, the study found that MDR and XDR-TB cases spiked in 2007. A 10-fold increase 

was seen between 2001 and 2007, from 216 to 2799 cases of MDR-TB and from 6 to 270 cases 

of XDR-TB. The district most affected were the Umkhanyakude and Umzinyathi districts, with 

rates of 57 and 48 cases per 100 000 population. This reported MDR-TB incidence rate is 

among the highest in the world (Wallengren et al., 2011). 

 

1.2.2 TB and HIV Co-infection 

 

There are over 1 million people co-infected with HIV and TB worldwide. The burden of the 

twin epidemics is the highest in Sub-Saharan Africa (WHO 2014b). The emergence of HIV in 

the 1980’s changed the epidemiological profile of TB globally (Lemos et al., 2008). 

In 2010, there were 8.8 million new cases of TB of which 12-14% were also infected with HIV. 

Africa accounts for 82% of TB cases among HIV infected people.  In 2010, 5 countries with 

the highest number of TB cases were India, China, South Africa, Indonesia and Pakistan (WHO 

2014b). 

The weak health systems and policies in these countries have been cited as the main obstacles 

in achieving access to TB care. In South Africa, the collision of the two epidemics has been 

linked with the pre-1994 history of South Africa. The political, economic and land restriction 

policies gave rise to migrant labourers, overcrowding, and the resultant unsanitary hostels and 

slums, causing the spread of diseases particularly amongst black people in South Africa, e.g 

TB from mining. This has led to South Africa, a middle income country, having worse health 

outcomes than some of Africa’s low-income countries (Coovadia et al., 2009). 

This analysis is concurred by Karim S. et al. 2009, adding that lack of political will and poor 

implementation of policies and programmes post-1994 have led to HIV and TB being one of 

the greatest challenges that South Africa faces.  

The hypothesis that migrant labourers and their partners are at risk for HIV infection was 

hypothesized in a study conducted in Hlabisa and KwaNongoma, KwaZulu Natal, between 
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October 1998 and November 2000. A total of 196 migrants  and 130 of their rural partners 

were recruited and compared with 64 non-migrant men and 98 women with non-migrant 

partners. The results showed that 25.9% of migrant men were infected with HIV as compared 

to 12.7% of their non-migrant counterparts. Amongst women, being a partner of a migrant man 

was found not to be a risk factor but having multiple partners and the presence of other sexually 

transmitted diseases were found to be the risk factors in this group (Lurie et al., 2003). 

Diedrich et al. 2011, provided an explanation of the immunological events which explains how 

HIV manipulates TB disease progression and vice versa. In their review, the authors put 

forward several hypotheses on the immunological relations of the two infections. One of the 

hypotheses is the effect that HIV has on the TB granuloma. The general presumption is that 

HIV reduces the number of CD4+ T cells within the granulomas, which are the key cells 

required for the containment of TB within the granulomas (Diedrich et al., 2011). 

Another hypothesis is that HIV replication is often increased at the sites of TB infection and 

that this reduces the ability of the host to contain  TB infection. The target cells for HIV are 

CD4+ T cells and macrophages, which also happen to be the major components of the 

granuloma. In their review, Diedrich et al. 2011, cite several studies which have presented 

conflicting evidence on whether M. tuberculosis influences HIV replication, with some studies 

reporting increases (Goletti et al., 1998; Hoshino et al., 2007; Hoshino et al., 2002) and some 

reporting decreases in viral replication (Goletti et al., 2004; Diedrich et al., 2011).  

A different premise presented by Diedrich et al. 2011, is that the ability of HIV to manipulate 

macrophage function inhibits the killing of M. tuberculosis. The alveolar macrophages can be 

reservoirs for both HIV and M. tuberculosis and are also the first cells to be infected with M. 

tuberculosis. Monocytes migrate to the lungs following entry of the TB tubercle into the lungs 

and separate into different macrophages. These macrophages are susceptible to HIV infection 

as well as M. tuberculosis infection. It is postulated that HIV infects (HLA-DR) alveolar 

macrophages (CD14 + CD36+) as well as lymphocytes (CD26+), in the pleural fluid or airway 

of individuals coinfected with HIV and TB, thereby disrupting the function of M. tuberculosis-

infected macrophages leading to the dysfunction of granulomas (Diedrich et al., 2011). 
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1.2.3 Diagnosis of TB 

A patient who was or is in contact with someone who has infectious tuberculosis and has the 

following symptoms is most likely infected with TB. The following criteria are used to screen 

for suspected TB: 

a. Persistent cough for more than 2 weeks (every patient presenting with this symptom 

should be regarded as a “TB suspect” 

b. Production of sputum which may be blood-stained 

c. Chest pain and short breath 

d. Malaise 

e. Tiredness 

f. Fever and night sweats 

According to the South African National TB Program 2004.  

Sputum collection, labeling, storage and transport 

a. All TB suspects should have an examination of their sputum samples. At least 2 sputum 

specimens should be taken from a TB suspect 

b. First specimen - this is a “spot specimen”, obtained immediately after a patient has a 

bout of coughing. This specimen is collected under the supervision of a healthcare 

worker 

c. Second specimen – the patient is given a sputum container to collect an early morning 

specimen at home 

d. The sputum container is labeled with the details of the patient, the date, the appearance 

of the sample and labeled with whether the sample is a pre-treatment, follow-up or end-

of-treatment sample 

e. Sputum is stored in a fridge if not transported immediately 

f. If transported, the sputum should be transported in a cooler bag, as high temperatures 

may kill the bacilli 
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The approach to testing for TB depends on whether the aim is to diagnose active or latent disease. 

Active disease should first be excluded before an infection can be diagnosed as latent (Konstantinos 

2010). 

 

1.2.3.1 Laboratory methods used for TB testing in the diagnosis of TB. 

Non-Molecular techniques 

Table 1: Overall comparison of advantages and disadvantages of non-molecular 

methods of TB testing 

Methods Advantages Disadvantages 

S
ta

in
in

g
 

Ziel-Neelsen (Z-N) 

(Kommareddi et al., 1984) 

More specificity 

Faster than the culture 

method 

Less sensitivity than the AO 

stain 

Less sensitivity in immuno-

compromised patients 

Auramine O (AO) 

(Kommareddi et al., 1984) 

Simpler than the Z-N stain 

Faster screening 

Greater sensitivity 

Greater predictive value of 

a negative result 

Less specificity than the Z-N 

stain 

 

 

C
u

lt
u

re
 

  

-Lowenstein Jensen medium 

-Middle Brook 7H10/7H1 

 

(South African National Tuberculosis 

Programme 2004) 

 

More sensitive than smear 

microscopy 

 

Higher specificity 

 

Slow diagnosis – May take up 

to 4 weeks to obtain result 

Expensive and not accessible 

to all patients 

Molecular techniques: 

Gene Xpert MTB/RIF 

The Gene Xpert test is a fully automated nucleic acid amplification test for the simultaneous 

detection of MTB and resistance to rifampicin. It produces results in 2 hours and has high 

sensitivity in detecting TB in smear negative specimens (Cepheid, 2010 Sunnyvale, CA, USA.) 

1.2.3.2 The need for rapid TB diagnosis 
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In order to appropriately manage HIV patients, not only are the CD4+ Tcell counts required 

but also the TB status. TB diagnosis, as discussed earlier, is difficult, particularly in HIV-1 

infected individuals with low CD4+ T cell counts and therefore there is an urgent need for POC 

TB testing. 

Until recently, there have been no rapid tests for TB diagnosis or its drug-resistant forms. This 

has posed a major challenge to the improvement of healthcare and the reduction of the global 

burden of TB (Boehme et al., 2011).  

Only 30 000 of the 500 000 cases of MDR TB are diagnosed and reported, leading to 

perpetuation of TB disease through nosocomial and community transmissions (Boehme et al. 

2011). In PHC clinics, smear microscopy is often performed for TB diagnosis, however, it 

misses 40-60% of TB cases and does even worse in patients with advanced HIV disease 

(Theron et al., 2013). 

Effective diagnosis of TB requires standardized and vigorous, easy-to-use diagnostic tools that 

would allow rapid detection of TB and resistance to key antibiotics such as Rifampicin. The 

Gene Xpert MTB/Rif is an ideal machine to perform the above-mentioned functions (Chang et 

al., 2012). Several studies demonstrated high sensitivity and specificity using the Gene Xpert 

MTB/Rif in the diagnosis of TB (Boehme et al., 2011; Held et al., 2014; Rachow et al., 2011; 

Theron et al., 2011; Nicoll et al., 2011). Although the Gene Xpert MTB/Rif has been endorsed 

by WHO as the initial diagnostic test for MTB drug resistance and HIV-associated pulmonary 

TB, the use of the Gene Xpert in PHC clinics has not been evaluated (Lawn et al., 2013). 

The feasibility and clinical effect of the Gene Xpert MTB/Rif was demonstrated in a 

multicentre, randomised, controlled trial conducted in South Africa, Zimbabwe, Zambia and 

Tanzania. Patients who had one or more symptoms of pulmonary TB as per the WHO criteria, 

were enrolled and randomly assigned to have their sputum tested using either the Gene 

Xpert/Rif or smear microscopy (Theron et al., 2013). The study found that the use of the Gene 

Xpert MTB/Rif did not reduce MTB-related deaths, however the use of the Gene Xpert 

MTB/Rif was found to be feasible for a PHC setting. An important finding in this study was 

that the Gene Xpert MTB/Rif allowed not only for same-day MTB diagnosis but also for same-

day treatment initiation and  an increase in the number of patients who initiated treatment, 

mainly because of the higher sensitivity and specificity of this machine, compared with smear 

microscopy (Theron et al., 2013). 
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CHAPTER 2 – STUDY OBJECTIVES  AND METHODOLOGY 

Conventional flow cytometry to determine CD4 counts usually requires that samples be sent to 

a central laboratory, which may be off-site. This could have significant consequences for the 

timing of initiation of treatment based on CD4 count, which could in turn influence the health 

of patients. A comprehensive and holistic approach to combating the HIV epidemic in South 

Africa will necessarily include the treatment and management of tuberculosis (TB), which is a 

serious cause of morbidity and mortality in HIV-1 infected people. The confirmatory test 

widely used in countries where TB is endemic is smear microscopy; however this test has low 

sensitivity and takes weeks to obtain the results. There is thus a strong indication for the use of 
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rapid tests in settings where a prompt reaction to test results may have a significant impact on 

the spread of TB and on co-morbid conditions such as HIV. 

 This study originally therefore set out to evaluate and compare two point-of-care tests viz 

PIMATM POC for the enumeration of CD4+ T cells and the GeneXpert for TB diagnosis against 

the standard routine NHLS (Beckman Coulter) and smear microscopy). The aim was to 

determine the accuracy, sensitivity and specificity PIMATM POC analyser as a predictor of 

ART eligibility and the GenXpert for TB diagnosis in our hands for future implementation in 

a PHC setting. 

2.1 SPECIFIC OBJECTIVES 

 

Main Objectives 

a. To measure the agreement between the PIMA analyser and NHLS PLG/CD4 

(n=268). 

b. To assess the potential operational role of using the PIMA CD4+ T cell count as 

compared to the NHLS PLG/CD4 as a predictor of ART eligibility.  

c. To analyse the correlation and bias between the FACS Calibur, National Health 

Laboratory Services (NHLS) PLG/CD4 and the PIMA analyser using a subset of 

100 whole blood patient samples.  

d. To perform quality control procedures on the 3 PIMA analysers by measuring the 

precision and reproducibility of the analysers using stabilized whole blood quality 

control material (Immunotrol (IM)  low and normal values); reusable bead-filled 

cartridges with pre-defined CD4+ T cell counts, (low and normal values); patients’ 

whole blood samples; and patient blood samples left overnight.  

e. To determine the number of HIV infected individuals who return for their NHLS 

PLG/CD4+ T cell count result against those who are lost to follow up between ART 

eligibility and initiation. 

Secondary Objective 
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f. To compare the Gene Xpert and smear microscopy results done in the NHLS 

laboratory and the Gene Xpert and culture done in the TB Biomedical Research 

laboratories,  and time to linkage to care from diagnosis. 

 

2.2 STUDY DESIGN 

This is an experimental study comparing 2 different POC tests with conventional 

methodologies. 

Sample size calculation was carried out using Stata V12 (StataCorp, 2011).  It was determined 

that a sample size of 254 HIV positive patients would be required to detect a difference of 15 

cells/µl between the results of the PIMA analyser POC and the conventional test with 95% 

probability and 80% power, assuming the standard deviation (SD) of difference in means is 85.   

In order to allow for potential problems with samples, the sample size was increased with an 

additional 14 patients giving a total sample size of 268. 

The assessment of the Gene Xpert test was based on the sensitivity of the test compared to the 

gold standard of culture.  The measure of sensitivity was based on the number of patients with 

definite TB found among patients surveyed.  It was determined that a sample size of 110 

patients with definite TB was required to estimate the sensitivity of the Gene Xpert test to 

within 7% with 95% probability assuming a sensitivity of 84%.  Depending on the prevalence 

of TB in the sampled community, the number of patients needed to be screened could range 

from 138 (prevalence = 80%) to 185 (prevalence = 60%) - the sample size was therefore set at 

the upper limit of n=185. 

 

2.3 STUDY SITE 

The study took place at Lancers Road clinic, a busy primary healthcare clinic (PHC) under the 

jurisdiction of the eThekwini Health Unit.  The Lancers Road PHC, is located in the hub of the 

city of Durban where all transportation routes merge, with an estimated 350,000 commuters 

passing through it daily. About 900 patients undergo HIV counseling and testing (HCT) per 

month, with an HIV prevalence, in the non-pregnant population, of approximately 20%. Hence 
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the geographic coverage of this study is the surrounding Durban functional region with a radius 

of 50 kilometers. 

This PHC facility offers HCT to walk-in patients who receive pre- and post test counselling, 

emphasizing the importance of CD4 testing for the staging of HIV-1 disease to determine 

eligibility for ART. Patients who test HIV-1 positive are encouraged to undertake the standard 

CD4 testing immediately after post-test counselling by a venipuncture blood draw by a 

counsellor-trained phlebotomist. Patients are advised to return to the clinic after 2-5 days for 

their CD4 test result. Patients with a CD4+ T cell count ≤350 cells/µl upon returning for their 

results are medically assessed, and education and counselling undertaken prior to ART 

initiation as per South African HIV and AIDS guidelines (KZN Department of Health, 2013). 

Those not eligible for ART with CD4+ T cell counts > 350 cells/µl but ≤500 cells/µl are 

counselled to return to the clinic after 3 months for CD4+ T cell count re-testing. Patients with 

CD4+ T cell counts >500 cells/µl are counselled to return to the clinic at 6 months for a new 

CD4+ T cell count and for further medical assessment. Patients eligible for ART who did not 

return for the CD4 test result were contacted telephonically to ascertain whether they had been 

initiated on ART and if not, they were encouraged to return for further care and management. 

 

2.4 STUDY POPULATION 

The study population consisted of a convenience sample of HIV infected adults who presented 

to the Lancers Road PHC in Durban. A total of 268 patients were recruited between January – 

July 2013. The following information was collected for each patient: Clinic number, gender, 

contact details, telephone number, and identification document number. 

2.4.1 Inclusion Criteria 

a. HIV infected adults 

b. Willing and able to provide informed consent for samples to be tested 

2.4.2 Exclusion Criteria 

a. HIV uninfected 



48 
 
 

 

b. Pregnant 

c. Children under the age of 18 years 

 

 2.5 APPROVALS 

Approval was obtained from University of KwaZulu-Natal Postgraduate Committee 

(Appendix 1) to conduct the study.  Ethical approval for the study was obtained from the 

Biomedical Research Ethics Committee (BREC) - reference number BE212/11 (Appendices 

II and III) and the eThekwini Municipality Health Unit Research Committee (Appendix IV).  

All study participants signed written informed consent to participate in the study (Appendices 

V and VI – Informed consent documents, English and isiZulu respectively). 

2.6 LABORATORY METHODOLOGY 

 

2.6.1 Testing of Blood Samples 

Routine CD4+ T cell enumeration is conducted at the Addington South African National Health 

Laboratory services (NHLS) one day after the blood draw via Beckman Coulter flow cytometry 

using panleucogated (PLG) methodology, the standard of care in this setting  (Glencross et al., 

2008; Myer et al., 2013). An extra 2 millilitres of blood was drawn from the same blood draw 

as for the routine CD4+ NHLS PLG/CD4 test into another EDTA tube for the comparison of 

the enumeration of CD4+ T cells using the Alere PIMA technology (Alere Health Care, 

Waltham, Massachusetts) versus the NHLS PLG/CD4-laboratory from January – July 2013. 3 

PIMA analysers were used for this study. Originally the Alere PIMA analysers were to be 

placed at Lancers Road PHC clinic. However because the Overport PHC clinic merged with 

Lancers Road due to flooding and reconstruction , there was no extra room for us to place the 

PIMA analysers. They were therefore placed at the MRC Research laboratories where I 

performed all the CD4 testing using the PIMA cartridges. Furthermore the protocol did not 

allow for the provision of the PIMA POC CD4 test result to the client only the NHLS PLG/CD4 

test result was used for clinical decision making. 

2.6.2 Quality Control / Precision of Instruments 



49 
 
 

 

The use of daily quality control bead filled cartridges and routine PIMA analyser maintanance 

was followed as per manufacturer’s guidelines. 

The precision and reproducibility of CD4+ T cell counts of the 3 PIMA analysers were 

measured using stabilised whole blood Beckman Coulter quality control material (Immunotrol 

– IM - low and normal); PIMA reusable bead-filled cartridges with pre-defined counts (low 

and normal); patients’ whole blood; and patient blood left overnight.  

a. Beckman Coulter whole blood quality control material, IM low (62-206 cells/µl) and 

normal (394-754 cells/µl) was tested on each PIMA analyser for ten consecutive days.  

b.PIMA low (115-235 cells/µl) and normal (719-1355 cells/µl) using re-usable bead 

cartridges as specified by the manufacturer was performed for the first ten measurements 

when a new cartridge was used as well as over a period of 165 days (23 January -25 

March 2014).  

c. The reproducibility of CD4+ T cell counts between the 3 PIMA analysers using whole 

blood (n=21) was also assessed. 

d.Since the NHLS performs CD4+ T cell counts on the next day after blood draw due to 

transport and logistsics, whole blood samples were tested by PIMA analyser and the same 

sample was left overnight for testing again the next day on the same PIMA analyser. This 

allowed detection of any difference in CD4+ T cell counts done on the same day or kept 

overnight. A total of 30 samples were tested in this way.  

2.6.3 Comparisons of CD4+ T Cell Enumeration in Whole Blood in 3 

Different Instruments 

Comparisons of CD4+ T cell enumeration was undertaken between flow cytometry instruments 

(PIMA analysers and the NHLS PLG/CD4 on 268 blood samples). Due to transport logistics 

the NHLS PLG/CD4 laboratory performs CD4+ T cell enumeration the day after the blood 

draw. Therefore a subset of 100 blood samples were tested by PIMA analyser; FACS calibur; 

and the NHLS PLG/CD4 in order  to check if the differences observed between PIMA analyser 

versus NHLS PLG/CD4 was due to CD4+ T cell enumeration done on the next day on the 

NHLS PLG/CD4 test.  CD4+ T cell enumeration was assessed on the same blood sample on 

the same day using the FACS calibur as well as the PIMA analyser. 
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2.6.4 Predictions of Benefit of PIMA CD4 Results for ARV Eligibility and 

Linkage to Care 

Prediction of the potential benefits of the POC PIMA CD4 testing in terms of antiretroviral 

eligibility and decision making was undertaken. Additionally, an assessment was undertaken 

to determine whether HIV infected individuals return for their CD4+ T cell count result and 

how many are lost to follow up between ART eligibility and initiation. 

2.6.5 Gene Xpert Testing in Two Laboratories 

The comparison of routine testing for diagnosis of TB by the NHLS laboratory (Gene Xpert 

and smear microscopy) results with Gene Xpert and culture results done at the TB Biomedical 

Research laboratories was undertaken. We recruited 110 patients attending the Lancers Road 

PHC who were undergoing a screen for M. tuberculosis (TB). In these patients a second sputum 

sample was obtained at the same time as the sputum specimen that was sent for routine 

screening to NHLS, for smear microscopy and Gene Xpert. This second sputum specimen was 

sent to the MRC TB Biomedical laboratory for Gene Xpert testing and culture. These patients 

were only recruited for this part of the study and were not co-enrolled in the PIMA study. 

 

 

 

 

2.7 Non-Laboratory Test Principles 

2.7.1 The PIMA Test 

The PIMA CD4 test consists of a disposable test cartridge, containing dried reagents, and the 

PIMA analyser. A low sample volume of approximately 25 microliter (µl) capillary or venous 

whole blood was collected into the test cartridge, which was then capped. 

The PIMA test cartridge was then inserted into the PIMA analyser and the sample sealed within 

the cartridge and then processed. Once blood was applied to the PIMA cartridge, analysis was 
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performed within 15 minutes by insertion of the cartridge into the PIMA analyser. The 

detection window of the cartridge should not be touched prior to insertion of the catridge into 

the analyser. During the processing stage, data was recorded, analysed and interpreted using 

software embedded within the analyser. 

The PIMA analyser is factory calibrated and did not require any further calibration and 

verification operations. However, a daily quality control check using PIMA Bead Standard was 

recommended by the manufacturer. The PIMA Bead Standard was an external control material 

for daily quality control (QC) on the PIMA analyser and controls instrument setup and 

performance, and data analysis. It comprised of 2 ready-to-use test PIMA cartridges which 

contain pre-determined CD4+ T cell counts. The bead standards used were normal PIMA beads 

with pre-determined  CD4+ T cell range of 719 – 1355 cells/µl and low PIMA beads with a 

CD4+ T cell range of 115-235 cells/µl (www.alerepima.com).  

Credit: www.alere.com 

2.7.2 The Beckman Coulter Flow Cytometer 

The Beckman Coulter flow cytometer used IM cells which were positive process controls for 

flow cytometry made of stabilized human whole blood. They were assayed for lymphocyte, 

granulocyte and monocyte specific antigens and single platform absolute counts. Light scatter, 

population distribution, fluorescence intensity, and antigen density mimic those of whole 

blood. (Beckman Coulter 2014). The pre-determined CD4+ T cell ranges for IM were 394 - 

754 cells/µl for the normal control and 62 – 206 cells/µl for the low control. 

A cytosphere monocyte blocking agent was added to whole blood and incubated. A CD4 

cytosphere reagent was then added to the mixture. A blood-latex spheres mixture was pipetted 

Figure 2: The PIMA analyser 

http://www.alere.com/
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and lysed. The lysed mixture was loaded onto the system. The diameter of the cytospheres for 

Common Differentiation antigen reagent is different from the cytosphere monocyte blocking 

reagent. Therefore CD4+ T cells rosetted with antibody-coated latex beads can be distinguished 

from the monocyte rosetted latex beads due to their large latex sphere size (Shapiro 2005). 

 

Credit: www.beckmancoulter.com (2014) 

Instruction And Procedures 

Routine CD4+ T cell enumeration was undertaken in the Addington NHLS laboratory by the 

NHLS personnel. We requested the standard operating procedure followed, from the Head of 

the laboratory (Mrs R. Naidoo) but was declined as this was confidential information although 

we did re-iterate that this would be acknowledged in the dissertation.We then asked for a 

package insert but again was told that they do not receive a package insert with their reagents 

as they receive stocks from the central NHLS laboratory in Johannesburg. With the respect to 

the equipment we have included the pictures (XI-MCL and TQ Prep) that were given to us by 

the Addigton laboratory of the Beckman Coulter instruments that were used. For these reasons 

no methodology of CD4+ Tcell enumeration for the Beckman Coulter can be included. 

2.7.3 The FACS Calibur 

Principle: Immunophenotyping involves the identification and enumeration of targeted cells 

in whole blood samples using immune cell markers expressed by the cell. Fluorochrome-

labeled antibodies bind specifically to the leukocytes of the whole blood. The erythrocytes were 

Figure 3:  Beckman Coulter XI-MCL and TQ Prep instruments for enumeration of 

CD4+ T cells 
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lysed prior to flow cytometry analysis on a FACS Calibur flow cytometer (Becton Dickenson 

Immunocytometry Systems, San Jose, CA). 

When whole blood was added to the reagent, flourochrome-labelled antibodies in the reagent 

bound specifically to leucocyte surface antigens. During acquisition, the cells travel past the 

laser beam and scatter the laser light causing the stained cells to fluoresce. These scatter and 

fluorescence signals, detected by the instrument, provided information about the cell’s size, 

internal complexity and relative fluorescence intensity. 

MultiTEST reagents employ fluorescence triggering, allowing direct fluorescence gating of the 

lymphocyte population to reduce contamination of unlysed or nucleated red blood cells in the 

gate (Becton Dickinson 2014). 

 

            Credit: www.bdbiosciences.com 

Instruction And Procedures 

The one hundred samples that were tested on the FACS Calibur were tested as part of the 

routine sample testing done by the staff of the Durban MRC laboratory. 

Safety Issues: All blood specimens, reagents and controls were considered biohazardous and 

infectious. When working within the biosafety cabinets, a Howie lab coat including double 

gloves, were worn.  When using the FACS calibur a lab coat, gloves and eye goggles were 

Figure 4: The FACS Calibur 

http://www.bdbiosciences.com/
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worn when loading samples. The antibody reagents contain sodium azide as a preservative. 

The Lysing Solution contains diethylene glycol and formaldehyde. 

Sample preparation: The BD MultiTESTTM CD3 fluorescein isothiocyanate (FITC)/ CD8 

phycoerythrin (PE)/CD45 peridinin chlorophyll protein (PerCP)/CD4 allophycocyanin (APC) 

is a four-color direct immunofluorescene reagent used with the TruCOUNT Tubes which 

contains a freeze-dried pellet of fluorescent beads. This kit was stored at 4oC. 

  

 The antibody and the required number of TruCOUNT tubes were removed from the 

fridge and allowed to stand for a few minutes at room temperature. 

 A 1:10 dilution of working FACS Lyse solution was prepared (Appendix 2).   

 The TruCOUNT tube was labeled with the sample identification number and the date.  

 The antibody was vortexed for ~5 seconds and 20μL was pipetted into each of the 

TruCOUNT tube. The tube was gently tapped to allow the antibody to mix with the 

bead pellet.  

 The whole blood was then vortexed and 50μL was pipetted into the respectively 

labelled TruCOUNT tube.  The TruCOUNT tubes were capped, vortexed for ~3 

seconds.  The tubes were then covered with tin foil (to allow for the incubation for 15 

min at room temperature in the dark). 

 On completion of the incubation, 450μL of the working FACS Lyse Solution was added 

to each tube.  The tubes were capped and vortexed for ~3 seconds. The tubes were then 

covered with tin foil for 15 min at room temperature (to allow for the Red blood cells 

to lyse). 

 The remaining blood was kept in the BSC until the CD4 assay had been completed. On 

completion of the analysis, the samples were discarded appropriately. 

 

Internal quality control:  The IMMUNO-TROLTM cells from Beckman Coulter are an 

assayed, lysable whole blood quality control sample that was processed with every batch of 

test samples.  The IMMUNO-TROLTM cells provided optimization of the instrument settings 

and performance. 
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 Calibration of Equipment:   The CaliBRITETM Beads from Becton Dickenson was used to 

calibrate the FACS Calibur flow cytometer. Calibration allowed the photomultiplier tube 

(PMT) voltages and the fluorescence compensation to be set and also checked the sensitivity 

of the instrument. 

 

Analysis of samples: The samples were analyzed on the FACS Calibur flow cytometer with 

the MultiTEST SOFTWARE (version1.1.2). Manual gating of each sample was performed if 

necessary. A printout out for each of the test sample and control sample was generated.  

 

Cleaning and shutdown of the FACS Calibur Flow Cytometer: Once all the samples had 

been analysed, the flow cytometer automatically goes into a cleaning program. On completion 

of the cleaning cycle, the flow cytometer is depressurized and a worklist summary report was 

printed and filed. The analyzed samples were removed from the flow cytometer, capped and 

discarded into the biohazardous waste disposal buckets. The tube with distilled water was 

replaced so that the electrode was always kept wet. 

 

 

 

  



56 
 

2.7.4 Gene Xpert  as Performed at NHLS and MRC TB Biomedical Research Laboratories 

The figure below depicts the steps using the automated Gene Xpert MTB/RIF protocol and the Gene Xpert instrument 

 

                      

Credit: Cepheid 2010 

Cephid 

Figure 5: Gene Xpert instrument 
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2.7.5 Smear Microscopy  at the NHLS Laboratory 

Acid fast bacilli are Gram positive bacilli but stain very poorly and are seldom seen in a Gram 

stain. This is due to the lipid content of the cell wall. Phenol crystals present in the Carbol 

fushin, stain dissolves the lipid sufficiently to allow the stain to penetrate, forming  compound 

in the cell wall that is resistant to decolourising by acid/ alcohol. 

Such organisms are termed Acid fast bacilli. A counter stain stains the background material 

that is not acid fast – thus highlighting the any acid fast bacilli. 

The Ziehl Neelson stains are used routinely to stain all new specimens or to stain slides made 

from cultures and/or MGIT positive tubes. New smear stained by the Auramine fluorescent 

stain may thereafter be counter stained with ZN stain to confirm the presence of acid fast bacilli. 

 

Specimens 

The Ziehl Neelson stain was done on all smears made from specimens processed. Ziehl Neelson 

stain is also done on positive MGIT cultures and 7H11 cultures to confirm the presence of acid 

fast bacilli. 

Quality Control slides were performed with each batch using a known MTB strain (H37RV) 

as a positive control, and Escherichia coli (E.coli), a Gram negative bacilli, as a negative control 

together with a reagent control. Controls were processed in the same way as a specimen, and 

were done on a daily basis and when new reagents were opened. 

 

Instructions And Procedures 

Ziehl Neelson Staining Method is a carbol fuchsin acid-fast stain. 

1. MGIT slides ready for staining were removed from the biosafety cabinet and placed in 

a slide rack or a slide box in the order they were found on the slide warmer. 

2. The slide rack or box was placed on a trolley and wheeled to the main lab where the 

slides were stained. 

3. Slides previously stained with Auramine stain were transferred from the dark room to 

the staining bench in either a staining rack or slide box on a trolley. 

4. Slides with flooded with filtered Carbol Fuchsin (0.3%) and left for 5 minutes. 

5. Using a staining rod wrapped with non-absorbent cotton wool around an end, it was 

dipped in water to prevent soot being deposited on the underside of the slide. 

6. Cotton wool was dipped in 70% alcohol, ignited and heat wa applied to the under 

surface of each slide. 
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7. Slides were heated until steam rose from the carbol fuchsin. 

8. Slides were rinsed with distilled water, excess water was tipped off and decolorized 

with 3% acid alcohol for 2 minutes. Slides were rinsed again with distilled water and 

excess water tipped off. 

9. The slides were counter stained with methylene blue for 1 – 2 minutes, thereafter rinsed 

with distilled water. 

10. Stained slides were placed in a slide rack, and allowed to air dry in the hot room.  

11. Slides were examined under oil immersion at 100 x. 

 

Interpretation & Expected Results 

Acid Fast Bacilli appear as red rods. The background appears blue. 

The WHO/International Union Against Tuberculosis and Lung Disease (IUATLD) and 

national guidelines were followed as tabled below, for grading and reporting. 

It was recommended that a minimum of 150 fields and a maximum of 300 fields be observed 

when reading Ziehl Neelson slides. 

Quality Control expected results: 

Positive Control (H37RV ) – Must be positive + or greater 

Negative Control (Escherichia coli) – Must be negative – no Acid fast bacilli present 

Reagent Control – must be negative – no AFB seen  

 

GRADING REPORT 

<2 bacilli per 150 fields  Not detected  

2 – 9 AFB / 100 fields  Pos Scanty. Report actual number of AFB  

10 – 100 AFB / 100 field  Pos +  

1 – 10 / oil immersion field (50 fields)  Pos ++  

>10 / oil immersion field (20 fields)  Pos +++  
 

2.7.6. Culture  as performed at the MRC TB Biomedical Research laboratory 

Mycobacterium Tuberculosis (MTB) infection is confirmed by the isolation of tuberculosis 

from selective media containing antibiotic to prevent the overgrowth of contaminating 

organisms. Decontaminated sputa samples were inoculated into MGIT tubes which are 

incubated for 3 – 8 weeks allowing for the tuberculosis organism to grow. 
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2.8 STATISTICAL  ANALYSIS 

Statistical Methods 

The comparison of the mean CD4+ T cell count between PIMA analysers 1, 2 and 3 was 

assessed using ANOVA at low and normal lM respectively. The pairwise comparison of the 

PIMA analyser was conducted using unpaired t-tests.  The percentage co-efficient of variation 

(%CV) was computed for each PIMA analyser at low and normal IM.  

To assess the precision of the control cartridge at low and normal beads within each of the 3 

PIMA  analysers, the %CV was calculated for the 10 observations at low and normal beads.  

Lin’s concordance correlation coefficient was used to measure the correlation between 

observations on PIMA analysers 1 versus 2; 1 versus 3 and 2 versus 3. The reproducibility of 

each of the PIMA analysers on whole blood was assessed for 21 samples. Individual sample 

%CV and SD was computed. 

To assess the agreement between blood samples run on the same day and the same blood 

samples left overnight, the mean bias was computed and results were presented graphically. 

The percentage similarity model, Bland-Altman (BA) plots, limits of agreement (LOA) and 

Lin’s concordance correlation coefficient were used to assess agreement between PIMA 

analyser and NHLS PLG/CD4 in 268 samples.  

In a subset of 100 samples the same methodology as in the above paragraph was applied to 

assess the agreement between FACS Calibur versus NHLS PLG/CD4, PIMA versus NHLS 

PLG/CD4 and PIMA versus FACS Calibur instruments.   

To assess the diagnostic accuracy of CD4+ T cell counts by PIMA  analysers in identifying 

whether ART is required; sensitivity, specificity, positive predictive value (PPV), and  negative 

predictive value ( NPV) was computed for the ART initiation cut offs of ≤200 cells/µl; ≤350 

cells/µl and ≤500 cells/µl CD4+ T cells.  

Standard measures of the efficacy of a diagnostic test were used to assess the Gene Xpert test: 

sensitivity, specificity, negative and positive predictive values using culture as the gold 

standard.  A similar analysis was conducted looking at diagnosis of resistant TB.  Percentage 
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agreement was assessed between the Gene Xpert test, smear microscopy and culture.  Data 

were analysed using Stata V12 (StataCorp, 2011)  
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CHAPTER 3 - RESULTS 

3.1 Patient characteristics of HIV positive individuals undergoing CD4+ T 

cell count enumeration 

The majority (218/268) of HIV-positive individuals undergoing CD4+ T cell count testing were 

women in whom 28% were 25-29 years whereas the majority of males (36%) were in an older 

age category, 30-34 years (Table 2). There was no significant differences in the median CD4+ 

T cell count in males versus females performed by the NHLS PLG/CD4 versus the PIMA 

analyser POC although the median CD4+ T cell count was higher in the latter. Overall 

according to NHLS PLG/CD4 versus PIMA POC 61% versus 54% of HIV-positive individuals 

were eligible for ART initiation of whom 68% versus 62% were males and 60% versus 52% 

were females respectively. 

 

Table 2: Patient characteristics of HIV positive individuals undergoing CD4+ T cell 

count enumeration 

 
Female n=218 Male n=50 Total n=268 

Median age  (IQR), years 32 (26-37) 33 (30-40) 32 (27 – 38) 

18-24 39 (17.9%) 4 (8%) 43 (16.0%) 

25-29 54 (24.77%) 8 (16%) 62 (23.1%) 

30-34 46 (21.1%) 18 (36%) 64 (23.9%) 

35-39 44 (20.2%) 7 (14%) 51 (19.0%) 

>40 35 (16.1%) 13 (26%) 48 (17.9%) 

Median (IQR) NHLS CD4 count cells/µl         292 (184 – 453) 254 (151 - 387) 286 (176.5 - 444.5) 

Number  (%) NHLS≤350 cells/µl 130 (60%) 34 (68%) 164 (61.19 %) 

Median (IQR) PIMA CD4 count cells/µl 327.5 (204-451) 307.5  (179 - 419) 321.5 (204 - 449) 

Number (%) PIMA≤350 cells/µl 114 (52.3%) 31 (62%) 145 (54.10%) 
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Quality Control results 

3.2 Comparison  of the performance of the 3 PIMA analysers with whole 

blood quality control material (IM low and IM normal) over 10 consecutive 

days  

We analysed commercially available stabilized product (IM) where the normal and low range 

as per manufacturers was 394-754/62-206 cells/µl respectively, over a period of 10 consecutive 

days on both the panleucogating (PLG)-CD4 Beckman Coulter instrument and the 3 PIMA 

analysers (Figure 6, Table 3). No significant differences were observed between the 3 PIMA 

analysers at normal IM (p value 0.2664) but differed significantly between NHLS PLG/CD4 

and PIMA 2 and 3 at low IM (p-value 0.01 and 0.03 respectively), (Table 5). 

 

 

Table 3: Comparison of the performance of the 3 PIMA analysers with whole blood 

quality control material (IM low and IM normal) over 10 consecutive days 

Figure 6: Reproducibility of PIMA analysers stabilized whole lood quality control 

material - normal and low Immunotrol (IM) (with % CV < 6% in both as per NHLS-

Addington Laboratory personal communication 
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 LOW IM NORMAL IM 

 Mean SD % CV Mean SD % CV 

Predicate 124.3 8.65 6.96 514.4 31.36 6.10 

PIMA 1 121.2 14.98 12.36 466.5 43.35 9.29 

PIMA  2 124.8 31.79 25.48 499.6 50.46 10.10 

PIMA  3 120.7 26.65 22.08 471.00 50.32 10.68 

 

3.3 Comparison of the performance of the 3 PIMA analysers and the 

agreement of control observations at low and normal beads over 10 

consecutive days 

Precision testing of the control bead-filled cartridge with pre-defined counts i.e. low (115-235 

cells/µl) and normal (719-1355 cells/µl) beads within the 3 PIMA instruments was performed 

for each instrument over a replicate set of 10 bead analyses.  

At low and normal beads the % CV of observations for each PIMA analyser were less than 

<5% which is within the manufacturer’s specification. There was high reproducibility at normal 

beads with % CVs for PIMA analysers 1, 2 and 3 were  0.86%, 1.36% and 0.96% respectively 

(Table 4).  As expected, higher CVs were observed at low beads. The %CVs for PIMA 

analysers  1, 2 and 3 were 2.13%, 1.28% and 1.41% respectively.  

 

Table 4 : Quality control of bead-filled cartridges with pre-defined counts on each 

instrument over a replicate set of 10 bead analyses 

 

Low beads 

(115-235 cells/µl) 

Normal beads 

(719-1355 cells/µl) 

Mean 

cells/µl 
SD %CV 

Mean 

cells/µl 
SD %CV 

PIMA 1 187.2 3.99 2.13% 1075.2 9.29 0.86% 

PIMA 2 187.2 2.39 1.28% 1118.7 15.24 1.36% 

PIMA 3 179.8 2.53 1.41% 1101 10.58 0.96% 
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3.4 Comparison of the performance of the 3 PIMA analysers and 

agreement with control observations (normal and low beads) over a period of 

165 days 

There was high reproducibility at normal beads with %CVs for PIMA analyser 1, 2 and 3 at  

1.14%, 1.67% and 1.30% respectively over a period of 165 days (Table 5).  As expected, higher 

%CVs were observed at low beads with %CVs for PIMA analyser 1, 2 and 3 at 1.75%, 1.70% 

and 1.86% respectively. According to manufacturers’ specifications %CVs should be below 

5%.Table 2:   

 

Table 5: Quality control of bead-filled cartridges with predefined counts for each 

instrument over a replicate set of 165 days of bead analyses 

 

Low Beads 

(115-235 cells/µl) 

Normal Beads 

(719-1355 cells/µl) 

Mean 

cells/µl 
SD %CV 

Mean 

cells/µl 
SD %CV 

PIMA 1 186.16 3.25 1.75% 1074.97 12.28 1.14% 

PIMA 2 187.59 3.19 1.70% 1123 18.86 1.67% 

PIMA 3 182.31 3.40 1.86% 1117.39 14.50 1.30% 
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3.5 Reproducibility of the 3 PIMA analysers using fresh whole blood samples 

(n=21) 

Figure 7 represents CD4+ T cell counts on each of 21 whole blood samples as determined by 

each of the 3 PIMA analysers. The within-sample variability, assessed through computation of 

the % CV, is presented in Table 8. The mean % CV was 15.4 % with range 1%-31%. Strong 

correlation was observed between the 3 PIMA analysers. In pairwise comparisons, no 

significant difference was observed between PIMA analyser 1 and 2,  2 and 3 and 1 and 3 (p-

value 0.32, 0.43 and  0.61 respectively).  High  correlation was observed  between PIMA  

analyser 1 and 2,  2 and 3 and 1 and 3 : R = 0.95, 0.96 and 0.97 respectively  (data not shown).  
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Figure 7: Reproducibility of CD4+ T cell counts between the 3 PIMA analysers using 

whole blood (n=21) 
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Table 6: Raw data of the reproducibility of CD4+ T cell counts between the 3 PIMA 

analysers using whole blood (n=21) 

Sample Number PIMA 1 PIMA 2 PIMA 3   SD %CV 

1 42 49 69 14.01 26 

2 64 36 65 16.46 30 

3 66 114 124 31.01 31 

4 90 137 93 26.31 25 

5 94 118 107 12.01 11 

6 101 113 113 6.93 6 

7 104 162 188 43.00 28 

8 106 74 124 25.32 25 

9 204 262 225 29.37 13 

10 273 245 247 15.62 6 

11 279 297 239 29.69 11 

12 303 503 448 103.32 25 

13 305 278 298 14.01 5 

14 398 391 394 3.51 1 

15 444 336 397 54.15 14 

16 463 342 403 60.50 15 

17 661 545 579 59.63 10 

18 715 661 545 86.86 14 

19 770 672 634 70.17 10 

20 856 785 875 47.44 6 

21 953 782 959 100.50 11 

Mean 347 329 339 40.38 15.4 
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3.6 Reproducibility of overnight testing of same blood samples. (n=30) 

Samples kept overnight tended to have  slightly higher values than those analysed on the same 

day using the PIMA POC technology. The mean bias was 16.900 (CI -0.978 to 34.778), the 

correlation between day1 and day 2 results was 0.978. (Figure 8, 9). There was no significant 

difference in CD4+ T cell counts on the same blood sample between day 1 and 2 (Paired t-test 

p=0.063). 

 

 

 

Figure 8: Scatter plot of the same blood samples (n=30) tested on day 1 and day 2 

R = 0.978 
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3.7 Comparison between the PIMA analyser, NHLS PLG/CD4 , and FACS 

Calibur in a subset of blood samples (n=100) 

The 100 patients were randomly selected from the cohort of 268 patients and had similar 

characteristics to the group as a whole and therefore separate baseline characteristics are not 

presented.  The median (range) CD4+ T cell counts for the PIMA analysers, NHLS PLG/CD4 

and FACS calibur was 323 (3-1151) cells/µl, 306 (5-1476) cells/µl and 293 (3-1261) cells/µl 

respectively (data not shown). Higher limits of agreement was observed between PIMA 

analysers and FACS calibur as evidenced by smaller mean bias of 7.52 and narrower Bland 

Altman limits of agreement -111 to 126 and a correlation of 0.97 (Table 7, Figure 10).  Wider 

Bland Altman limits of agreement (-216 to 176 with mean bias -20.3) was observed between 
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Figure 9: CD4+ T cell counts performed on the PIMA analyser on day 1 and day 2 
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the FACS calibur vs NHLS PLG/CD4 with a correlation of 0.92 (Table 7, Figure 11) compared 

to PIMA analysers vs NHLS PLG/CD4 (Bland Altman limits of agreement -226 to 200 mean 

bias -12.78) (Table 7) with a correlation of 0.90 (Table 7, Figure 12).   For all 3 comparisons 

(PIMA analysers vs NHLS PLG/CD4, PIMA analyser vs FACS Calibur, and FACS Calibur vs 

NHLS PLG/CD4) a correlation greater than 0.90 was observed. 

 

Table 7: Comparisons of PIMA analysers vs NHLS PLG/CD4 vs FACS Calibur (n=100) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 PIMA analysers –

NHLS PLG/CD4 

PIMA analysers -  

FACS calibur 

FACS calibur –

NHLS PLG/CD4 

n=100 n=100 n=100 

Mean Bias ± 1 SD -12.78 ± 106.63 7.52 ± 59.26 -20.3 ±  97.97 

95% CI Bias -33.94 to  8.38 -4.24 to 19.28 -39.74 to -0.86 

BA 95% LOA -226.04 to 200.48 -111.01 to 126.05 -216.23 to 175.63 

% Similarity to predicate 

(%SIM Mean ± SD) 

101.3 ± 15 103.1 ± 12.7 98.7 ± 11.9 
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R= 0.97 

Figure 10: Correlation of CD4+ T cell counts on the PIMA analyser as 

compared to the FACS Calibur 
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Figure 11: Correlation of CD4+ T cell counts on the NHLS PLG/CD4 as compared 

to the FACS Calibur 
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Figure 12: Correlation of CD4+ T cell counts on the PIMA analyser as compared to 

the NHLS PLG/CD4 
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3.8 Assessment of the correlation of the CD4+ T cell counts obtained 

between the PIMA analysers compared to NHLS PLG/CD4 (n= 268)  

 An overall correlation of 0.91 in CD4+ T cell counts between the PIMA analysers and NHLS 

PLG/CD4 was observed (Figures 13, 14).  The number of samples tested on each PIMA 

analyser were as follows: PIMA 1 n=98; PIMA 2 n=97 and PIMA 3 n=73. The overall mean 

difference of PIMA analyser – NHLS PLG/CD4 was 17.5 cells/µl (95% CI 6.2 to 28.8) (Table 

8). The %SIM Mean ± SD was 106 ± 15.5 indicative of acceptable agreement between the 2 

tests.  When categorised by the following CD4+ T cell counts of: ≤350 cells/µl; 351-500 

cells/µl; ≤500 cells/µl and > 500 cells/µl, the mean difference of PIMA analysers – NHLS 

PLG/CD4 was 33 cells/µl (95% CI 23 to 42); 22 cells/µl (95% CI -3.5 to 47); 30 cells/µl 

(95%CI 21 to 39); and 36 cells/µl (95% CI -78 to 6.1) respectively. Acceptable mean 

percentage similarity in the range of 90 to 110 percent, with %SIM CVs<15%  was observed 

at all CD4+ T cell count ranges.   
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Figure 13: Correlation of CD4+ T cell counts on the PIMA analyser as compared 

to NHLS PLG/CD4 (n=268) 

CD4+ T cells/µl NHLS PLG/CD4 
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Table 8: Comparison of PIMA analysers vs NHLS PLG/CD4 as categorized by the 

following CD4+ T cell counts of ≤ 350 cells/µl, 351-500 cells/µl, ≤500 cells/µl and  > 500 

cells/µl 

 

≤350 cells/µl 
(n=164) 

351-500 

cells/µl 

(n=53)  

≤500  cells/µl 

(n=217) 

>500 cells/µl 

(n=51) 

All CD4+ T 

cell counts 

(n=268) 

Median bias 21 13 21 -23 18 

BA Bias ( ± 1 SD) 32.9  ±  61.0 21.5 ±  90.8 30.1 ± 69.4 -36.1±150.04 17.5 ±93.8 

95% CI Bias 23.4 to  42.3 -3.5 to 46.6 20.8 to 39.4 -78.3 to 6.1 6.2 to 28.8 

BA 95% LOA -89.2 to 154.9 -160.0 to 203.0 -108.7 to 168.9 -336.2 to 263.9 -170.0 to 205.0 

% Similarity to 

NHLS PLG 

(% SIM Mean ± SD) 

107.4   ± 15.2 102.7 ± 10.5 106.2 ± 14.35 97.97 ± 10 106 ± 15.5 

%SIM CV 14.2% 10.2% 13.5% 10.2% 14.6% 
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Average of PIMA and NHLS PLG/CD4 results 

Figure 14: Bland-Altman comparison of PIMA analyser vs NHLS PLG/CD4 
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3.9 Misclassification and eligibility for ART based on PIMA vs NHLS 

PLG/CD4 results 

Under the previous treatment guideline threshold of ≤200 cells/µl CD4+ T cells, the PIMA 

analysers displayed a sensitivity of 73,5% and specificity of 98.4% in predicting predicate 

values ≤200 cells/µl (Table 9). Under the current South African guidelines of ≤350 cells/µl 

CD4+ T cells, the sensitivity of the PIMA analyser was higher (83.5%) and specificity a bit 

lower at 92%.  At this threshold of ≤ 350 cells/µl there were 35 (13%) misclassifications, of 

which 27 were false negatives (FN). This implies that 27 patients would have been falsely 

deemed ineligible for ART according to the PIMA analysers.  The mean difference between 

PIMA analyser and NHLS PLG/CD4 in this group of 27 patients was 112 cells/µl. The positive 

predicative value (PPV) at both these cuts off was high at 95% such that 95% of the patients 

eligible for treatment according to PIMA analysers would have also been deemed eligible for 

treatment on the NHLS PLG/CD4 test.  Of the patients with CD4 + T cell count  >350 cells/µl 

according to the PIMA  analysers, 78% also had a NHLS PLG/CD4 CD4+ T cell count in the 

same range. Under future South African  treatment guidelines at CD4+ T cell counts ≤500 

cells/µl,  a high sensitivity of 94% was observed at the sacrifice of lower specificity of 78%. In 

the 13 false negatives for the ≤500 cells/µl cut off, the mean bias observed was 149 CD4+ T 

cells/µl. Under all 3 guidelines, the overall performance of PIMA analysers as a diagnostic tool 

for treatment initiation was favourable, evidenced by the high proportion of patients correctly 

classified as eligible for treatment (91%, 87% and 91% respectively).  

 

Table 9: Performance of PIMA analysers compared to NHLS PLG/CD4 at different 

CD4+ T cell cut offs 

CD4+ T  

cells/µl 

Sensi-

tivity 

Speci- 

ficity 

% Mis-

classified 

% 

Correctly 

Classified 

FP 

Rate 
FN Rate NPV PPV 

≤200 73.5% 98.4% 25 (9.3%) 
90.7 

3/25 22/25 85.2 95.3 

≤350 83.5% 92.3% 35 (13%) 
87 

8/35 27/35 78.1% 94.5% 

≤500 94% 78.4% 24 (9%) 
91 

11/24 13/24 75.5% 94.9% 
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3.10 Assessment of whether ART eligible patients (according to NHLS 

PLG/CD4 results) return for their CD4 result and whether they are initiated 

on ART 

According to the NHLS PLG/CD4 laboratory CD4 test result, 164/268 (61%) of patients were 

eligible for ART (CD4+ T cell count ≤350 cells/µl) on the day of HCT compared to 145/268 

(54%) with the PIMA analyser POC CD4+ T cell test, who should have been initiated on ART 

(Figure 15). The majority of patients (87%) returned to the Lancers Road PHC for their CD4 

test result. However  of those eligible for ART according to the ART register at Lancers Road 

PHC, 110/164 (only 67%) of these patients were initiated on ART. Of those who did not return 

35/268 (13%) to the PHC clinic for their CD4 test result, 20/35 (57%) were eligible for ART 

according to the NHLS PLG/CD4 laboratory CD4 test result, all of whom were not initiated 

on ART. The median time to ART initiation was 25 days (IQR 9.5 to 48.5 days) 

 

Figure 15: Comparison of CD4+ T cell counts with respect to ART eligibility of PIMA analyser 

vs NHLS PLG/CD4 in those HIV-1 infected patients who returned and did not return for their 

CD4+ T cell count results 
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3.11 Comparison of Gene Xpert results between the NHLS and TB 

Biomedical  Research laboratories 

In the original protocol the aim was to compare smear microscopy and culture as done routinely 

by the NHLS with Gene Xpert undertaken at the MRC TB Biomedical Research Unit 

laboratory. As we commenced our study the national algorithm for TB diagnosis as performed 

in the NHLS laboratories changed offering Gene Xpert as the first test for TB diagnosis. For 

this reason the study design was changed to allow us to compare the Gene Xpert assay 

performed in the NHLS laboratory compared to that in the MRC TB Biomedical Research 

laboratory. Smear microscopy was also routinely undertaken by the NHLS laboratory and 

culture was conducted in the MRC TB Biomedical Research Laboratory. 

A separate cohort was recruited from the CDC PHC clinic for TB diagnosis.  

Table 10: Patient characteristics of patients undergoing a TB screen at Lancers Road 

PHC 

 FEMALE n=86 MALE n=24 TOTAL n=110 

MEDIAN AGE 

(IQR), YEARS 
33 (27-40) 35.5(33.5-42) 33(27-40) 

18 – 24 8 (9%) 2 (8%) 10 (9%) 

25 – 29 22 (26%) 2 (8%) 24 (22%) 

30 – 34 17 (20%) 6 (25%) 23 (21%) 

35 – 39 17 (20%)) 6 (25%) 23 (21%) 

40 20 (23%) 8 (33%) 30 (27%) 

 

The majority, 86/110 of individuals undergoing TB screening were women in whom 26% were 

25-29 years whereas the majority of males were over 30 years of age (Table 10).  

 

 

 



78 
 
 

 

3.12 Comparison of TB results obtained by the NHLS (Gene Xpert and smear 

microscopy) vs the MRC TB Biomedical Research laboratories (Gene Xpert and culture)  

in patients undergoing a TB screen  

There were 8/110 sputum samples that had a positive TB diagnosis by both laboratories in all 

or some of the tests performed (Table 11), while the remainder were negative by all tests in the 

two laboratories. All TB tests: Gene Xpert; smear microscopy and culture were concordant  in 

5/8 positive TB sputum samples while in each of the remainder the discrepancies were: Gene 

Xpert positive and smear negative (NHLS) but Gene Xpert negative and culture positive by the 

MRC TB Biomedical Research laboratory; Gene Xpert and smear positive by NHLS but Gene 

Xpert and culture positive by MRC TB Biomedical Research laboratory; and Gene Xpert and 

smear positive by NHLS but Gene Xpert and culture negative by MRC TB Biomedical 

Research laboratory. Only in 2/110 sputum specimens Gene Xpert results were discordant 

between the two laboratories. No Rifampicin resistance was detected by the Gene Xpert and/or 

culture in all 8 positive TB sputum samples done by both laboratories.  

The median turn around time of Gene Xpert results performed by the NHLS laboratory was 

2.5 days (range 1-10 days) while the median time to commencing antituberculous treatment in 

those diagnosed as TB positive was 5 days (range 2 days – 5 weeks). 
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Table 11: Comparison of laboratory tests for TB diagnosis performed by NHLS and the 

MRC TB Biomedical Research Laboratory 

LABORATORY NAME 
NUMBER DETECTED BY GENE XPERT AND/OR 

CULTURE AND/OR SMEAR MICROSCOPY 

MRC TB Biomedical Research Lab. 

Gene Xpert + 

Culture + 

NHLS laboratory 

Gene Xpert + 

Smear microscopy + 

5 

MRC TB Biomedical Research L. 

Gene Xpert - 

Culture + 

NHLS laboratory 

Gene Xpert + 

Smear microscopy - 

1 

MRC TB Biomedical Research L. 

Gene Xpert - 

Culture - 

NHLS laboratory 

Gene Xpert + 

Smear microscopy + 

1 

MRC TB Biomedical Research L. 

Gene Xpert - 

Culture - 

NHLS laboratory 

Gene Xpert - 

Smear microscopy + 

1 

KEY: + positive - negative  
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CHAPTER 4 – DISCUSSION 

Conventional HIV treatment and care services are largely unable to cope with the volume of 

patients entering the system, resulting in delayed and missed opportunities for treatment, and 

ultimately unacceptably high levels of morbidity and mortality. Conventional flow cytometry 

to determine CD4 counts usually requires that samples be sent to a central laboratory, which 

may be off-site. This could have significant consequences for the timing of initiation of 

treatment based on CD4 count, which could in turn influence the health of patients. A 

comprehensive and holistic approach to combating the HIV epidemic in South Africa will 

necessarily include the treatment and management of tuberculosis (TB), which is a serious 

cause of morbidity and mortality in HIV-1 infected people. The confirmatory test widely used 

in countries where TB is endemic is smear microscopy; however this test has low sensitivity 

and takes weeks to obtain the results. There is thus a strong indication for the use of rapid tests 

in settings where a prompt reaction to test results may have a significant impact on the spread 

of TB and on co-morbid conditions such as HIV. 

 This study originally therefore set out to evaluate and compare two point-of-care tests viz 

PIMATM POC for the enumeration of CD4+ T cells and the GeneXpert for TB diagnosis against 

the standard routine NHLS (Beckman Coulter) and smear microscopy). The aim was to 

determine the accuracy, sensitivity and specificity PIMATM POC analyser as a predictor of 

ART eligibility and the GenXpert for TB diagnosis in our hands for future implementation in 

a PHC setting.  

The majority (218/268) of HIV positive individuals undergoing CD4+ T cell count testing were 

women in whom 28% were 25-29 years whereas the majority of males were older than 30 

years. There were no significant differences in the median CD4+ T cell count in males versus 

females performed by the NHLS PLG/CD4 versus the PIMA analyser POC, although the 

median CD4+ T cell count was higher in the latter. Overall, according to NHLS PLG/CD4 

versus PIMA POC 61% versus 54% of HIV-positive individuals were eligible for ART 

initiation of whom 68% versus 62% were males and 60% versus 52% were females 

respectively. 
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All 3 PIMA analysers POC performed well with high reproducibility using normal and low 

beads with coefficient of variation < 2% over time (10 and 165 days). However when the 

normal and low IM controls were tested in the 3 PIMA analysers and compared with the NHLS 

PLG/CD4 no significant differences were observed at normal IM in all 3 PIMA analysers 

(%CV <11%) but differences were observed in 2 PIMA analysers with low IM (%CV 22-26%) 

whereas the 3rd PIMA was more acceptable at 12.4%.  Glencross et al. (2012) in their similar 

study found an average % CV of 6.2% with normal IM and 9.1% for the low IM.  The poor 

%CV for the low IM control in the 2 PIMA analysers was difficult to explain considering that 

in all 3 PIMA analysers there was high reproducibility when using their own specific bead 

control and whole blood samples. 

Although blood samples kept overnight and run the next day were found to have higher CD4+ 

T cell counts as  compared to samples tested on the same day, there was excellent  correlation 

with no significant differences. 

The PIMA analyser POC slightly overestimates NHLS PLG/CD4 laboratory flow cytometry in 

CD4+ T cell enumeration in this study,which corroborates most studies using capillary or 

venous blood (Glencross et al. 2008, Sukapirom et al. 2011, Mtapuri-Zinyowera et al. 2010, 

Van Schalk et al. 2011). This overestimation is minimal (mean bias 17 cells/µl) and is of no 

major clinical significance. This is not unusual as differences have been reported of CD4+ T 

cell enumeration on conventional testing platforms between the BD FACS count versus the 

BD FACS Calibur (Mwau et al. 2013) where the mean bias between the 2 platforms was 76 

cells/µl (95% CI LOA -316.0-163.0).  

Although in this study there was better correlation between the PIMA analyser POC and FACS 

Calibur (0.97), a correlation >0.90 was found between all 3 instruments (PIMA analyser POC 

vs NHLS PLG/CD4, PIMA analyser POC vs FACS Calibur and FACS Calibur vs NHLS 

PLG/CD4). As we found no difference in CD4+ T cell enumeration when blood samples were 

left overnight, the most probable explanation for these observed differences is due to the 

platforms used, which have different instrument settings, different antibodies and 

fluorochromes used, different gating strategies and sample volumes used.     

The overall sensitivity of the PIMA analyser POC CD4 test, in enumerating CD4+ T cell counts 

of HIV infected pregnant mothers to determine their eligibility for ART in the prevention of 
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mother to child transmission (PMTCT) programme has been reported at 92% (Myer et al. 

2013).  In another study Manabe et al (2013) found a sensitivity of  96.3% with a negative 

predictive value of 99.2% in individuals with CD4+ T cell count of ≤ 250 cells/µl.  Our data 

corroborates with Myer at al, 2013, where we found 35 (13%) misclassifications, of which 27 

were FN. The mean difference between PIMA analysers and NHLS PLG/CD4 in this group of 

27 patients was 112 cells.  In another study conducted in South Africa, 12.4% were 

misclassified as FP when multiple fingersticks were done for multiple POC tests on the same 

patient (Gous et al, 2013). Using future South African treatment guidelines at CD4+ T cell 

counts threshold of ≤500 cells/µl, 81% and 80% of individuals in this study would be eligible 

for ART by the NHLS PLG/CD4 and the PIMA analyser POC respectively. At this threshold 

a high sensitivity of 94% was observed at the sacrifice of lower specificity of 78% which 

corrobates similar findings in a Ugandan study (Galiwongo et al, 2014).  In the 13 false 

negatives the mean bias observed was 149 cells/µl. This high sensitivity would fit in with these 

future South African guidelines to be introduced by 2015 where all those eligible for treatment 

will be initiated but it will come at a cost of low specificity whereby individuals not needing 

treatment will be commenced on ART. However in the light of ART resulting in lower viral 

loads and thus less horizontal transmission this downside is minimized. A recent study has 

demonstrated that as household ART coverage is increased there is a decrease in HIV 

acquisition (Vandormael et al., 2014).  Under all three South  African guidelines, the overall 

performance of the PIMA analyser  POC as a diagnostic tool for treatment initiation was 

favourable, evidenced by the high proportion of patients correctly classified (91%, 87% and 

91% respectively). It is therefore feasible to use the PIMA analyser POC for the provision of a 

rapid CD4+ T cell enumeration testing strategy. The agreement in these data between the PIMA 

analyser POC and NHLS PLG/CD4 laboratory based flow cytometry appears to decline with 

increasing CD4+ T cell count >500 cells/µl. This is not of concern as these HIV-1 infected 

individuals are ineligible for ART initiation.  

From the operational perspective of the use of the PIMA analyser, we had an analyser reading 

error of 8% as found by others (Myer et al., 2013, Glencross et al., 2012), most of these were 

due to movement and vibration. The “operator” used was myself who is a trained medical 

technologist compared to health professionals e.g. nurse or counselor. Hence we had no air 

bubbles or debris in the sample nor damage during operation (Myer et al. 2013). Several studies 
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have also reported that the PIMA analyser is interchangeable with conventional platforms 

(Diaw et al., 2011, Mtapuri-Zinyowera et al., 2010, Sukpirom et al., 2011, Thakar et al., 2012, 

Herbert et al., 2012, Glencross et al., 2012), although one study (Mwau et al., 2013) has found 

it to be unreliable due to the high coefficient of repeatability and misclassification in favour of 

undertreatment compared to the FACS Calibur.  

The PIMA analyser POC CD4 test has the potential role for CD4+ T cell enumeration in PHC 

settings. Although originally the Alere PIMA analysers were to be placed at Lancers Road PHC 

clinic this was not possible because of the Overport PHC clinic merging with Lancers Road 

due to flooding and reconstruction so there was no extra room for us to place the PIMA 

analysers. They were therefore placed at the MRC Research laboratories. Furthermore the 

protocol did not allow for the provision of same day PIMA results, so that clinical decision 

making was done on the NHLS PLG/CD4 result.   

In a recent study Larson et al. 2013, reported that providing same day POC CD4 testing that is 

not rapid has no benefit in health outcomes. The uptake of POC testing using the FACS Calibur 

was sub-optimal due to the waiting time of 2-3 hours to get their CD4 test result (Larson et al., 

2013).  However using the PIMA analyser could significantly reduce the waiting time to 30 

minutes. Furthermore, testing doesn’t have to be “batched” and can be performed singly 

throughout the day particularly if there are several PIMA analysers available.  If the results of 

the PIMA had been given to the patients immediately it would have prevented the 35 out of the 

268 not having access to their results (through them not returning to collect).  Of these 

approximately 50% were eligible for treatment.  Using the normal route of patients coming in 

to collect their results and being initiated on treatment we observed a median time to ART 

initiation of 25 days (IQ 9.5-48.5 days) and we believe that with POC analysers this waiting 

time would be significantly reduced. 

Of the patients eligible for ART who did not access treatment, the reasons given upon 

telephonic communication were economic (no transport costs), social (too busy to come to the 

clinic), structural (cannot take time off work) and emotional (were not ready to take ART as 

they were still feeling well). Even in those eligible patients who did return for their results we 

found 24% did not initiate treatment. It is possible that if they received their results immediately 

it may have helped by accessing immediate counselling and preparation for future pathway to 
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care. Provision of immediate CD4+ T cell count results has been shown to increase the number 

of patients linking into care (Faal et al., 2011, Larson et al., 2012b, Jani et al., 2011, Kranzer 

et al., 2011).  

The high rates of “walk ins” patients found in this study as found by others (Larson et al., 

2013), who are eligible for immediate ART at the time of the HIV test and the time lapse to 

ART initiation, undergirds the urgent need of the use of the rapid  PIMA analyser POC 

technology. However it  needs to be supported by changes in health systems (Larson et al., 

2013), integrating HCT and detecting those eligible for ART into a single consultation by 

providing same day results through POC technologies and addressing psychosocial issues. 

Additionally, a comprehensive counselling package should be provided with information about 

HIV disease, ART, positive health-seeking behaviours, general guidelines to healthy living and 

encouraging patient ownership of their health. Other barriers found for continuum of HIV care 

such as transport costs and distance, long waiting times, fear of disclosure, drug toxicity, loss 

of work time and stigma (Govindasamy et al., 2012), if addressed, could have an impact in 

facilitating the next step in the pathway to care for ART eligible individuals in improving 

uptake of HIV care and treatment in South Africa. A study in Mozambique (Elul et al, 2014) 

reported on the challenges of the effectiveness of a combination strategy of intervention in 

offering clients non-cash financial incentives to offset the financial burden of clinic visits in 

order to transform clinic-based approaches to retention and care. In a recent systematic review 

(Govindasamy et al., 2014) has suggested that the streamlining of  HIV services together with 

individual and combination interventions across the HIV cascade is important to address 

attrition and retention in care.  

A family centred model of integrated health care incorporating all the above mentioned health 

system changes has previously been shown in a similar population to yield high adherence 

(94%) and retention in the care and management of HIV-1 positive individuals (Kwaan et al., 

2010, Coutsoudis et al., 2010). 

In the original protocol the aim was to compare smear microscopy and culture as done routinely 

by the NHLS with Gene Xpert undertaken at the MRC TB Biomedical Research Unit 

laboratory. As we commenced our study the national algorithm for TB diagnosis as performed 

in the NHLS laboratories changed offering Gene Xpert as the first test for TB diagnosis. For 
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this reason the study design was changed to allow us to compare the Gene Xpert assay 

performed in the NHLS laboratory compared to that in the MRC TB Biomedical Research 

laboratory. Smear microscopy was also routinely undertaken by the NHLS laboratory and 

culture was conducted in the MRC TB Biomedical Research Laboratory. A separate cohort 

was recruited from the CDC PHC clinic for TB diagnosis.  

There were minimal discrepancies in the comparison of Gene Xpert; smear microcopy,  culture 

and resistance results performed by the two laboratories. The most likely explanation for these 

discrepancies could be due to sputum quality and bacterial load as testing was done on two 

different sputum specimens taken on the same day from each patient. 

The median turn around for Gene Xpert NHLS results was 2.5 days and the time to treatment 

was 5 days. All patients diagnosed with TB were linked to treatment and care. However, it has 

been reported that linkage to treatment was not achieved in 25% of drug sensitive smear 

positive TB patients (Claasens et al. 2013). Another study showed an average 5-6 week time 

lapse in Cape Town for MDR treatment initiation, although some patients were initiated onto 

treatment as little as 3 days after testing (Chang et al., 2012), compared to 75% of patients in 

KZN of delays up to 22 weeks (Narasimooloo and Ross 2012). 
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CHAPTER 5 - CONCLUSION 

In summary the overall agreement between PIMA analyser POC and NHLS PLG/CD4 CD4+ 

T cell count enumeration in adult HIV positive individuals was acceptable with clinically 

insignificant mean bias. Together with high PPV and sensitivity and acceptable specificity the 

PIMA analyser POC lends itself to an excellent facilitator of improved healthcare. The 

operational role of the  PIMA analyser  POC CD4 test in provision of immediate CD4+ T cell 

count results combined with integrated health system changes, its impact in linkage to care, 

ART treatment initiation and retention in HIV care needs to be assessed in a PHC  facility. 

There was excellent correlation of Gene Xpert results between the two laboratories. Although 

Gene Xpert testing is the diagnostic test according to the South African guidelines for TB 

diagnosis, due to cost implications Gene Xpert testing is not performed at sites near to patient 

care provision. The Gene Xpert test has resulted in increased detection of multi drug resistant 

(MDR) TB. It would be important to investigate the magnitude of the non or delayed linkage 

to treatment pertaining to MDR TB patients in South Africa, and to assess the factors 

responsible for any delay or expedition to care. Several new POC technologies e.g. TB loop 

mediated isothermal amplification (TB LAMP) are undergoing evaluation to be used as a 

screening tool for the diagnosis of TB which are cheaper than Gene Xpert and have more rapid 

turn around times (Boehme et al., 2007). 
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