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Abstract

Introduction

Effective point-of-care testing (POCT) is reliant on optimal specimen collection, quality

assured testing, and expedited return of results. Many of the POCT are designed to be used

with fingerstick capillary blood to simplify the blood collection burden. However, fingerstick

blood collection has inherent errors in sampling. An evaluation of the use of capillary and

venous blood with CD4 POCT was conducted.

Methods

Three different specimen collection methods were evaluated for compatibility using the

Alere Pima CD4 assay at 5 HIV/AIDS healthcare sites in Dar es Salaam, Tanzania. At each

site, whole blood specimens were collected from enrolled patients by venipuncture and fin-

gerstick. Pima CD4 testing was performed at site of collection on venipuncture specimens

(Venous) and fingerstick blood directly applied to a Pima CD4 cartridge (Capillary-Direct)

and collected into an EDTA microtube (Capillary-Microtube). Venous blood was also tested

at the laboratory by the reference CD4 method and Pima for comparison analysis.

Results

All three specimen collection methods were successfully collected by healthcare workers for

use with the Pima CD4 assay. When compared to the reference CD4 method, Pima CD4

testing with the Capillary-Microtube method performed similarly to Venous, while Pima CD4

counts with the Capillary-Direct method were slightly more biased (-20 cells/μL) and variable
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(-229 to +189 cells/μL limit of agreement). Even though all three collection methods had sim-

ilar invalid Pima testing rates (10.5%, 9.8%, and 8.3% for Capillary-Direct, Capillary-Micro-

tube, and Venous respectively), the ability to perform repeat testing with Capillary-Microtube

and Venous specimens increased the likelihood of acquiring a valid CD4 result with the

Pima assay.

Conclusions

Capillary blood, either directly applied to Pima CD4 cartridges or collected in an EDTA

microtube, and venous blood are suitable specimens for Pima CD4 testing. The advantages

of capillary blood collection in an EDTA microtube are that it uses fingerstick collection

which mimics venous blood and allows extra testing without additional blood collection.

Introduction

WHO currently recommends antiretroviral therapy (ART) for all HIV positive patient regard-

less of CD4 counts, but in many resource limited settings, CD4 counts are used in the manage-

ment of HIV-positive patients to evaluate immune status and to direct treatments of suspected

opportunistic infection [1,2]. CD4 testing is traditionally performed in a clinical laboratory

and depending on the laboratory capacity, the results are typically available within 2 to 14 days

after the HIV patient provides a specimen[3]. Problems exist in the management of HIV

patient care when CD4 results are not utilized for reasons including, patient not providing a

specimen or not returning to obtain their CD4 results[4]. To address this problem, healthcare

programs are using point-of-care tests (POCT) to provide CD4 results when patients are at the

site, which allows for better retention into care and reduces lost-to-follow up[5]. One such

CD4 POCT is the Alere Pima CD4 assay[6].

Whole blood specimens collected by venipuncture have been widely used as the acceptable

sample for CD4 testing. Although effective, venipuncture requires skilled phlebotomists, may

cause anxiety in patients, and has biosafety concerns[7]. These venipuncture issues are relevant

in high HIV/AIDS disease burden settings where the number of trained and skilled healthcare

workers are scarce[8]. Capillary whole blood collected by fingerstick has been used as an alter-

native specimen collection method in children and with patients in which venipuncture is dif-

ficult and is an acceptable specimen form many POCT, incliding HIV rapid testing[7, 9]. The

Pima CD4 assay is capable of using both venous and capillary (fingerstick) whole blood

specimens.

For POCT, capillary whole blood specimens may have some inherent differences from

venous specimens which could affect the accuracy and reliability. The drop-to-drop variation

from capillary blood suggest caution when using measurement from a single drop of finger-

stick blood[10]. This drop-to-drop variation may be eliminated by collecting a more homoge-

nous specimen into a microtube blood collection device. Also, capillary blood specimens tend

to have higher white and red blood cell counts, hematocrit, and hemoglobin levels and to be

less precise due to variability in collection[11–14]. However, elevated white counts in capillary

blood were mainly due to an increase in granulocyte cells with little effect from the lymphocyte

population[14]. Furthermore, absolute CD4 count and percentages obtained using capillary

whole blood have been shown to be in agreement with those obtained from venous blood [15,

16]. But, a number of studies have reported challenges with using fingerstick capillary blood in
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CD4 POCT, demonstrating the need for improvement in specimen collection methods and

use in in CD4 POCT[17, 18]. Additionally, fingerstick collection for quantitative assays like

CD4 testing requires techniques to establish a good blood flow, prevent hemolysis, and reduce

the addition of interstitial fluids to the specimen[7, 9, 15].

We evaluated using fingerstick and venipuncture blood specimens with the Pima CD assay

at HIV/AIDS care and treatment clinics in Dar es Salaam, Tanzania. We were able to assess

the ability of the healthcare worker at the site to collect specimens and to generate accurate

and reliable point-of-care CD4 results with the Pima CD4 assay. Included in this study was the

addition of an EDTA microtube specimen collected by fingerstick and it comparison to finger-

stick specimens directly applied to POCT device.

Methods

Study design

Informed consent was obtained from all patient and HCW participants in accordance with the

United States Department of Health and Human Services’ 45 CFR 46 Protection of Human

Subjects. Prior to study initiation, ethics approval was obtained from the Tanzania National

Institute for Medical Research, Tanzanian Ministry of Health and Social Welfare. An evalua-

tion of specimen types (capillary versus venous blood), and collection methods (direct applica-

tion versus blood tube) was performed with the Pima CD4 assay. At the point-of-care site,

healthcare workers (HCW) collected whole blood specimens for Pima CD4 testing from

enrolled participants via fingerstick and venipuncture. Fingerstick blood was directly applied

to the Pima CD4 cartridge and collected into an EDTA microtube. Pima CD4 testing was per-

formed on each patient at the site of collection by the HCW on all 3 specimen collection types:

fingerstick direct application (Capillary-Direct), fingerstick EDTA microtube (Capillary-

Microtube), and venous EDTA whole blood (Venous). After Pima CD4 testing at the site, the

each patient’s venous EDTA tube was transported to the reference laboratory for CD4 testing

using a reference CD4 method and the Pima CD4 assay.

Five high-volume healthcare site in close proximity to the reference laboratory National

Health Laboratory Quality Assurance Training Center that provided HIV care and treatment

(CT) and Prevention of Mother to Child Transmission (PMTCT) were chosen for specimen

collection and Pima testing. All sites were in Dar es Salaam. HIV-positive male and female

patients between 8 and 65 years of age attending the selected sites and requiring a routine CD4

test were approached to participate in the study.

Specimen collection

Fingerstick capillary blood collection was done by a standard method for a spontaneous

blood flow with minimal hemolysis and blood dilution with interstitial fluid, S1 and S2 Figs

[7, 9]. A single-used 1.6 x1.5 mm blade lancet (Safety-Lancet, Sarstedt, Inc) was used to

prick the side of the third or fourth finger. After wiping away the first drop of blood, whole

blood was collected into both the Pima CD4 cartridge and EDTA microtube (BD Microtai-

ner, BD Diagnostic, USA). If necessary to increase the blood flow, slight pressure was

applied to the finger above and distal to the puncture site. HCW were trained at the site on

fingerstick collection by study trainer who is experienced and certified in phlebotomy. All

HCW had to demonstrate competency in fingerstick collection prior to study start. Collec-

tion of peripheral blood via venipuncture was done using EDTA vacuum tubes (BD Vacu-

tainer, BD Diagnostics, USA).

Fingerstick EDTA Microtube Advantage in CD4 POCT.
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CD4 count testing

The Pima CD4 assay (Alere Inc., Waltham, Maryland, USA) consists a of a Pima Analyzer, a

portable bench-top fixed volume cytometer, used for processing and analysis of Pima CD4 car-

tridges to provide absolute CD4 counts (cells /μL). Nineteen Pima Analyzers were used to per-

form Pima CD4 testing at all five healthcare sites and at the NHLQATC. For Pima CD4 testing

with Capillary-Microtube and Venous specimens, a blood sample was applied a Pima CD4 car-

tridge using a disposable transfer pipette. Each Pima CD4 cartridge was analyzed with the

Pima Analyzer within one minute of applying blood to the cartridge. All healthcare workers

and laboratorians performing Pima CD4 in this study were extensively trained on the Pima

CD4 assay including use of and interpretation of quality control materials.

CD4 count testing using BD MultiTest CD3/CD4/CD8/CD45 reagent and Trucount tubes

with BD FACSCalibur (Becton Dickinson, San Jose, California, USA) was performed at the

NHLQATC with Venous specimens. BD MultiSet software was used to analyze results.

Data analysis

All patient demographics and CD4 results were recorded in a Microsoft database and analyzed

with Microsoft Excel. Pima CD4 data were exported directly from each Pima Analyzer and

used to determine the number of Pima tests performed, invalid test rates, and types of invalid

tests. The estimate of error was evaluated by scatter-plot and best-line analysis with linear

regression to determine coefficient of determination (R2), slopes, and y-intercepts[19]. Bland-

Altman analysis was done to determine systematic bias and imprecision of the Pima CD4

assay[20].

Results

Demographics and specimen collection

A total of 1060 patients from five HIV/AIDS healthcare sites were enrolled during a 5 week

period in 2011. Four of the five healthcare sites enrolled between 164 to 198 patients and the

other site enrolled 345 patients during this time period (Table 1). Of the total patients, 856

(81%) were female of which 162 (15% of total) were pregnant and receiving PMTCT service. A

majority, 648 (61%) of the patients were on ARV treatment. The age range of the patients ran-

ged from 8 to 65 years old, with 4% of the patients less than 18 years old and 7% greater than

49 years old.

Overall, there were few compromised specimens due to difficulties or errors associated with

blood collection. Of the 1060 patients, 25 (2.8%) of the fingerstick blood collections were of

insufficient volume, 6 (0.6%) clotted, and 2 (0.2%) were reported as being difficult to collect

(data not shown). Each of the compromised specimens resulted in the inability to acquire a

CD4 result. Patients were allowed to refuse specimen collection at any time during the study

and one patient did refuse fingerstick blood collections, while none refused venipuncture.

Pima CD4 testing numbers and invalid test rates

A total of 15 HCW performed Pima CD4 testing on 19 Pima Analyzers (Table 1). Overall,

there were 4536 Pima CD4 tests performed on whole blood specimens at the five healthcare

sites and the NHLQATC reference laboratory (Table 2). The 4536 Pima CD4 test included

tested of all 1060 patient specimen types at the healthcare sites and venous blood testing at the

NHLQATC plus any repeat testing. Of the 4536 Pima tests, 469 (10.3%) were invalid with an

error message reported by the Pima Analyzer. At the five healthcare sites, 316 (9.5%) of the

3317 Pima tests were invalid compared to 153 (12.6%) of the 1219 Pima tests at the NHLQATC

Fingerstick EDTA Microtube Advantage in CD4 POCT.
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laboratory. Fingerstick specimens directly applied to the Pima CD4 cartridge (Capillary-

Direct) accounted for 1056 of the Pima tests at healthcare sites and included 111 (10.5%)

invalid tests. Also at the healthcare sites, Capillary-Microtube and Venous specimens

accounted for 1118 and 1143 of the Pima tests respectively, and included 110 (9.8%) and 95

(8.3%) invalid tests, respectively.

The Pima Analyzer reports the error types for each of the invalid tests. We compiled these

error messages to determine if a particular specimen type was prone to a specific invalid test(s)

code (Table 2). Capillary-Direct specimens had the highest percentage (68% 30/44) of the

channel filling error code, Invalid Test Error 810. At the healthcare sites, a majority (93% 53/

57) of the Invalid Test Error 880 codes were associated with Capillary-Microtube and Venous

specimens, which were possibly due to cell movement or bubbles in the Pima CD4 cartridge

during testing. Invalid Test Error 850 code was 35% (164/469) of the total invalid Pima CD4

tests. This error code is likely to occur with improper loading and filling with blood into the

Pima CD4 cartridge, resulting in errors that affect the Pima CD4 assay. However, Pima CD4

Table 1. Demographic of patients enrolled by healthcare site.

Age (years)

N = Female Male On ARV Pregnant <18 18–49 >49 HCWa Pimab

Site 1 176 143 30 115 15 13 154 8 3 2

Site 2 164 152 12 49 46 1 152 4 4 2

Site 3 345 241 104 262 10 25 275 42 2 5

Site 4 198 161 36 105 61 5 170 16 2 3

Site 5 177 159 18 117 30 3 163 8 2 3

Reference Lab 2 4

Totals 1060 85 (81%) 200(19%) 648(61%) 162(15%) 47(4%) 914(86%) 78(7%) 15 19

a HCW: Number of Healthcare Worker/Laboratorian at each site performing Pima CD4 testing
b Number of Pima Analyzers at each site

https://doi.org/10.1371/journal.pone.0202018.t001

Table 2. Invalid Pima CD4 tests per testing site and specimen type.

Healthcare Sites

Pima Error Message Possible Reasons Capillary-Direct Capillary-Microtube Venous Total Lab

Venous

Total

Invalid Test Error 810 Channel filling 30 7 7 44 5 49

Invalid Test Error 820 Focus control 0 0 1 1 0 1

Invalid Test Error 830 Specimen integrity 2 0 0 2 0 2

Invalid Test Error 840 Dirt on cartridge 1 1 1 3 0 3

Invalid Test Error 850 Sample/bubbles 42 38 27 107 57 164

Invalid Test Error 860 Reagent/bubbles 17 27 16 60 33 93

Invalid Test Error 880 Cell movement/bubbles 4 24 29 57 18 75

Invalid Test Error 910 Image/bubbles/Dirt 9 9 7 25 14 39

Invalid Test Error 930 Homogeneity/unlikely 1 1 0 2 1 3

Invalid Test Error 940 Sample/dirt 5 2 3 10 14 24

Test not finished Error 200 Aborted test 0 1 4 5 11 16

Total # Invalid Tests 111 110 95 316 153 469

Total # Pima Tests 1056 1118 1143 3317 1219 4536

% Invalid Tests 10.5% 9.8% 8.3% 9.5% 12.6% 10.3%

https://doi.org/10.1371/journal.pone.0202018.t002
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cartridge or Analyzer could not be totally ruled out as the cause of Invalid Test Error 850.

Operator aborting the Pima testing (Error 200), either due to technical or mechanical prob-

lems with the Pima Analyzer or testing procedural errors caught by the operators, occurred in

3.4% (16/469) of all the invalid tests.

We analyzed the invalid Pima tests rates for each site to determine if a particular site was

more prone to Pima testing errors per blood specimen type (Table 3). Site #1 had the lowest

invalid test rate of 6.8% (37/544 Pima tests) compared to Site #4 with the highest 13.9% (91/

653). The other three healthcare sites had between 8.3% and 9.9% invalid Pima test rates. At

each site, the invalid Pima test rates were consistent between each of the specimen types, except

at Site # 2 where 14.4% (25/174) of the Capillary-Direct specimens had a Pima invalid test

compared to 6.9% (12/174) and 8.4% (15/179) of the Capillary-Microtube and Venous speci-

mens, respectively.

Pima CD4 results per specimen

HCW successfully collected whole blood by both fingerstick and venipuncture and performed

POCT with the Pima CD4 assay. However with Capillary-Direct specimens, a Pima CD4 result

could be acquired and recorded for only 90.1% (955/1060) of the patients (Table 4). This ability

to acquire and record a CD4 result with Capillary-Direct specimens varied among the health-

care sites, ranging between 84.8 to 92.5%. Pima CD4 results were recorded from 95.5% (1012/

106) of the Capillary-Microtube specimens, and varied between 94.9 to 98.2% at four of the

healthcare sites. Site #5 recorded Pima CD4 results for only 88.7% of the Capillary-Microtube

specimens. The ability to acquire CD4 results using the Pima CD4 assay was best with veni-

puncture specimens. Pima CD4 results were acquired for 99.1% (1050/1060) and 99.8% (1058/

1060) of the Venous specimens at the healthcare sites and NHLQATC, respectively. Also at the

NHLQATC, 99.5% (1055/1060) of the Venous specimens had CD4 results recorded with the

reference method, Multiset reagent with FACSCalibur.

Even though the invalid Pima test rate was similar for all three specimens at the healthcare

sites, 10.5%, 9.8% and 8.3% for Capillary-Direct, Capillary-Microtube, and Venous, respec-

tively; the ability to record a Pima CD4 result was different between the specimens, 90.1%,

Table 3. Healthcare sites invalid tests per specimen type.

Capillary-Direct Capillary-Microtube Venous Total

Site #1 Total # Invalid Test 13 11 13 37

Total # Pima Test 174 182 188 544

% Invalid Test 7.5% 6.0% 6.9% 6.8%

Site #2 Total # Invalid Test 25 12 15 52

Total # Pima Test 174 174 179 527

% Invalid Test 14.4% 6.9% 8.4% 9.9%

Site #3 Total # Invalid Test 26 35 26 87

Total # Pima Test 332 361 355 1048

% Invalid Test 7.8% 9.7% 7.3% 8.3%

Site #4 Total # Invalid Test 30 34 27 91

Total # Pima Test 201 225 227 653

% Invalid Test 14.9% 15.1% 11.9% 13.9%

Site #5 Total # Invalid Test 17 18 14 49

Total # Pima Test 175 176 194 545

% Invalid Test 9.7% 10.2% 7.2% 9.0%

https://doi.org/10.1371/journal.pone.0202018.t003
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95.5%, and 99.1% for Capillary-Direct, Capillary-Microtube, and Venous, respectively (Tables

2 and 4). This difference was due to the ability to perform repeat testing with Capillary-Mirco-

tube and Venous specimens. During this study, the HCW were instructed to only perform one

fingerstick per patient, although in a few situations a repeat fingerstick was performed by the

HCW to acquire a Pima CD4 results.

The failure to acquire a CD4 result with Capillary-Direct specimens was mostly due to an

invalid Pima test. With Capillary-Direct specimens, an invalid Pima tests contributed to 94 out

of 105 CD4 results not recorded (Table 5). With no opportunity to do repeat testing with Cap-

illary-Direct specimens, the event of an invalid Pima CD4 test resulted in a higher percentage

of Capillary-Direct specimen failures to acquire a CD4 results. Similarly, although few in num-

bers, the majority times (90%, 9/10) for not being able to record a CD4 result from Venous

specimens was due to invalid Pima tests.

Pima CD4 accuracy with fingerstick and venipuncture specimens

Pima CD4 testing with fingerstick and venipuncture whole blood specimens yielded absolute

CD4 counts that were in close agreement with paired venous specimens tested with the refer-

ence method using Multiset reagent and Trucount on FACSCalibur (Fig 1 and Table 6). With

fingerstick blood specimens directly applied to the Pima CD4 cartridge, scatter plot analysis

estimated the best-fit line to have a slope of 0.92 and y-intercept of +14 with a R2 value of 0.82.

Bland-Altman analysis with the same specimens estimates a bias of -20 cells/μL with a wide

Table 4. Specimens type with recorded a Pima CD4 result per site.

Pima CD4 Result Recorded

N = a Capillary-Direct Capillary-Microtube Venous

Site 1 176 161

(91.4%)

169

(96.0%)

174

(98.8%)

Site 2 164 149

(90.9%)

161

(98.2%)

164

(100%)

Site 3 345 319

(92.5%)

338

(98.0%)

342

(99.1%)

Site 4 198 168

(84.8%)

187

(94.4%)

194

(98.0%)

Site 5 177 158

(89.3%)

157

(88.7%)

176

(99.4%)

Total 1060 955

(90.1%)

1012

(95.5%)

1050

(99.1%)

a Number of patients enrolled per site

https://doi.org/10.1371/journal.pone.0202018.t004

Table 5. Reason for CD4 results recording failure by specimen type.

Capillary-Direct Capillary-MicroTube Venous

Pima Testing Error 94 14 9

Difficult Collection 2 0 0

Insufficient Volume 5 25 0

Blood Clotted 0 6 0

Not Tested 3 2 1

Patient Refused 1 1 0

Total 105 48 10

https://doi.org/10.1371/journal.pone.0202018.t005
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limit of agreement of -229 to +189 cells/μL. The scatter plot and Bland-Altman analysis of

both Capillary-Microtube and Venous specimens tested at the healthcare site yielded similar

results, with estimated slopes of 0.91 and 0.90, y-intercepts of +35 and +30, R2 value of 0.88

and 0.89, bias of 0 and-10, and standard deviation of bias of 86 and 83, respectively. Scatter

plot and Bland-Altman analysis of Venous specimens tested at the reference laboratory with

Fig 1. Scatter plots and Bland-Altman plots comparing the reference CD4 counts versus Pima CD4. Scatter and Bland-

Altman plots for capillary blood directly applied to CD4 cartridges, Pima-D (1A and 1B), capillary blood collected in EDTA

microtube, Pima-M (2A and 2B), venous blood,Pima-V (3A and 3B), or venous blood tested with the Pima at the reference

laboratory, Pima-Lab (4A and 4B) with reference CD4 assay being BD Multitest reagent and BD Trucount Tubes using a BD

FACSCalibur.

https://doi.org/10.1371/journal.pone.0202018.g001
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the Pima CD4 assay estimated the best-fit line slope to be 0.93, y-intercept +41 cells/ μL, y-

intercept, R2 value 0.89, bias of +7 cell/μL, and limit of agreement from -157 to +170 cells/μL,

similarly to those estimates generated with Capillary-Microtube and Venous specimens tested

at the healthcare site.

Discussion

Collecting fingerstick blood in an EDTA microtube and or using venous blood has advantages

over using a drop of fingerstick blood directly in a point-of-care testing cartridge. Data pre-

sented by Bond and Richards-Kortum showed higher average percent coefficient variation

between drops of fingerpick blood when analyzing for cell counts or hemoglobin levels[10].

They also showed that the drop-to-drip variation is reduced with cumulative volume, as would

be see in using an EDTA microtube with fingerstick collection. Our data also showed EDTA

microtube capillary performed similar to venous blood in regards to accuracy when compared

to a reference method. These finding should be taken in consideration of specimen type used

for other quantitative POCT, such as those for HIV viral load testing.

Another advantage of collecting fingerstick blood in an EDTA microtube and venous blood

is the ability to repeat a test without collecting another whole blood specimen from the patient.

The ability to repeat the Pima CD4 test in situations when an invalid test occurs allows for a

better chance of acquiring a CD4 test result from a patient; this was demonstrated with both

Capillary-Microtube and Venous specimens. Also when tested with the Pima CD4 assay, fin-

gerstick EDTA microtube specimens performed similarly to venipuncture blood collected in

an EDTA tube. Results from scatter-plot and Bland-Altman analysis revealed that fingerstick

EDTA microtube and venipuncture specimens were nearly identical when tested with the

Pima CD4 assay and compared to a reference CD4 method. Others have seen similar results

when testing flow cytometry based CD4 assay (FACSCalibur and FACSCount) with fingerstick

blood collected in an EDTA microtube versus venipuncture specimens[15, 16]. All of this sug-

gests that capillary EDTA microtube collected specimens resembles venipuncture whole blood

and that collecting higher volumes of capillary blood reduces the variability reported with use

of a single drop of fingerstick blood.

In HIV/AIDS patient management, multiple laboratory tests are needed for diagnosis of

HIV infection and in the care and treatment, including laboratory tests to monitor the health

status and detect possible opportunistic infection. Fingerstick blood collected in an EDTA

microtube allows for multiple testing and reflex testing without additional blood collection.

HIV rapid test could be performed with the EDTA microtube specimen, if positive, a CD4

count could be performed on this specimen, and if indicated a Cryptococcus antigen or com-

plete blood count.

Improving access to CD4 testing with point-of-care testing in high-burden, resource-lim-

ited settings has played a critical role in the scale up of ART for HIV/AIDS care and linkage to

treatment[21]. In order to improve access to testing, high quality and low-cost CD4 assays

Table 6. Summary of scatterplot and Bland-Altman analysis of Pima CD4 testing compared to reference CD4 method per location and specimen type.

Linear Regression Bland-Altman

Pima Location Specimen Slope Intercept R2 Mean Bias S.D. Limit of Agreement

Healthcare Site Capillary-Direct 0.92 +14 0.82 -20 104 -229, +189

Healthcare Site Capillary-Microtube 0.91 +35 0.88 0 86 -171, +171

Healthcare Site Venous 0.90 +30 0.89 -10 83 -175,+156

Laboratory Venous 0.92 +41 0.89 +7 82 -157, +170

https://doi.org/10.1371/journal.pone.0202018.t006

Fingerstick EDTA Microtube Advantage in CD4 POCT.

PLOS ONE | https://doi.org/10.1371/journal.pone.0202018 August 23, 2018 9 / 13

https://doi.org/10.1371/journal.pone.0202018.t006
https://doi.org/10.1371/journal.pone.0202018


must be both available and suitable for use in resource-limited settings[8, 22]. But, having a

quality CD4 assay does not guarantee a quality CD4 result. Acquiring an accurate and reliable

CD4 result with POCT requires that whole blood specimens to be collected correctly, accu-

rately identified, of sufficient volume, clot free and of good integrity, and that the HCW cor-

rectly performs the CD4 point-of-care assay. Failure to obtain a quality specimen or properly

perform the CD4 assay will result in the inability to acquire a quality CD4 results for HIV/

AIDS care.

All CD4 testing of HIV patients begins with proper blood collection. To obtain quality spec-

imens it is essential to standardize the collection procedure and technique. This standardiza-

tion is particularly important for fingerstick collection for quantitative assays, since capillary

blood may also contain interstitial fluids which will affect the blood’s composition[7]. Also, in

order to avoid hemolysis during the fingerstick procedure, correctly applied gentle pressure is

only permissible if needed. The emphasis on stringent attention to fingerstick blood collection

technique is vital for the success of CD4 POCT[17, 23, 24]. In this study, there were few com-

promised fingerstick specimens due to collection issues, with only 0.6% of the capillary blood

specimens being clotted and 2.8% of the EDTA microtube being of insufficient volume. Our

study suggests that training of the HCW on fingerstick collection and having them demon-

strate competency prior to start of this study was important to obtain quality specimens.

This study was conducted in five high volume urban facilities where phlebotomy is per-

formed on upwards of 100 clients per day. The HCW participating in this study were already

skilled phlebotomists who were already experienced at fingersticking for other point-of-care

tests, such as HIV rapid test. These HCW needed additional training on the fingerstick tech-

nique to obtain a quality specimen for a quantitative test, such as the Pima CD4 assay. We

believe because of their experience and the high volume of participant in this study, the HCW

were able to master the fingerstick technique resulting in few compromised specimens. A limit

to our study is the HCW may not be representative of potential users in rural, peripheral facili-

ties where Pima Analyzer may more likely be placed. Implementing the Pima CD4 assay in

these rural low volume facilities may require more extensive training and monitoring.

Overall, in this study the Pima CD4 assay performance was in close agreement to the stan-

dard reference method. Pima CD4 testing at the healthcare site and laboratory estimated the

bias was minimal for the different specimens and settings and a slight proportional systemic

error with the Pima CD4 assay[19, 25]. Others have reported similar estimates of proportional

systemic error with slopes, between 0.90 and 0.95, when comparing Pima CD4 with a reference

method[24, 26–30]. This indicates that the Pima CD4 assay will underestimate the CD4 count,

particularly with HIV patients with higher CD4 counts.

The Pima CD4 is capable of exporting the CD4 results and error codes for each of the

invalid tests. Monitoring the number and rate of invalid Pima CD4 test is an important quality

assurance tool to detect potential problems with the Pima Analyzer, Pima CD4 cartridge, and

the operator performing the test. The Pima invalid tests are mostly due to problems with speci-

men integrity, improper filling of blood in the cartridge, reagent failure, analyzer failure, or if

abort by the operator. If any of these problems arise, it is important that CD4 results are not

reported as the quality of the CD4 results will be compromised. We compiled these error mes-

sages to determine if a particular error was common for these invalid tests or specimen type

(Table 3). We found that a high proportion of Capillary-Direct specimens had Pima errors due

to channel filling of blood into the Pima CD4 cartridge, indicating inherent difficulties may

occur more often with direct application of capillary blood to the cartridge. With Capillary-

Microtube and Venous specimens, a majority of the Pima errors may have been caused by

introducing bubbles into the Pima CD4 cartridge during specimen loading. All this indicates
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for in order to obtain an accurate and reliable Pima CD4 result, both a quality specimen must

be collected and correct processing of the blood into the Pima cartridge is necessary.

In summary, use of the Pima CD4 assay in a point-of-care setting was acceptable for all

specimen types and collection methods. With fingerstick capillary blood specimens, there was

an advantage of collecting this blood in an EDTA microtube. This specimen closely resembles

that of venous blood in the performance on the Pima CD4 assay and allows for repeat testing

when indicated.
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13. Kayiran SM, Özbek N, Turan M, Gürakan B. Significant differences between capillary and venous com-

plete blood counts in the neonatal period. Clinical & Laboratory Haematology. 2003; 25(1):9–16.

14. Yang ZW, Yang SH, Chen L, Qu J, Zhu J, Tang Z. Comparison of blood counts in venous, fingertip and

arterial blood and their measurement variation. Clinical and laboratory haematology. 2001; 23(3):155–

9. PMID: 11553055

15. MacLennan CA, van Oosterhout JJG, White SA, Drayson MT, Zijlstra EE, Molyneux ME. Finger-prick

blood samples can be used interchangeably with venous samples for CD4 cell counting indicating their

potential for use in CD4 rapid tests. AIDS. 2007; 21 (12):3.

16. Sitoe N, Luecke E, Tembe N, Matavele R, Cumbane V, Macassa E, et al. Absolute and percent CD4+

T-cell enumeration by flow cytometry using capillary blood. Journal of immunological methods. 2011;

372(1–2):1–6. https://doi.org/10.1016/j.jim.2011.07.008 PMID: 21787779

17. Glencross DK, Coetzee LM, Faal M, Masango M, Stevens WS, Venter WF, et al. Performance evalua-

tion of the Pima point-of-care CD4 analyser using capillary blood sampling in field tests in South Africa.

Journal of the International AIDS Society. 2012; 15(1):3. https://doi.org/10.1186/1758-2652-15-3 PMID:

22284546

Fingerstick EDTA Microtube Advantage in CD4 POCT.

PLOS ONE | https://doi.org/10.1371/journal.pone.0202018 August 23, 2018 12 / 13

https://doi.org/10.1097/COH.0000000000000348
https://doi.org/10.1097/COH.0000000000000348
http://www.ncbi.nlm.nih.gov/pubmed/28059957
https://doi.org/10.1371/journal.pone.0035444
http://www.ncbi.nlm.nih.gov/pubmed/22532854
https://doi.org/10.1371/journal.pmed.1001056
http://www.ncbi.nlm.nih.gov/pubmed/21811403
https://doi.org/10.1016/S0140-6736(11)61052-0
https://doi.org/10.1016/S0140-6736(11)61052-0
http://www.ncbi.nlm.nih.gov/pubmed/21951656
https://doi.org/10.1097/QAI.0b013e3181e93071
http://www.ncbi.nlm.nih.gov/pubmed/20622679
http://www.ncbi.nlm.nih.gov/pubmed/11999353
https://doi.org/10.1309/AJCP1L7DKMPCHPEH
http://www.ncbi.nlm.nih.gov/pubmed/26572995
http://www.ncbi.nlm.nih.gov/pubmed/12132319
http://www.ncbi.nlm.nih.gov/pubmed/11553055
https://doi.org/10.1016/j.jim.2011.07.008
http://www.ncbi.nlm.nih.gov/pubmed/21787779
https://doi.org/10.1186/1758-2652-15-3
http://www.ncbi.nlm.nih.gov/pubmed/22284546
https://doi.org/10.1371/journal.pone.0202018


18. Thakar M, Mahajan B, Shaikh N, Bagwan S, Sane S, Kabra S, et al. Utility of the point of care CD4 ana-

lyzer, PIMA, to enumerate CD4 counts in the field settings in India. AIDS research and therapy. 2012; 9

(1):26. https://doi.org/10.1186/1742-6405-9-26 PMID: 22998738

19. Westgard JO, Hunt MR. Use and interpretation of common statistical tests in method-comparison stud-

ies. Clin Chem. 1973; 19(1):49–57. PMID: 4683366

20. Martin Bland J, Altman D. STATISTICAL METHODS FOR ASSESSING AGREEMENT BETWEEN

TWO METHODS OF CLINICAL MEASUREMENT. The Lancet. 1986; 327(8476):307–10.

21. Wynberg E, Cooke G, Shroufi A, Reid SD, Ford N. Impact of point-of-care CD4 testing on linkage to HIV

care: a systematic review. Journal of the International AIDS Society. 2014; 17:18809. https://doi.org/10.

7448/IAS.17.1.18809 PMID: 24447595

22. Zachariah R, Reid SD, Chaillet P, Massaquoi M, Schouten EJ, Harries AD. Viewpoint: Why do we need

a point-of-care CD4 test for low-income countries? Tropical medicine & international health: TM & IH.

2011; 16(1):37–41.

23. Jani IV, Sitoe NE, Chongo PL, Alfai ER, Quevedo JI, Tobaiwa O, et al. Accurate CD4 T-cell enumeration

and antiretroviral drug toxicity monitoring in primary healthcare clinics using point-of-care testing. AIDS.

2011; 25(6):807–12. https://doi.org/10.1097/QAD.0b013e328344f424 PMID: 21378535

24. Herbert S, Edwards S, Carrick G, Copas A, Sandford C, Amphlett M, et al. Evaluation of PIMA point-of-

care CD4 testing in a large UK HIV service. Sexually transmitted infections. 2012; 88(6):413–7. https://

doi.org/10.1136/sextrans-2012-050507 PMID: 22544309

25. Westgard JO. Basic Method Validation. 2003;2nd Edition.

26. Sukapirom K, Onlamoon N, Thepthai C, Polsrila K, Tassaneetrithep B, Pattanapanyasat K. Perfor-

mance evaluation of the Alere PIMA CD4 test for monitoring HIV-infected individuals in resource-con-

strained settings. J Acquir Immune Defic Syndr. 2011; 58(2):141–7. https://doi.org/10.1097/QAI.

0b013e31822866a2 PMID: 21709568

27. Diaw PA, Daneau G, Coly AA, Ndiaye BP, Wade D, Camara M, 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. 2011; 58(4):e103–11. https://doi.org/10.1097/QAI.0b013e318235b378

PMID: 21909029

28. Manabe YC, Wang Y, Elbireer A, Auerbach B, Castelnuovo B. Evaluation of portable point-of-care CD4

counter with high sensitivity for detecting patients eligible for antiretroviral therapy. PloS one. 2012; 7

(4):e34319. https://doi.org/10.1371/journal.pone.0034319 PMID: 22536323

29. Mwau M, Adungo F, Kadima S, Njagi E, Kirwaye C, Abubakr NS, et al. Evaluation of PIMA(R) point of

care technology for CD4 T cell enumeration in Kenya. PloS one. 2013; 8(6):e67612. https://doi.org/10.

1371/journal.pone.0067612 PMID: 23825674

30. Wade D, Diaw PA, Daneau G, Camara M, Dieye TN, Mboup S, et al. CD4 T-Cell Enumeration in a Field

Setting: Evaluation of CyFlow Counter Using the CD4 Easy Count Kit-Dry and Pima CD4 Systems.

PloS one. 2013; 8(9):e75484. https://doi.org/10.1371/journal.pone.0075484 PMID: 24066184

Fingerstick EDTA Microtube Advantage in CD4 POCT.

PLOS ONE | https://doi.org/10.1371/journal.pone.0202018 August 23, 2018 13 / 13

https://doi.org/10.1186/1742-6405-9-26
http://www.ncbi.nlm.nih.gov/pubmed/22998738
http://www.ncbi.nlm.nih.gov/pubmed/4683366
https://doi.org/10.7448/IAS.17.1.18809
https://doi.org/10.7448/IAS.17.1.18809
http://www.ncbi.nlm.nih.gov/pubmed/24447595
https://doi.org/10.1097/QAD.0b013e328344f424
http://www.ncbi.nlm.nih.gov/pubmed/21378535
https://doi.org/10.1136/sextrans-2012-050507
https://doi.org/10.1136/sextrans-2012-050507
http://www.ncbi.nlm.nih.gov/pubmed/22544309
https://doi.org/10.1097/QAI.0b013e31822866a2
https://doi.org/10.1097/QAI.0b013e31822866a2
http://www.ncbi.nlm.nih.gov/pubmed/21709568
https://doi.org/10.1097/QAI.0b013e318235b378
http://www.ncbi.nlm.nih.gov/pubmed/21909029
https://doi.org/10.1371/journal.pone.0034319
http://www.ncbi.nlm.nih.gov/pubmed/22536323
https://doi.org/10.1371/journal.pone.0067612
https://doi.org/10.1371/journal.pone.0067612
http://www.ncbi.nlm.nih.gov/pubmed/23825674
https://doi.org/10.1371/journal.pone.0075484
http://www.ncbi.nlm.nih.gov/pubmed/24066184
https://doi.org/10.1371/journal.pone.0202018

