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Public Health Laboratory, Kampala, Uganda, 10 Clinton Health Access Initiative, Kampala, Uganda,

11 Clinton Health Access Initiative, Harare, Zimbabwe, 12 Ministry of Health and Child Care, Harare,

Zimbabwe

☯ These authors contributed equally to this work.

* lvojnov.IC@clintonhealthaccess.org

Abstract

Background

Since 2010, point-of-care (POC) CD4 testing platforms have been introduced in both urban

and rural settings to expand access to testing by bringing diagnostic services closer to

patients. We conducted an analysis of routinely collected CD4 testing data to determine the

invalid result rates associated with POC CD4 testing.

Methods

We analyzed 981,152 CD4 testing records collected from Alere Pima Analyzers between

January 2011 and December 2016 across five countries in sub-Saharan Africa. Routinely

collected data and programmatic records were used to determine the rate of invalid test

results per month, by facility type, and by operator based on cumulative usage during the

study period. In addition, frequency of invalid test types and utilization of control beads were

assessed.

Results

Across the five countries, 75,530 invalid messages were returned, resulting in an overall

invalid result rate of 7.7%. The invalid result rate by country ranged from 6.6% to 11.2%.

Invalid result rates were consistent across facility types. Invalid result rates were inversely

correlated with operator usage: low volume operators (<50 tests over study period) experi-

enced an invalid result rate of 10.2%, while high volume operators (>500 tests over study
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period) experienced an invalid result rate of 5.5%. Two invalid result types (exposure posi-

tion control and reagent control) accounted for nearly 50% of invalid results. Routine data

showed that control beads were run on 88.3% of days that the device was used.

Conclusions

Our analysis found that the rate of invalid results was consistent across all types of health

facilities, indicating that decentralization of POC CD4 testing to lower level health facilities

did not exhibit high invalid result rates or increase cartridge wastage. Additionally, invalid

result rates were inversely correlated to operator usage, with high-volume operators

experiencing lower invalid result rates than low-volume operators. POC CD4 testing can,

therefore, be performed in decentralized national testing programs; however, adequate

training, quality assurance, routine monitoring, and ongoing mentorship should also be

implemented for success.

Introduction

CD4 enumeration has previously been used in resource-limited settings to determine treat-

ment eligibility of HIV-positive patients and for routine monitoring to identify treatment

failure and opportunistic infections [1,2]. Recommendations released by the World Health

Organization (WHO) in 2016 eliminated the necessity for CD4 testing as a requirement to

determine treatment eligibility and endorsed viral load testing as the preferred method to

monitor treatment [3]. However, the WHO has recently re-affirmed the continued importance

of CD4 testing for clinical patient and opportunistic infection management, identification of

patients with advanced HIV disease, and in areas with limited access to viral load testing [4,5].

Considerable investments made in CD4 testing networks have resulted in sufficient testing

capacity to provide CD4 access to all people living with HIV [6]. A 2013 review of CD4 testing

capacity across 68 countries indicated that there is capacity to provide all people living with

HIV 4.6 CD4 tests per year, yet only 13.7% of CD4 testing capacity was being utilized [6].

Despite the available testing capacity, access to CD4 testing is still poor for many people living

with HIV. As of 2013 –when CD4 count was still being used to determine treatment eligibil-

ity–only 20% of people diagnosed with HIV received a CD4 test in some regions [7]. Conven-

tional CD4 testing programs often require transporting samples to central laboratories in

urban centers, resulting in long test turnaround times, high loss to follow up, and delayed

treatment initiation.

Since 2010, point-of-care (POC) CD4 testing platforms have been introduced in over 50

countries to increase access to CD4 testing services [6,8]. These devices have lower daily testing

throughput than conventional platforms (~20–80 tests per day vs. ~200) [9], but can be oper-

ated by facility-based, non-laboratory professional health workers and provide same-day test

results to patients, allowing for faster clinical decision-making. A systematic review of POC

CD4 testing found that these technologies reduced test turnaround time and increased reten-

tion along the HIV treatment cascade from HIV testing through ART initiation [10]. Further-

more, the use of POC CD4 testing was found to increase life expectancy, and to be cost-

effective and acceptable to both patients and providers [10].

A key challenge associated with decentralized POC CD4 testing is the need to monitor a

large number of devices and operators across an extensive testing network. To overcome this,

POC CD4 invalid result rates across five countries
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Moçambique. 4) Uganda Makerere University

Institute of Public Health Higher Degrees, Research

and Ethics Committee, Contact: Dr. Suzanna

Kiwanuka, Chairperson, Email: skiwanuka@musph.

ac.ug, Telephone:256 414 532207, Address: P.O.

Box 7072 Kampala, Uganda. 5) Medical Research

Council of Zimbabwe, Contact: Dr. S. Munyati,

Chairperson, Email: mrcz@mrcz.org.zw,

Telephone: 263 791 792, Address: P.O. Box CY

573, Causeway, Harare, Zimbabwe.

Funding: This work was supported by Unitaid and

DFID. The funders had no role in study design, data

collection and analysis, decision to publish, or

preparation of the manuscript.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0219021
mailto:ephi@ethionet.et
mailto:betuel.sigauque@manhica.net
mailto:skiwanuka@musph.ac.ug
mailto:skiwanuka@musph.ac.ug
mailto:mrcz@mrcz.org.zw


national programs can utilize the benefit of connectivity with POC device-based technologies,

defined as the ability of a device to successfully transmit data to a centralized system, ideally at

least once per day [11]. Variables transmitted via connectivity may include daily testing vol-

umes, internal quality control (IQC) results, invalid codes, etc. As part of a comprehensive

quality assurance system, connectivity is a key component in providing Ministries of Health

the information they need for time-sensitive decision-making and management of diagnostic

networks. We used testing data collected by POC CD4 devices in five countries in sub-Saharan

Africa to determine the proportion of invalid results during routine use and to demonstrate

the analyses that can be conducted using routinely collected data to support quality improve-

ment efforts for POC testing.

Methods

We conducted a retrospective, observational, cross-sectional analysis of routine testing data

from five countries in sub-Saharan Africa (Cameroon, Ethiopia, Mozambique, Uganda, and

Zimbabwe) using the Alere Pima Analyzer. Testing data captured between January 2011 and

December 2016 were included for analysis, however start dates varied by country based on

when the Alere Pima Analyzer was introduced nationally.

The Alere Pima Analyzer automatically records data about the device, test date and time,

and numerical CD4 test outcome. Additional information can be added in free text fields for

operator and/or patient identification. The Alere Pima Analyzer has the capability to transmit

data collected by the device wirelessly via the cellular SMS/GPRS network to a centralized data-

base. The majority of the data used in this analysis was transmitted via cellular network; how-

ever some records may have been extracted manually from the analyzers using a flash drive

and uploaded directly to the database for facilities with poor network coverage. Once trans-

ferred, the testing data can be stored either on the device manufacturer’s proprietary data host-

ing and visualization service, Data Point, or on a local database. In Cameroon, Mozambique

and Uganda the Pima testing data was transmitted to Data Point, and in Ethiopia and Zimba-

bwe it was transmitted to a government-owned, local server and dashboard. From either type

of database, the same raw testing data can be downloaded into a CSV file for analysis.

The Alere Pima Analyzer’s internal quality control (IQC) function aborts the testing pro-

cess if an invalid result is detected due to the device, reagent cartridge, or sample–returning an

invalid message instead of a numeric CD4 result. Testing records were provided from each

country’s central POC CD4 database with each record including the following variables:

unique device ID number, assay (CD4 test or control bead), CD4 count (if successful), invalid

message (if encountered), coded invalid number (if encountered), operator name (if available),

result date, test start and end times, IQC checks, test ID number, and software version.

The rate of invalid test results was disaggregated by country, facility type, operator, and

across time. The rate of invalid test results was determined by dividing the total number of

invalid tests by the total number of tests run (control beads excluded). For the facility type

analysis, the device identification number was matched with programmatic records to assign

the facility name, district, and region where the device was located if this was not already

included in the national database. The types of facilities were categorized as hospitals, health

centers, clinics, other (prisons or laboratories), and unknown (devices that did not have a facil-

ity listed in database or programmatic records, or the facility type could not be discerned from

the given available name). Facility type invalid result rates were calculated using the median

of individual facility invalid result rates. Unique operators were identified by combining the

operator name, if provided, with the facility name. The total number of tests conducted by

each Operator-Facility combination was determined, and the operator was assigned to a

POC CD4 invalid result rates across five countries
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testing threshold. Additionally, analysis of the frequency of each invalid type was also con-

ducted. Each invalid message can be attributed to one or more likely cause(s): device, operator,

reagent or a combination of these. The likely cause was determined using the Alere Pima Error

Resolution Guide, which includes a description of each invalid result message to guide service

and repair activities [12]. Finally, data related to utilization of control beads were analyzed as

well: the proportion of testing days in which only control beads were run, only CD4 tests were

run, or both control beads and CD4 tests were run.

Data analysis was conducted using Microsoft Excel 2010 v.14.0.7183.5000 (Redmond

Washington) and the R statistical programming language and environment.

This study was approved by each country’s Institutional Review Board: study was approved

by each country’s Institutional Review Boards: Cameroon National Ethical Committee of

Research for Humans, Ethiopian Public Health Institute Institutional Review Board, Mozam-

bique’s National Health Bioethics Committee, Uganda’s Makerere University Institute of Pub-

lic Health Higher Degrees, Research and Ethics Committee, Medical Research Council of

Zimbabwe as well as the US-based Advarra IRB.

Results

A total of 981,152 CD4 test records were captured and included for analysis. Of these, 905,622

CD4 tests passed the device’s IQC checks and returned valid CD4 test results, while 75,530

were aborted and returned an invalid message (Table 1). A total of 938 facilities (median per

country = 123) and 1,094 devices (median per country = 148) conducted CD4 testing. In total,

8,204 unique operators were recorded as having run tests (median per country = 2,080) in

Cameroon, Mozambique, Uganda and Zimbabwe. Due to national data sharing policies in

Ethiopia, operator names were not provided and therefore not included in the operator analy-

ses. The overall invalid result rate during the study period was 7.7% (95% CI: 7.65–7.75%).

Invalid result rates during the study period per country were: 6.6% in Mozambique, 7.2% in

Ethiopia, 7.7% in Cameroon, 8.7% in Zimbabwe, and 11.2% in Uganda.

The lowest invalid result rate, 6.0% (95% CI: 5.8–6.1%), occurred in 2013 (Table 2). In

2011, fewer than 150 tests were run across the five countries; therefore, excluding 2011, the

highest invalid result rate, 11.3% (95% CI: 10.9–11.8%) occurred in the first year of full imple-

mentation, 2012. The invalid result rate in 2016 was 8.0% (95% CI: 7.9–8.1%).

Facilities were grouped into five categories to determine the percentage of tests run at each

level: hospital (15.5%), medical center (2.6%), health center (71.9%), clinics (1.4%), other

(0.2%), and unknown facilities or facility level (8.5%) (Table 3). Despite health centers and hos-

pitals running the majority of tests, the median rate of invalid results was consistent across

Table 1. Summary of Pima CD4 testing volumes and invalid results by country.

Country Number of

Health

Facilities

with Pima

Devices

Number of

Alere Pima

Analyzers

Number of

Device

Operators

Operators per Facility Tests per Operator Number of CD4

Tests Run

(2011–2016)

Number of

Invalid Results

Invalid Result rate

n % n % n % Median (IQR) Median (IQR) n % n % % (95% CI)

Cameroon 123 13.1% 148 13.5% 774 9.4% 6 (4) 6 (34) 41,730 4.3% 3,224 4.3% 7.7% (7.5–8.0%)

Ethiopia 78 8.3% 78 7.1% - - - - 44,424 4.5% 3,191 4.2% 7.2% (7.0–7.4%)

Mozambique 208 22.2% 276 25.2% 3,252 39.6% 12 (14) 9 (115) 643,567 65.6% 42,374 56.1% 6.6% (6.5–6.6%)

Uganda 432 46.1% 488 44.6% 3,270 39.9% 5 (6) 13 (55) 197,175 20.1% 22,013 29.1% 11.2% (11.0–11.3%)

Zimbabwe 97 10.3% 104 9.5% 908 11.1% 8 (6) 13 (55) 54,256 5.5% 4,728 6.3% 8.7% (8.5–9.0%)

Overall 938 100% 1,094 100% 8,204 100% 7 (7) 11 (64) 981,152 100% 75,530 100% 7.7% (7.7–7.8%)

https://doi.org/10.1371/journal.pone.0219021.t001
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facility levels within each country. Health centers and hospitals had median invalid result rates

of 9.4% (95% CI: 6.1–14.0%) and 8.6% (95% CI: 6.1–13.4%), respectively, while clinics had a

median invalid result rate of 7.9% (95% CI: 6.0–13.1%).

Out of the 8,204 unique operators identified, 5,865 (71.5%) ran fewer than 50 tests over the

study period, 728 (8.9%) ran 51–100 tests, 638 (7.8%) ran 101–200 tests, 554 (6.8%) ran 201–

500 tests, and 419 (5.1%) ran over 500 tests (Table 4). Despite the majority of operators run-

ning fewer than 50 tests, these low volume operators conducted just 6.4% of all tests. Operators

who ran more than 500 tests conducted 58.8% of the total testing volume. Invalid result rates

were inversely related to operator usage, with the lowest volume operators (<50 tests) having

an invalid result rate of 10.2% (95% CI: 10.0–10.5%) compared to high volume operators

(>500 tests), who had an invalid result rate of 5.5% (95% CI: 5.4–5.5%).

Each time a CD4 test is run, the IQC system within the Alere Pima Analyzer checks the

cartridge barcode, reagent expiration date, sample volume, device optics and reagents. The

device then returns either a numeric CD4 count or an invalid message and specific invalid

code, which can be attributed to a likely cause: operator, equipment, reagent or a combination

of the three. The most common invalid test messages observed were Exposure position control
—Invalid Test Error 850 (29.9%), Reagent control—Invalid Test Error 860 (16.7%), Cell move-
ment control—Invalid Test Error 910 (10.1%), Image—Invalid Test Error 880 (9.6%), Device
application—Invalid Test Error 210 (6.9%), and Volume—No Sample Detected Error 201 (6.2%)

(Fig 1a). All other invalid messages occurred in less than 4.5% of invalid results. 49.1% of

invalid results could be attributed to the operator or equipment, 22.1% to the operator, equip-

ment or reagent, 10.7% to the equipment, 10.1% to the operator or reagent, 7.9% to the opera-

tor, and 0.1% unknown (Fig 1b).

In addition to analyzing invalid result rates for CD4 tests, we looked at the pattern of

control bead utilization. Overall, Alere Pima Analyzers were utilized on 171,263 days across

the study period and countries. Control bead runs were recorded on 151,229 (88.3%) of the

days within which the devices were used, while CD4 tests were run on 148,053 days (86.4%).

There were 20,034 days (11.7%) when a CD4 test was conducted but no control bead was run

(Table 5).

Discussion

The overall rate of invalid results across the five countries was 7.7%, while the invalid result

rates per country ranged from 6.6% to 11.2%. This analysis was unable to determine the causes

for the inter-country variation; however, they may be due to differences in the type of training

provided to operators, level of monitoring or supervision offered at each site, funding availabil-

ity for the POC CD4 program or level of corrective actions taken to reduce invalid result rates

Table 2. Pima CD4 testing volumes and invalid results per year.

Year Number of CD4 Tests Run (2011–2016) Number of Invalid Results Invalid Result rate

n % n % % (95% CI)

2011 149 0.0% 39 0.1% 26.2% (19.8–33.8%)

2012 18,143 1.8% 2,056 2.7% 11.3% (10.9–11.8%)

2013 99,892 10.2% 5,987 7.9% 6.0% (5.8–6.1%)

2014 173,037 17.6% 10,481 13.9% 6.1% (5.9–6.2%)

2015 330,939 33.7% 28,198 37.3% 8.5% (8.4–8.6)%)

2016 358,992 36.6% 28,769 38.1% 8.0% (7.9–8.1%)

Overall 981,152 100% 75,530 100% 7.7% (7.6–7.8%)

https://doi.org/10.1371/journal.pone.0219021.t002
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Table 3. Total tests run and invalid results and rates by health care facility type per country.

Facility Level Total Facilities Number of CD4 Tests Run

(2011–2016)

Number of Invalid Results Median Error Rate p-value

n % n % n % % (IQR)

Cameroon

Hospital 65 53% 23,328 56% 1,756 54% 7.4% (4.7–13.2%) Ref.

Medical Center 12 10% 3,823 9% 272 8% 5.9% (3.2–12.3%) 0.388

Health Center 15 12% 4,161 10% 283 9% 7.5% (4.0–15.0%) 1.000

Clinic 1 1% 140 0% 6 0% 4.3% (4.3–4.3%) 0.319

Other - - - - - - - -

Unknown 30 24% 10,278 25% 907 28% 10.9% (6.6–17.6%) 0.117

Ethiopia

Hospital 3 4% 553 1% 105 3% 17.7% (14.7–18.7%) Ref.

Medical Center - - - - - - - -

Health Center 27 35% 15,125 34% 1,005 31% 9.0% (5.1–13.5%) 0.860

Clinic - - - - - - - -

Other 1 1% 51 0% 8 0% 15.7% (15.7–15.7%) 1.000

Unknown 47 60% 28,695 65% 2,073 65% 7.1% (4.2–11.4%) 0.041

Mozambique

Hospital 17 8% 75,702 12% 5,581 13% 7.1% (4.8–8.1%) Ref.

Medical Center - - - - - - - -

Health Center 151 73% 513,349 80% 31,997 76% 6.4% (4.6–8.2%) 0.748

Clinic 14 7% 21,086 3% 1,800 4% 9.0% (7.5–12.0%) 0.084

Other - - - - - - - -

Unknown 26 13% 33,430 5% 2,996 7% 10.1% (7.4–16.0%) 0.0009

Uganda

Hospital 54 13% 37,880 19% 4,416 20% 11.8% (8.1–14.5%) Ref.

Medical Center - - - - - - - -

Health Center 363 84% 146,608 74% 16,377 74% 11.4% (8.0–16.4%) 0.871

Clinic 5 1% 1,150 1% 160 1% 13.5% (13.1–14.0%) 0.391

Other 3 1% 622 0% 59 0% 12.5% (7.2–14.8%) 0.929

Unknown 7 2% 10,915 6% 1,001 5% 5.9% (4.7–8.7%) 0.028

Zimbabwe

Hospital 27 28% 14,139 26% 1,195 25% 7.1% (6.0–10.4%) Ref.

Medical Center - - - - - - - -

Health Center 43 44% 27,052 50% 2,384 50% 7.4% (6.2–12.7%) 0.522

Clinic 26 27% 12,118 22% 1,106 23% 7.8% (5.9–11.0%) 0.742

Other 1 1% 947 2% 43 1% 4.5% (4.5–4.5%) 0.286

Unknown - - - - - - - -

Overall

Hospital 166 18% 151,602 15.5% 13,053 17% 8.6% (6.1–13.4%) Ref.

Medical Center 12 1% 3,823 2.6% 272 0% 9.3% (5.2–13.0%) 0.237

Health Center 599 64% 706,295 71.9% 52,046 69% 9.4% (6.1–14.0%) 0.413

Clinic 46 5% 34,494 1.4% 3,072 4% 7.9% (6.0–13.1%) 0.863

Other 5 1% 1,620 0.2% 110 0% 12.5% (4.5–15.7%) 0.909

Unknown 110 12% 83,318 8% 6,977 9% 8.6% (5.3–14.9%) 0.964

Overall 938 100% 981,152 100% 75,530 100%

https://doi.org/10.1371/journal.pone.0219021.t003
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across the five countries. Invalid result rates were consistent across different levels of health

facilities, from clinics to hospitals, indicating that decentralization of testing to lower level

facilities did not does not result in an increase in invalid result rates or cause increased car-

tridge wastage due to invalid results. These results are indicative of the high quality of testing

services that can be provided through a decentralized POC testing network.

Table 4. Total tests run and invalid results and rates by operator testing volume.

Number of Tests Performed Per Operator Number of Operators Number of Tests

Conducted

Number of Invalid Results Invalid Result Rate

n % n % n % % (95% CI)

1–50 5,865 71.5% 58,307 6.4% 5,975 9.8% 10.2% (10.0–10.5%)

51–100 728 8.9% 52,375 5.7% 4,719 7.7% 9.0% (8.8–9.3%)

101–200 638 7.8% 91,858 10.1% 8,340 13.7% 9.1% (8.9–9.3%)

201–500 554 6.8% 173,644 19.0% 12,718 20.8% 7.3% (7.2–7.4%)

>500 419 5.1% 536,186 58.8% 29,319 48.0% 5.5% (5.4–5.5%)

Overall 8,204 100% 912,370 100% 61,071 100%

https://doi.org/10.1371/journal.pone.0219021.t004

Fig 1. Supplier-coded invalid messages (a) and invalid results by likely cause(s) (b).

https://doi.org/10.1371/journal.pone.0219021.g001
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The invalid result rates observed in this study are in line with the results seen in previous

studies, which vary between 2% and 20% [13–17]. However, much of the previous literature

was taken from diagnostic accuracy studies or from non-government run facilities. Small sam-

ple sizes or differences in operator training and quality assurance protocols may explain the

variation in invalid result rates previously seen. The data in this analysis were taken from

national public health programs across a number of countries and therefore may be more gen-

eralizable to other national government health programs.

The invalid result rate varied considerably based on operator usage, with high volume oper-

ators (>500 tests) returning a 5.5% invalid result rate and low volume operators (<50 tests)

returning an invalid result rate of 10.2%. The majority of operators (71.5%) were responsible

for running fewer than 50 tests over the study period analyzed, yet this group ran less than 10%

of overall tests and experienced almost two times the invalid result rate of high volume opera-

tors. This indicates a large number of operators do not routinely use the devices and are not

reaching proficiency. Comprehensive training programs that provide hands-on practice and

include competency assessments may promote greater proficiency among all operators and

reduce invalid result rates to those observed with the high volume operators. In addition, link-

ing programmatic records on operator cadre, operator certification, training activities and/or

supervision with the routine testing data captured by the POC CD4 device can help to identify

operators in need of follow up mentorship and identify additional patterns in invalid rates. In

order for this to be successful, data entry should be standardized to ensure that operator names

are consistently entered to allow performance to be tracked over time and across sources.

Consistent use of control beads is essential for ensuring that devices produce accurate

results across the entire range of CD4 counts. Analysis of control bead utilization showed that

facilities were consistently running control beads. Our study found that control beads were

run on 86.4% of days in which a CD4 test was run. This was similar to control bead utilization

seen in previous studies: one study found that control beads were used on 96.62% of CD4 test-

ing days [14], while another that found controls beads were used on 86.91% of CD4 testing

days [17]. Although the use of control beads on their own is not sufficient to improve the qual-

ity of testing and ensure that devices are properly calibrated, consistent bead use does suggest

that devices were being routinely monitored at the site level (and standard operating proce-

dures for daily quality control were followed).

Availability of routine testing data transmitted via wireless connectivity alone will not

reduce the invalid result rate or improve testing quality. However, these data can be used by

program managers to identify trends in invalid rates and bead usage, and when linked with

programmatic data, target corrective action. Use of routine data captured on a centralized

database can be maximized through regular review of the database and testing dashboards by

dedicated program managers, generation of routine reports shared at the national and/or

Table 5. Control bead and CD4 testing run days by country and all countries combined.

Country Total Days of Pima Use Days with Only

Beads Run

Days with Only CD4

Tests Run

Days with Both Beads

and CD4 Tests Run

Total Days of Control

Bead Use

Total Days of CD4

Testing

n n % n % n % n % n %

Cameroon 15,220 1,337 8.8% 985 6.5% 12,898 84.7% 14,235 93.5% 13,883 91.2%

Ethiopia 14,804 3,182 21.5% 2,882 19.5% 8,740 59.0% 11,922 80.5% 11,622 78.5%

Mozambique 77,418 6,310 8.2% 3,002 3.9% 68,106 88.0% 74,416 96.1% 71,108 91.8%

Uganda 48,245 9,189 19.0% 10,739 22.3% 28,317 58.7% 37,506 77.7% 39,056 81.0%

Zimbabwe 15,576 3,192 20.5% 2,426 15.6% 9,958 63.9% 13,150 84.4% 12,384 79.5%

Overall 171,263 23,210 13.6% 20,034 11.7% 128,019 74.7% 151,229 88.3% 148,053 86.4%

https://doi.org/10.1371/journal.pone.0219021.t005
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regional levels, and alerts that automatically flag changes in invalid rates or bead usage. In

combination with programmatic data, as well as robust training programs, external quality

assessments, and ongoing mentorship, connectivity data can allow POC program managers to

reduce invalid rates and cartridge wastage to establish efficient, quality decentralized POC test-

ing programs.

This study has several limitations. First, due to the lack of unique patient identifiers it was

not possible to decipher distinct patients and some repeat testing may be included, although

this was likely minimal and the results unaffected. Further, it was not possible to discriminate

patients being tested to determine treatment eligibility versus treatment monitoring; however,

given the current role of CD4 [5,18,19], these results remain relevant for both populations. Sec-

ond, the device does not record data related to the cartridge testing lot or batch number, which

could have highlighted batches more prone to invalid results. Third, the type of blood sample

used–capillary or venipuncture whole blood–was not known for each test, yet the two sample

types have been found to result in different invalid result rates in previous studies [20]. Addi-

tionally, due to non-standardization in how operators enter their names, it is possible that

some may have been misclassified by testing volume; it was also not possible to determine

operator cadre to assess invalid result rates by level of health worker and training as this infor-

mation was not possible to gather. Furthermore, the definition of health facilities may have

differed by country and facilities in the same category may vary in the type of services offered

between countries. No study of invalid result rates using conventional CD4 testing platforms

has been conducted, limiting our ability to compare invalid result rates between POC and lab-

oratory-based programs. This analysis and comparison is needed for laboratory-based technol-

ogies and may suggest that invalid result rates between the two types of technologies may be

more similar than often suggested. Finally, the data and results from proficiency testing panels

could not be linked to this analysis primarily due to non-electronic data capture of external

quality assessments. However, this comparison would be worthwhile and should be considered

in the future to strengthen monitoring of POC testing programs.

Despite concerns that POC CD4 testing compromises testing quality [21], this study shows

that the scale up of POC CD4 testing using the Alere Pima Analyzer is feasible at a large scale

and can be conducted through national POC CD4 testing programs. Previous investments in

CD4 infrastructure and testing networks, both laboratory-based and POC, can support ongo-

ing access to identify patients with advanced HIV disease. National testing programs should

determine acceptable invalid rates while also considering and weighing the benefit of same-

day test result turnaround and faster clinical decisions [10]. Lessons learned from POC CD4

scale-up and invalid test patterns will be useful to inform the scale up of other POC devices,

such as early infant diagnosis, viral load testing, hepatitis, and tuberculosis, in the future.
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