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Abstract: 

Background: A plethora of point-of-care (POC) tests exist in the HIV and TB diagnostic 

pipeline which require rigorous evaluation to ensure performance in the field. The accuracy 

and feasibility of nurse-operated multidisciplinary-POC testing for HIV antiretroviral therapy 

(ART) initiation/monitoring was evaluated.  

Methods: Random HIV-positive adult patients presenting at two treatment clinics in South 

Africa for ART initiation/monitoring, were consented and enrolled. POCT was performed by a 

dedicated nurse on a venepuncture specimen; Pima (CD4), HemoCue (haemoglobin), 

Reflotron (alanine aminotransferase, creatinine), Accutrend (lactate) and compared to 

laboratory testing. External quality assessment (EQA), training, workflow and errors were 

assessed.  

Results: n=324 enrolled at site1; n=469 enrolled at site2. Clinical data on n=305 participants: 

65% (n=198) female with a mean age of 39.8[21-61] years; mean age of males 43.2[26-61] 

years; 70% of patients required 3 or more POC tests/visit. EQA material was suitable for 

POCT. CD4, haemoglobin and alanine aminotransferase testing showed good agreement 

with predicate methodology; creatinine and lactate had increased variability. Pima CD4 

misclassified up to 11.6% of patients at 500cells/µl and reported 4.3-6% error rate. A 

dedicated nurse could perform POCT on 7 patients/day; inclusion of Pima CD4 increased 

time for testing from 6-110minutes. Transcription error rate was 1%.  

Conclusions: Nurses can accurately perform multi-disciplinary POCT for HIV ART 

initiation/monitoring. This will however, require  a dedicated nurse  as current duties will 

increase. Use of Pima CD4 will increase patients initiated on ART. Connectivity will be 

central to ensure quality management of results but overall impact will need to be 

addressed. 

Keywords 
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Introduction 

Laboratory systems and services are critical in global health and point-of-care testing 

(POCT) may have a place within this framework to address unmet diagnostic needs, 

especially in resource-limited environments 1-3.  Appropriate clinical management of ill 

patients presenting at primary health care clinics (PHC) remains a global health challenge 

and lack of accessibility to an appropriate laboratory diagnosis is a major reason why health 

services are failing. A recent report in the New England Journal of Medicine describing 20 

years of health care in South Africa, stated that improving access to health care requires 

restructuring and strengthening of existing district-based PHC facilities, with nurses and 

community healthcare workers (HCWs) playing an increasingly important role in remote 

areas 4.  

 

POCT is currently the fastest growing market in medical diagnostics with many innovative 

technology developments 1, 5. The purpose of POCT is to provide a test that has immediate 

impact on patient outcome 6 and that can be used in outpatient clinics, emergency rooms, 

theatres, mobile clinics, PHC clinics, or even small laboratories 7. The potential benefits for 

POCT identified in low to middle income countries are to avoid patient hospitalisation (or 

reduce length of stay), help manage chronic conditions 3, 7, 8, improve accessibility of 

services, reduce turnaround times, potentially improve patient retention and improve staff 

convenience and satisfaction 9-13. 

A number of disadvantages also exist, such as the poor regulatory control 14, lack of 

connectivity, inadequate quality control and assurance 15, 16, a potential increase in cost and 

over-use (duplication) of existing laboratory and POC services, as well the need for 

appropriately trained POC operators 17. Several guideline documents detailing the 

requirements for POCT exist 18-20 and all emphasise the need for quality in POCT. The 

complexities of managing quality of the entire process (pre-analytical, analytical and post-

analytical) however, are well described for glucose testing 21, but less so elsewhere.   
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The massive expansion of anti-retroviral (ARV) therapy (ART) in lower and middle-income 

countries has relied entirely on the use of one or more rapid tests for diagnosing HIV, which 

are frequently performed by lay counsellors or lower-level HCWs. Although this has 

facilitated expansion of testing services in many countries 22, 23, the track record for HIV rapid 

testing at POC in South Africa, has been challenged with studies showing poor compliance 

to standard operating procedures and poor quality management 24.  

In addition to rapid strip-based testing for diagnosis of HIV, ART initiation has relied on CD4 

count testing for treatment initiation. The value of the CD4 assay is under scrutiny with 

treatment thresholds increasing to 500cells/µl and emphasis being placed on viral load 

testing for monitoring treatment success 25, 26. ART treatment guidelines in South Africa 27 

also include additional diagnostic assays prior to ART initiation that highlight the need for a 

multi-disciplinary array of testing requirements for both ART initiation and subsequent 

monitoring.  

Prior work has alluded to the fact that the expanded repertoire of assays could possibly be 

performed by nurses or other HCWs at POC 28. A limitation to this process however, in many 

countries including South Africa, has been the need for phlebotomy skills for which the 

scope of work is defined for a certain cadre of nursing staff and is mandated by the Health 

Professions Council of South Africa (HPCSA) 29. The use of finger stick testing can eliminate 

the need for skilled phlebotomists, but for HIV treatment could mean patients may require up 

to four finger sticks for POCT at each visit 30, over and above the initial two finger sticks 

required for HIV rapid testing.  

 

While numerous reviews are available on the use of POCT and the need in resource limited 

settings 2, 31-33 in the HIV testing arena, few have dealt with logistics around sample 

collection, connectivity, result reporting or whether improving logistics would be more cost-

effective.  In addition, most of the new POC technologies have limited field evaluation and 

few studies have evaluated clinical outcome, impact on overall health care, cost 

effectiveness and cost benefit of POC, especially in the developing world and specifically for 
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multi-disciplinary POCT. To address some of these issues, we implemented nurse operated 

multiple POCT in two busy ART clinics in South Africa, to assess the feasibility and accuracy 

of the process.  

 

Methods 

This project formed part of a Grand Challenges Canada study (grant # 0007-02-01-01-01).   

Human Ethics was obtained and approved through the University of the Witwatersrand, 

(M10333) and the University of Pretoria, South Africa (M090688).   

 

Clinic sites 

All laboratory validations, training and research and development were performed at the 

National Health Laboratory Service (NHLS) Department of Molecular Medicine and 

Haematology in Johannesburg, South Africa.  The clinic phase validation to determine nurse 

operated POCT versus laboratory testing was performed in two well managed urban ART 

PHC sites: a) non-governmental organisation (NGO) supported Themba Lethu Clinic, part of 

the Clinical HIV Research Unit (CHRU) located within the infrastructure of the Helen Joseph 

Hospital, Right to Care in Johannesburg, which manages 21 000 HIV infected patients on 

ARV treatment  34; b) Comprehensive Care Management and Treatment (CCMT) Clinic, 

Tshwane District Hospital in Pretoria. Both clinics enrol more than 350 patients per month, 5 

days a week and both are within walking distance from high throughput routine laboratories 

managed by the NHLS.  A POCT laboratory was established in each clinic in a dedicated 

room adjacent to the consultation rooms. The POCT instruments were installed by suppliers 

as per good clinical laboratory practice guidelines (GCLP) 35. Reagent kits were procured 

and stored appropriately. Three dedicated research nurses (professional nurses experienced 

in phlebotomy and HIV/Tuberculosis (TB) treatment) were employed and trained on all POC 

instruments by the instrument suppliers and local laboratory staff. In all sites selected, 

provincial approval and support was obtained and dedicated staff and instrumentation were 

placed to support all the project activities. 
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Participant eligibility for POCT 

Individuals (>18 years of age, with known HIV-positive status) were approached for 

enrolment in the study when they presented for routine phlebotomy related to their HIV ARV 

initiation and monitoring at the clinics. The nurses conducted informed consent, enrolled 

participants and performed the required phlebotomy. The selection of POCT was based on 

the SA HIV treatment guidelines at the time of the study 36, and included the following tests: 

CD4 for ART initiation, followed by Creatinine (Cr), Alanine aminotransferase (ALT) and 

Haemaglobin (Hb). Lactate was included but rarely requested (stavudine usage high at time 

of study). Each participant consented to providing an additional EDTAk3 (for CD4, Hb, Cr 

and lactate) and/or a Heparin tube (for ALT), which was used for on-site POCT. The POC 

platforms were the PIMA (Alere, Inc., Waltham, MA, USA) for CD4; HemoCue DM201 

(HemoCue AB, Ängelholm, Sweden) for Hb; Reflotron Plus (Roche Diagnostics, GmbH, 

Germany) for ALT and Cr; and COBAS Accutrend Plus (Roche Diagnostics, GmbH, 

Germany) for Lactate. The selection of these POCT platforms was based on the POC 

diagnostic pipeline document at the time37, available literature 28, 38-42 and in-house 

validations.  

Post-phlebotomy, the nurses took the additional blood tube to the POCT room in the clinic, 

opened the vacutainer tube and performed POCT. A fixed volume pipette supplied with the 

Reflotron (Roche Diagnostics) was used to dispense the required blood volume onto the 

rapid strips (ALT, Cr and lactate) or to dispense blood into the Hb microcuvette or PIMA 

cartridge. Results were manually recorded in a log book. At CHRU, the nurse also used a 

Vacudrop (Greiner Bio-One, Dublin, Ireland) device which allows the withdrawal of a single 

drop of blood from a closed blood tube and allows the capability of multiple analyte testing 

from a single venous blood draw, and the potential for repeat testing. This method was 

investigated to determine the performance of the POC tests without the use of a pipette. 

POC results were not used for clinical management. The routine bloods were sent as per 

standard-of-care to the NHLS laboratories (within the same complex as the clinic) for routine 
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laboratory testing. These reference result values were made available to the study through 

the NHLS laboratory information system and used for patient management.  

 

POC instrument verification and quality management 

After placing the POCT platforms in the clinic sites and prior to their use, each platform 

(Pima CD4, HemoCue and Reflotron) was verified using 25 specimens (ensuring they were 

―fit for purpose‖ as part of GCLP requirements)43. The verification specimens were randomly 

collected from routine, residual patient specimens in the adjoining NHLS reference 

laboratories. As lactate measurements need to be performed immediately upon blood 

collection, the first 25 patients recruited on the study requiring a lactate test, were used as 

verification material for the Accutrend Plus instrument.  

For quality monitoring throughout the study, quality control (QC) material was tested on each 

of the instruments according to manufacturer‘s instructions by the POC nurses. A log sheet 

was used to record QC test results. In addition, one round of external quality assessment 

(EQA) was performed at the CHRU clinic on the PIMA CD4, HemoCue and Accutrend 

instruments using EQA material obtained from the NHLS EQA regional and national 

programs.  Results were sent to the NHLS EQA Division for independent analysis and 

reporting (Z-scores of <2 were considered acceptable). No NHLS EQA material was 

available for the Reflotron instrument as this is a dry chemistry based system compared to 

the laboratory platforms which use wet chemistry.  

 

Comparator laboratory testing platforms 

NHLS derived results were considered the reference standards against which the POC 

results were compared, these included: CD4 single platform PanLeucogating method using 

flow cytometry (Beckman Coulter, Miami, FL); Advia 120 and 2120 Heamatology system for 

Hb (Siemens, Diagnostic Solutions, Tarrytown, NY); Advia 1800 Chemistry analyser 

(Siemens Healthcare Diagnostics, Inc, Germany) and Synchron DXC 800 (Beckman Coulter, 

Miami, FL) for ALT and Creatinine; Advia 1800 for Lactate.  
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Statistical analysis  

The performance of multidisciplinary POCT performed by nurses directly in clinics was 

compared to laboratory generated reference results using the Bland-Altman 44 ,percentage 

similarity 45  and concordance correlation (pc) 46, 47 methods of agreement. Accuracy was 

measured using the bias (POCT – laboratory reference) and this was reported in the context 

of the data sets summarised by their median values. Confidence intervals (CI) at 95% were 

included. Overall agreement between the laboratory reference and POC results was 

measured using the percentage similarity coefficient of variation (CV), which includes 

accuracy and precision. Total misclassification (false positive and false negative compared 

to predicate) was reported for CD4 counts at the 350cells/µl and 500cells/µl level and 

included sensitivity and specificity (including 95% CI), as well as upward and downward 

misclassification as previously described 48. 

 POC instrument errors were recorded (as defined by any ‗no result‘ due to an error code or 

invalid). Functions were performed using STATA 12 and MedCalc 49. Scatter plots were 

used to represent outliers in the clinically relevant ranges for each analyte. Normal ranges 

for each analyte were determined by the NHLS reference technology as follows: Hb 12–

18g/dl; ALT 10-40U/l; Cr 64-104umol/l, lactate <2.2mmol/L. Royal College of Pathologists of 

Australasia (RCPA) allowable differences 50 were also applied to determine outliers: Hb ±0.5 

<10g/dl and ±5% >10g/dl, ALT ±5 ≤40 U/l and ±12% >40U/l, Cr±8 <100umol/l and ±8% 

≥100umol/l, lactate ±0.5mmol/L <4mmol/L and ±12% >4mmol/L.  

Qualitative data (measured prior to and during the study) of the multiple POC 

implementation process addressed workflow and feasibility issues, rather than simply 

comparative laboratory data. These variables included: training and additional consumable 

needs, length of time and number of added duties required to perform multiple POCT and 

number of transcription errors during manual result recording.  
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Results 

Data summary 

A total of 324 patients were approached to participate over a 6 month period at CHRU 

(December 2010 to June 2011) and 469 patients at CCMT over 1 month (January 2012 to 

February 2012). No patient declined participation. Clinical data was available for 305 CHRU 

study participants as follows: 65% (n=198) of the patients were female; mean age of females 

was 39.8 [21-61] years and males was 43.2 [26-61] years; mean number of days on ART at 

the time of POC testing was 833 days for men and 764 days for women. Patients on first line 

ART: n=175; the remainder were either not on therapy (being initiated on ART) or had 

missing demographics at time of blood draw. 

The number of diagnostic tests requested by HCWs for patients at a particular visit attending 

the CCMT site is represented in the pie chart in Figure 1 and shows that 70% (325/464) of 

patients required 3 or more POCT to be performed per visit.  

Figure 1: A pie chart representing the percentage of tests requested by HCW on their patients 

(n=469) attending the CCMT clinic. The pie chart reflects the number of POCT tests required per visit 

from 464 patients (n=5 not recorded).  
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Table 1: Internal quality control (QC) results for CD4, Hb, ALT, Creatinine and lactate analytes 

performed by nurses at two POCT sites and external quality assessment (EQA) performed at one 

POCT site. 

 

Analytes 

CHRU CCMT 

QC EQA QC 

PIMA CD4  Daily low (n=26), 

high control (n=26),  

0 failures, 100% 

compliancy 

Survey 1 Trial 1 sample A:  Error 

(internal cartridge error) 

Survey 1 Trial 1 sample B: 

110c/ul (Z-score -0.68) 

Survey 2 Trial 2 sample A: 

573c/ul (Z-score -2.05)* 

Daily low (n=33), high 

control (n=33), 0 failures, 

100% compliance 

HemoCue  

Hb 

Weekly High (n=5), 

normal (n=6), low 

(n=6)., 0 failures, 

100% compliancy 

0710W: 9.3g/dl (Z-score 1.94)  

0710X: 8.0g/dl (Z-score 2.46) 

0810W: 9.5g/dl (Z-score 0.12)  

0810X: 11.2g/dl (Z-score 1.65) 

Weekly High (n=7), normal 

(n=7), low (n=6). 0 failures, 

100% compliance 

Reflotron 

Cr  

One monthly 

universal control 

(n=4) 0 failures, 

100% compliancy 

No POCT EQA material 

available from NHLS 

One monthly universal 

control (n=7) on each 

instrument, 0 failures, 100% 

compliance 

Reflotron 

ALT 

One monthly 

universal control 

(n=4), 0 failures, 

100% compliancy 

No POCT EQA material 

available from NHLS 

One monthly universal 

control (n=7) on each 

instrument
¥
, 0 failures, 

100% compliance 

Accutrend 

Lactate  

Monthly low (n=3),  

high (n=3) controls, 

0 failures, 100% 

compliancy 

Sample 1: 3.8mmol/l (Z-score 

1.7)  

Sample 2: 0.8mmol/l (Z-score 

0.64)  

Sample 3: 4.5mmol/l (Z-score 

2.5) 

Monthly low (n=32),  high 

(n=32) controls per 

instrument
¥
, 0 failures, 

100% compliance 

Values underlined are>z-score 2, however *not in the clinically relevant range; ¥ two instruments were used during the study time frame  

 

Method comparison of POCT versus laboratory testing  

All POCT platforms placed in both clinics passed verification using 25 laboratory specimens 

(and clinical specimens for lactate). No QC failures were observed on any of the instruments 

and 100% compliance was obtained by the POC nurses in performing instrument QC as 

reflected in Table 1. EQA material tested on the PIMA, HemoCue and Accutrend showed 

results to be within acceptable limits despite material not being specific for all POC  
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Figure 2: Scatter plots of method comparison of POC testing arms for the two sites compared to 

routine laboratory results. The vertical axis in each plot (A-J) is the difference between POC and 

predicate results and the horizontal axis is the absolute value of predicate tests. Mean and limits of 

agreement lines are indicated on all plots. A-J) Bland Altman difference scatter plots for POC versus 

predicate methodology for at CHRU and CCMT respectively for CD4 (A-B), Hb (C-D), ALT (E-F) and 

Cr (G-H) and lactate (I-J at CHRU and CCMT.  
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Table 2: Method comparison summary statistics of nurse operated POCT for CD4, Hb, ALT, Creatinine and lactate versus laboratory generated reference 

results. The sections highlight independent studies performed at two different clinic sites (CHRU and CCMT) using venepuncture derived specimens. A 

section is included for the use of the Vacudrop at one site.  

Venipuncture POCT at CHRU CD4 (cells/l) Hb (g/dl) ALT (U/l) Cr (umol/l) Lactate (mmol/l) 

n  152 157 146 156 93 

Median routine lab 361 14 23 68 2.3 

Bias* (95% CI) -26 (16; 36) 0.3 (-0.36; -0.14) -7.4 (5.6; 9.0) -4.5 (2.09; 6.95) 0.01 (-0.13; 0.1) 

Mean % similarity (CV) 97 (8.1%) 101 (3.1%) 90 (11.5%) 97 (10.9%) 104 (14.7%)* 

Error rate (%) 6  0 0 0 0 

CD4 misclassification 350cell/l  

Total misclassification  

Sensitivity ; specificity (95% CI) 

Up; downward misclassification 

 

9.85% (false positive 9.2%)  

98.63% (92.60 - 99.97); 82.28% (72.06 - 89.96) 

1.4%; 17.7% 

CD4 misclassification 500cell/l 

Total misclassification  

Sensitivity ; specificity (95% CI) 

Up; downward misclassification 

 

7.2% (false positive 4.6%) 

96.61% (91.55 - 99.07); 79.41% (62.10 - 91.30) 

3.4%; 20.6% 

VacuDrop POCT at CHRU CD4 (cells/l) Hb (g/dl) ALT (U/l) Cr (umol/l) Lactate (mmol/l) 

13



 

 

n  82 71 22* Not done Not done 

Median routine lab 432 13.5 18.5   

Bias* (95% CI) 7.2 (-15.8; 1.5) 0.3 (-0.43; -0.2) -9.62 (1.79; 17.4)   

Mean % similarity (CV) 103 (11%) 101 (2.0%) 86 (13.3%)*   

CD4 misclassification 350cell/l  

Total misclassification  

Sensitivity ; specificity (95% CI) 

Up; downward misclassification 

  

7.3% (over = false positive 3.6%) 

89.5 (71.77 - 97.73); 94.4 (84.61 - 98.84) 

10.7%; 5.5% 

CD4 misclassification 500cell/l  

Total misclassification Sensitivity ; 

specificity (95% CI) 

Up; downward misclassification 

 

4.9% (false positive 1.2%)94.23% (84.05 - 98.79); 96.67% (82.78 - 99.92) 

5.8%; 3.3% 

 

 

Venipuncture POCT at CCMT CD4 (cells/l) Hb (g/dl) ALT (U/l) Cr (umol/l) Lactate (mmol/l) 

n 276 309 310 320 192 

Median routine lab 379 12.8 23 65 1.2 

Bias* (95% CI) -54 (45; 63) 0.16 (-0.19;-0.13) -3.1 (2.11; 4.14) -5.5 (4.49; 6.42) 1.1 (-1.18;-1.04) 

Mean % similarity (CV) 94 (10.3%) 101 (1.2%) 95 (9.5%) 96.5 (6.3%) 148 (19.4%)* 

Error rate (%) 4.3 0 0 0 0 
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CD4 misclassification 350cell/l  

Total misclassification  

Sensitivity ; specificity  (95% CI) 

Up; downward misclassification 

 

15.6% (false positive 14.1%) 

96.75 (91.88 - 99.11); 26.42% (15.26 - 40.33) 

3.3%; 73.6% 

CD4 misclassification 500cell/l  

Total misclassification 

Sensitivity ; specificity (95% CI) 

Up; downward misclassification 

 

11.6% (false positive 10.1%) 

98% (94.96 - 99.45); 63.16% (51.31 - 73.94) 

2%; 36.8% 

*smaller sample size
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instruments. One sample for each instrument tested flagged outside the reference range 

according to the Z-score of >2, but the values were not in the clinically relevant range. 

 

Table 2 and Figure 2 (A-J) detail the method comparison statistics and scatter plots of nurse 

operated POCT compared to laboratory reference results. Pima CD4 testing performed at 

CHRU had a bias of -26cells/µl which showed better accuracy than testing performed at 

CCMT (-54cells/µl), in spite of their similar CD4 results (similar CD4 median and range). 

CD4 testing performed at CCMT also yielded more misclassification at the 350cells/l and 

the 500cell/µl thresholds than testing performed at CHRU. At both sites, however, 

misclassification of CD4 using Pima would have resulted in more patients identified for ART 

initiation. The Pima CD4 error rates at both sites were similar. 

The performance of ALT and lactate POCT was variable and significantly different between 

the sites (CI did not overlap), but the majority of specimens were within the clinically relevant 

range, and would not have resulted in a change in clinical management.  

The bias for Hb and creatinine testing was accurate and similar at both sites. POC testing of 

CD4, Hb and ALT using the VacuDrop at CHRU generated acceptable bias values similar to 

the main study at this site.  

 

Qualitative analysis multi-disciplinary POCT  

POCT ease of use: Practical training for the nurses on all the POCT instruments took 

approximately half a day per instrument and included sample testing, performing QC, 

instrument maintenance and troubleshooting. Additionally, the POC nurse had to be trained 

on general laboratory safety, handling of a pipette, waste disposal and laboratory spill clean-

up. Apart from hard copy standard operating procedures provided to each POC testing 

laboratory, it was found that quick reference charts containing visual aids were preferred. 

Upon interview of the nurses after the study, no difficulties in performing the individual POCT 

were reported. Both the Reflotron pipettes and Vacudrop were easy to use. However, with 

the Vacudrop there was no guarantee or quality measure to ensure single use only.  
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The need for additional consumables to perform multiple POCT: Several POCT 

consumables were required which were not typical to the clinic environment. These were: 

pipettes (10-100µl) (requiring calibration) and sterile pipette tips (universal: 10-100µl) for 

blood sample dispensing, parafilm/plastic for Hb microcuvette filling and specimen racks for 

transport of blood tubes to the POCT laboratory. To ensure safety, several additional 

components were required: laboratory coat, non-powdered gloves, suitable disinfectant, 

ethanol and bleach for instrument cleaning, measuring cylinder for preparing cleaning 

reagents, wash bottles for storing reagents and paper towel. Miscellaneous items required 

were: multi-plugs, network cables, fridge for EQA/QC material storage, paper for result 

printing.  

 

The number of added duties required to perform multiple POCT: Table 3 lists the 

general responsibilities (duties) required by nurses in HIV ART clinics (not specific to the two 

 

Table 3: List of general clinic duties for nurses in HIV ART clinics and the added duties required for 

performing multiple POCT. 

Current clinic duties POC DUTIES (pre-analytical, analytical, post-analytical) 

Patient registration Additional finger stick/venepuncture 

History taking Specimen labeling 

Physical examination Multiple instrument QC testing (~ four instruments) 

Counseling Multiple instrument maintenance (~four instruments) 

Rapid HIV testing (HCT) Perform POCT (ALT, Creat, Hb: <2minutes; PIMA = 20 minutes; Xpert 

MTB/RIF =2 hours*) 

Pregnancy testing Result recording/printing/reporting 

Phlebotomy  External quality assessment (EQA) 

Treatment Infection control 

Return visit booking Spill cleaning 

 Waste disposal 

 Additional skills required: Phlebotomy and pipetting skills 

 Additional duties: Operator certification and on-going monitoring, 

managing test failures, instrument downtime, stock and waste control, 

specimen storage. 

*GeneXpert test added since this could also be included for POCT in ART clinics. 
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clinic sites in our study) and then the additional list of duties that the nurse would perform if 

they were responsible for POCT, as seen in our study.  

 

The length of time to perform the multiple POCT: This was measured at the CHRU site 

(n=160) and showed the earliest time a POCT was performed was 9:30am (median 11:00; 

which did include patient consent and enrolling). The latest time a POCT was performed was 

16:26pm (median 12:25). The median time from starting the first POCT to starting the last 

POCT varied, depending on the number and type of tests requested; when CD4 was 

included, 4 tests took 1hr47minutes; when CD4 was not included, 3 tests took 6minutes. The 

median number of patients that could be consented, enrolled, bled and tested by one study 

nurse in one day was 7 (minimum 2, maximum 12).  It should be noted that this was under 

circumstances where dedicated nursing staff were placed at sites to only perform this study. 

 

POCT errors: At the CHRU site, the PIMA CD4 instrument reported 9 errors (6%). Channel 

filling error was reported once and device application errors were reported 8 times, all of 

which were repeated. CCMT reported an error rate for the PIMA CD4 up to 4.3% (13/302) of 

which only one specimen could not be resulted on repeat testing.  No errors or invalids were 

reported for the HemoCue, Reflotron and Accutrend. A total of five (5/469) transcription 

errors (incorrect value) were discovered during the statistical analysis at the CCMT site and 

three (3/324) at the CHRU site, totalling 1%. 

 

Discussion 

A plethora of POC technologies are in the HIV and TB diagnostic pipeline which will require 

rigorous evaluation to assess performance in the field. This is the first study in South Africa 

to investigate nurse operated multi-disciplinary POCT for ART initiation and monitoring in a 

clinical site. In our setting, nurses were easily trained on multiple POCT platforms placed in a 

dedicated POC testing room, with minimal disruption to clinic workflow. The combination of 

training materials developed was effective in ensuring competency.  
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Although POCT has been shown to reduce errors in only a few steps of the entire testing 

process compared to laboratory testing, quality and risk management is still required 51. To 

this end, our dedicated nurses showed 100% compliance on the test specific QC procedures 

from each of the POC manufacturers. In addition, NHLS EQA material was also trialled on 

the Pima, HemoCue and Accutrend and demonstrated suitability on POC instruments tested 

performed by non-laboratory trained staff. EQA in future will be an important component of 

ensuring quality management of the entire POCT process but may require development or 

modification before scale up of current services for POCT sites. In South Africa, the South 

African National Accreditation System (SANAS) has ISO guidelines for medical testing 

laboratories (ISO 15189) and more recently, specifically for the implementation of POCT 

(ISO 22870).  

 

Overall, 70% of our study patients required 3 or more tests per visit in both clinic settings. 

This raises several issues if multiple POCT is to be implemented. Firstly, if a venepuncture 

specimen is used, which has been shown in some circumstances to be more accurate 40, 

this could be used for repeat testing and/or referral of residual blood to the laboratory in the 

case of test failures. Venepuncture will however, require skill in phlebotomy and qualification 

as HPCSA/SANAS/National Department of Health/NHLS regulated personnel (at least in 

South Africa where the study was conducted), as well as extra training on opening blood 

specimens in a ―non-laboratory‖ environment (or use of the Vacudrop). A further challenge 

will be to minimise duplication in services. Capillary sampling is easier to perform by ―non-

regulated‖ operators and will allow task shifting and decentralisation 52, but would require 

multiple finger sticks per patient per clinic visit a process which has been shown to be 

accurate 40.   

The accuracy of nurse operated multiple POCT was demonstrated. Hemocue Hb testing in 

particular, showed excellent agreement with predicate methodology as shown previously 53 

and the same was true for CD4 and ALT. Cr and lactate at POC showed increased 

variability, the former is known to be challenging due to variations in haematocrit and 
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interference by bilirubin 54. This may be due to variability between operators (two different 

nurses performed POCT at CCMT site) and some seasonal variability (some testing done in 

winter at CHRU site, possibly leading to colder hands, poorer blood flow) 30. This seasonal 

variability may also have resulted in the differences in CD4 bias observed between the two 

clinic sites 30. The CD4 misclassification using Pima was within reported limits of a recently 

published Pima CD4 meta-analysis 48.  In spite of quality systems in place at the POCT sites, 

error rates (4.3-6%) were evident from the PIMA CD4 instrument only, but were in line with 

other studies 39, 55. The frequency of these errors could be minimized with intensive and 

ongoing training as was shown previously 40. Although the study was performed on a 

venipuncture specimen and residual blood was available for repeat testing, this would have 

an impact on increasing overall POC testing costs. This together with characteristics of the 

CD4 technology platform (Pima CD4 over-misclassification) will need to be taken into 

consideration before implementation.  

 

Another aspect which will impact on overall POCT costs and should be considered prior to 

implementation of POCT in the field, is the need for added ‗consumables‘ to ensure the 

safety of POC operators and patients. At a bear minimum, the use of gloves and gown/ 

laboratory coat, hand-washing facilities and disinfectants for cleaning should be imperative 

to protect the POC operator from blood-borne pathogens. Most of these items are not 

commonly available within a clinic environment and thus for the purposes of this study, a 

clinic POC ‗starter-kit‘ was developed which provided all needed items such as laboratory 

coat, wash bottles (for disinfectant), plastic measuring cylinder (for preparation of 

disinfectants), ethanol, bleach, hand-wash, standard operating procedures and quick 

reference testing charts. Going forward this would need to be the responsibility of the service 

provider.  

 

The length of time taken to perform and result multiple POCT would require workflow 

considerations within the clinic. In this study, at least 22 extra duties were required by a 
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NIMART (nurse initiated management of antiretroviral treatment) trained nurse 56. This will 

further increase with the addition of screening tests such as cryptococcal antigen and 

hepatitis B antigen 25. An increase in workload leads to increased transcription errors and 

even in this study, where dedicated nurses performed POCT without any NIMART duties, 

transcription errors occurred. The need for centralized data monitoring and the ability to 

interface with information systems is required 10, 57 to ensure that data can be audited and 

managed.  

 

For wide-scale implementation of POCT in South Africa, the first step will need to be 

identification of appropriate clinics where there are gaps in service delivery. This is already 

being done through Geographical Information System (GIS) mapping tools, not only to 

identify gaps but also decide on the most cost-effective implementation strategies. The role 

of connectivity, cost-effectiveness and overall impact of POCT remain to be addressed 

through a randomised controlled trial.  

 

Acknowledgments 

We wish to thank Sisters Matilda Nduna, Ronel Newman and Sharon Enslin for performing 

the POCT and their valuable input in the study. Thank you also to the National Health 

Laboratory Service Quality Assurance Division for provision of EQA material for the study.  

 

References 

1. Gubala V, Harris LF, Ricco AJ, et al. Point of care diagnostics: status and future. 
Anal Chem. Jan 17 2012;84(2):487-515. 

2. Nkengasong JN, Nsubuga P, Nwanyanwu O, et al. Laboratory systems and services 
are critical in global health: time to end the neglect? Am J Clin Pathol. Sep 
2010;134(3):368-373. 

3. Peeling RW, Mabey D. Point-of-care tests for diagnosing infections in the developing 
world. Clin Microbiol Infect. Aug 2010;16(8):1062-1069. 

21



 Implementing nurse operated multiple point of care testing 

 

4. Mayosi BM, Benatar SR. Health and Health Care in South Africa — 20 Years after 
Mandela. New England Journal of Medicine. 2014;371(14). 

5. Yager P, Domingo GJ, Gerdes J. Point-of-care diagnostics for global health. Annu 
Rev Biomed Eng. 2008;10:107-144. 

6. Nichols JH. Point of care testing. Clin Lab Med. Dec 2007;27(4):893-908, viii. 
7. St John A. The Evidence to Support Point-of-Care Testing. Clin Biochem Reviews. 

2010;31(3):111-119. 
8. The Diabetes Control and Complications Trial Research Group. The effect of 

intensive treatment of diabetes on the development and progression of long-term 
complications in insulin-dependent diabetes mellitus. N Engl J Med. Sep 30 
1993;329(14):977-986. 

9. Kilgore ML, Steindel SJ, Smith JA. Evaluating stat testing options in an academic 
health center: therapeutic turnaround time and staff satisfaction. Clin Chem. Aug 
1998;44(8 Pt 1):1597-1603. 

10. Kost GJ. Preventing medical errors in point-of-care testing: security, validation, 
safeguards, and connectivity. Arch Pathol Lab Med. Oct 2001;125(10):1307-1315. 

11. Parvin CA, Lo SF, Deuser SM, et al. Impact of point-of-care testing on patients' 
length of stay in a large emergency department. Clin Chem. May 1996;42(5):711-
717. 

12. Price CP. Regular review: Point of care testing. Br Med J. 2001;322:1285-1288. 
13. Rush E, Crook N, Simmons D. Point-of-care testing as a tool for screening for 

diabetes and pre-diabetes. Diabet Med. Sep 2008;25(9):1070-1075. 
14. Pai NP, Vadnais C, Denkinger C, et al. Point-of-care testing for infectious diseases: 

diversity, complexity, and barriers in low- and middle-income countries. PLoS Med. 
2012;9(9):e1001306. 

15. Summerton AM, Summerton N. The use of desk-top cholesterol analysers in general 
practice. Public Health. Sep 1995;109(5):363-367. 

16. O'Kane MJ, McManus P, McGowan N, et al. Quality error rates in point-of-care 
testing. Clin Chem. Sep 2011;57(9):1267-1271. 

17. Parikh CR. A point-of-care device for acute kidney injury: a fantastic, futuristic, or 
frivolous 'measure'? Kidney International. 2009;76:8–10. 

18. ISO 22870:20062006. ISO Point-of-care testing (POCT) - Requirements for quality 
and competence. International Organisation for Standardization, 2006. Available at: 
http://www.iso.org/iso/catalogue_detail.htm?csnumber=35173. Accessed 
23.02.2015. 

19. Nichols JH, Christenson RH, Clarke W, et al. Executive Summary: The National 
Academy of Clinical Biochemistry. Laboratory Medicine Practice Guideline: 
Evidence-based practice for point-of-care testing. Clinica Chimica Acta. 2007;379:14-
28. 

20. Briggs C, Guthrie D, Hyde K, et al. Guidelines for point-of-care testing: Haematology. 
British Journal of Heamatology. 2008;142:904-915. 

21. Cvitkovic M. Point-of-care testing. Conception, regulations, and usage. Crit Care 
Nurs Q. Apr-Jun 2011;34(2):116-127. 

22. Stevens WS, Marshall TM. Challenges in implementing HIV load testing in South 
Africa. J Infect Dis. Apr 15 2010;201 Suppl 1:S78-84. 

23. Lawn SD, Fraenzel A, Kranzer K, et al. Provider-initiated HIV testing increases 
access of patients with HIV-associated tuberculosis to antiretroviral treatment. S Afr 
Med J. Apr 2011;101(4):258-262. 

24. Analysis of POCT/VCT performed at South African primary health care clinics. 
Generated for US Centres for Disease Control and Prevention and the SA 
Department of Health. Strategic Evaluation Advisory and Development Consulting 
(SEAD), 2010. Available at: http://www.sead.co.za/publications.php. Accessed 
23.10.2014. 

25. March 2014 supplement to the 2013 consolidated guidelines on the use of 
antiretroviral drugs for treating and preventing HIV infection recommendations for a 

22



 Implementing nurse operated multiple point of care testing 

 

public health approach. World Health Organisation, 2014. Available at: 
http://www.zero-hiv.org/wp-
content/uploads/2014/03/Technical_Report_template_Topic5_27feb_FINAL_LR_WE
B.pdf. Accessed 20.02.2015. 

26. Stevens WS, Ford N. Time to reduce CD4+ monitoring for the management of 
antiretroviral therapy in HIV-infected individuals. S Afr Med J. Aug 2014;104(8):559-
560. 

27. National consolidated guidelines for the prevention of mother-to-child transmission of 
HIV (PMTCT) and the management of HIV in children, adolescents and adults. South 
African National Department of Health, 2014. Available at: 
http://www.sahivsoc.org/practise-guidelines/national-dept-of-health-guidelines. 
Accessed 19.02.2015. 

28. Jani IV, Sitoe NE, Chongo PL, et al. Accurate CD4 T-cell enumeration and 
antiretroviral drug toxicity monitoring in primary healthcare clinics using point-of-care 
testing. AIDS. Mar 27 2011;25(6):807-812. 

29. Professional Boards: Rules and Regulations. Health Professions Council of South 
Africa, 2013. Available at: http://www.hpcsa.co.za/PBMedicalTechnology/Rules. 
Accessed 19.02.2015. 

30. Gous N, Scott L, Potgieter J, et al. Feasibility of Performing Multiple Point of Care 
Testing for HIV Anti-Retroviral Treatment Initiation and Monitoring from Multiple or 
Single Fingersticks. PLoS One. 2013;8(12):e85265. 

31. Nkengasong JN. A shifting paradigm in strengthening laboratory health systems for 
global health: acting now, acting collectively, but acting differently. Am J Clin Pathol. 
Sep 2010;134(3):359-360. 

32. Jani I V, Peter TF. How point-of-care testing could drive innovation in global health. N 
Engl J Med. Jun 13 2013;368(24):2319-2324. 

33. Drain PK, Hyle EP, Noubary F, et al. Diagnostic point-of-care tests in resource-
limited settings. Lancet Infect Dis. Mar;14(3):239-249. 

34. Fox MP, Maskew M, MacPhail AP, et al. Cohort Profile: The Themba Lethu Clinical 
Cohort, Johannesburg, South Africa. International Journal of Epidemiology. 
2013;42:430-439. 

35. Stevens W. Good clinical laboratory practice (GCLP): the need for a hybrid of good 
laboratory practice and good clinical practice guidelines/standards for medical testing 
laboratories conducting clinical trials in developing countries. Qual Assur. Apr-Jun 
2003;10(2):83-89. 

36. The South African Antiretroviral Treatment Guidelines. South African National 
Department of Health, 2010. Available at: 
http://www.uj.ac.za/EN/CorporateServices/ioha/Documentation/Documents/ART%20
Guideline.pdf. Accessed 03.03.2012. 

37. Increasing treatment coverage for HIV/AIDS, malaria and TB through Market 
Solutions: 2nd Edition of UNITAID Diagnostic Technology Landscape Report 
Published. UNITAID, June 2012. Available at: http://www.unitaid.eu/resources-
2/news/949-2nd-edition-of-unitaid-diagnostic-technology-landscape-report-published. 
Accessed 23.02.2013. 

38. Gounden V, George J. Multi point of care instrument evaluation for use in anti-
retroviral clinics in South Africa. Clin Lab. 2012;58(1-2):27-40. 

39. Diaw PA, Daneau G, Coly AA, et al. Multisite evaluation of a point-of-care instrument 
for CD4(+) T-cell enumeration using venous and finger-prick blood: the PIMA CD4. J 
Acquir Immune Defic Syndr. Dec 1 2011;58(4):e103-111. 

40. Glencross DK, Coetzee LM, Faal M, et al. Performance evaluation of the Pima point-
of-care CD4 analyser using capillary blood sampling in field tests in South Africa. J 
Int AIDS Soc. 2012;15:3. 

41. Mtapuri-Zinyowera S, Chideme M, Mangwanya D, et al. Evaluation of the PIMA 
point-of-care CD4 analyzer in VCT clinics in Zimbabwe. J Acquir Immune Defic 
Syndr. Sep 2010;55(1):1-7. 

23



 Implementing nurse operated multiple point of care testing 

 

42. Sukapirom K, Onlamoon N, Thepthai C, et al. Performance evaluation of the Alere 
PIMA CD4 test for monitoring HIV-infected individuals in resource-constrained 
settings. J Acquir Immune Defic Syndr. Oct 1 2011;58(2):141-147. 

43. Verification of Performance Specifications Brochure #2: What is it and how do I do it? 
Clinical Laboratory Improvement Amendments (CLIA), 2004. Available at: 
http://www.cms.gov/Regulations-and-
Guidance/Legislation/CLIA/CLIA_Brochures.html. Accessed 23.02.2015. 

44. Bland JM, Altman DG. Statistical methods for assessing agreement between two 
methods of clinical measurement. Lancet. Feb 8 1986;1(8476):307-310. 

45. Scott LE, Galpin JS, Glencross DK. Multiple method comparison: statistical model 
using percentage similarity. Cytometry B Clin Cytom. Jul 2003;54(1):46-53. 

46. Lin LI. A concordance correlation coefficient to evaluate reproducibility. Biometrics. 
Mar 1989;45(1):255-268. 

47. McBride GB. A proposal for strength of agreement criteria for Lin.s.Concordance 
Correlation Coefficient. NIWA client report HAM2005-062. Report for Ministry of 
Health. 2005. 

48. Scott LE, Campbell J, Westerman L, et al. A meta-analysis of the performance of the 
Pima CD4 for point of care testing. BMC Med. 2015;13:168. 

49. MedCalc. Online Medical calculators. www.medcalc.com. 
50. Quality Requirements: RCPA (Australasian) Quality Requirements. Royal College of 

Pathologists of Australasia, 2009. Available at: https://www.westgard.com/rcpa.htm. 
Accessed 15.11.2012. 

51. Plebani M. Does POCT reduce the risk of error in laboratory testing? Clin Chim Acta. 
Jun 2009;404(1):59-64. 

52. Zachariah R, Reid SD, Chaillet P, et al. Viewpoint: Why do we need a point-of-care 
CD4 test for low-income countries? Trop Med Int Health. Jan 2011;16(1):37-41. 

53. Nkrumah B, Nguah SB, Sarpong N, et al. Hemoglobin estimation by the 
HemoCue(R) portable hemoglobin photometer in a resource poor setting. BMC Clin 
Pathol. 2011;11:5. 

54. Shephard MD. Point-of-Care Testing and Creatinine Measurement. Clin Biochem 
Rev. May 2011;32(2):109-114. 

55. Malagun M, Nano G, Chevallier C, et al. Multisite evaluation of point of care CD4 
testing in Papua New Guinea. PLoS One. 2014;9(11):e112173. 

56. Cameron D, Gerber A, Mbatha M, et al. Nurse-initiation and maintenance of patients 
on antiretroviral therapy: are nurses in primary care clinics initiating ART after 
attending NIMART training? S Afr Med J. Feb 2012;102(2):98-100. 

57. Kim JY, Lewandrowski K. Point-of-care testing informatics. Clin Lab Med. Sep 
2009;29(3):449-461. 

 
 
 

24




