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Executive Summary 
 

Background 

Recent research has demonstrated that not all infants with a positive HIV PCR result are infected 

with HIV.  In response to this, South Africa, which has the highest infant virological testing volumes 

in sub-Saharan Africa, and other countries have implemented an indeterminate range for PCR results 

in their HIV early infant diagnosis (EID) testing algorithms. Furthermore, despite WHO guidelines, 

many infants in resource-limited settings do not receive a confirmatory test after an initial positive 

result. An indeterminate range could be helpful to identify which infants may benefit most from a 

confirmatory test, particularly in the era of test-and-treat.  While initiating life-saving antiretroviral 

therapy in HIV-infected infants should be done as early as possible, it is critical to ensure that infants 

receive the correct HIV diagnosis and that those without HIV infection are not started on what may 

potentially be lifelong antiretroviral treatment. This is especially important since early ART in infants 

can prevent development of anti-HIV antibody, making it impossible to distinguish truly uninfected 

infants from those who are HIV-infected but on effective ART.  Understanding the impact of an 

indeterminate range for EID testing will provide important information for guiding HIV testing and 

treatment of HIV-exposed infants.   

Methods 

A systematic review was done in order to conduct a comprehensive review of the use of an 

indeterminate range for EID testing using PCR, including how often indeterminate ranges are 

currently used and when they may be needed.  

 

This review aimed to identify, collate and summarize EID studies in order to accomplish the following 

objectives 

 

 Describe the prevalence and characteristics of indeterminate results 

 Understand how indeterminate results are used in program and clinical settings 

 Discuss potential thresholds/criteria for indeterminate results and areas for further data 
collection/research 

 
Results 

Of 4,726 potential published studies for evaluation, a total of 32 studies met all criteria. These 

studies included prospective and retrospective cohort studies and case series/reports, but no 

randomized controlled trials. This provided data on 1,314,913 infants and 1,294,569 initial HIV tests. 

Data came from 14 countries, although most datapoints (95%) was reported from South Africa and 

from Roche testing. The vast majority of initial tests (93.5%) were negative, with 6.5% being non-

negative, which was defined as either positive or indeterminate. When studies used both positive 

and indeterminate results, most were positive (83.5%), while the remaining 16.5% were 
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indeterminate. Over 95% of initial positive results confirmed as positive on repeat testing, while the 

majority of initial indeterminate results (76%) were negative on repeat testing.  

Conclusions 

Routine early infant diagnosis is a valuable and necessary tool to identify HIV infected infants and 

place them on ART as early as possible. With declining baseline viremia, reduced MTCT, and 

escalating indeterminate HIV-1 test results; new strategies for accurately identifying HIV infected 

infants are needed to reduce false positive results. Indeterminate results are being seen worldwide 

in infant HIV testing and represent a significant proportion of non-negative HIV test results. This 

systematic review demonstrated that most indeterminates were seen with  Ct values >33 and VL<3-

3.5 log cp/ml. Repeat testing is even more important in the era of earlier (birth) testing, expanded 

ART access (e.g. option B+, enhanced infant prophylaxis), continually reducing MTCT rates, and test 

and treat. 
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Background 
In the absence of antiretroviral therapy (ART), HIV infection during infancy is associated with 

rapid disease progression with more than half of all infected children expected to die before 

two years of age. The diagnosis of HIV in infants is typically performed with a virological 

assay such as PCR, which directly detects viral particles, and can provide a definitive 

diagnosis of HIV infection. Current testing recommendations include testing at six weeks of 

age, nine months, and 3 months post-cessation of breastfeeding; with an additional HIV PCR 

confirmatory test performed at time of ART initiation for those infants who test positive.  

Diagnosis of HIV in infants can be complicated by timing of transmission, timing of testing, 

and treatment of the mother and/or infant with ARVs. The increased exposure to ARV 

prophylaxis amongst infants, associated with WHO Option B/B+ and enhanced prophylaxis, 

as well as the introduction of routine birth testing within some EID programmes have both 

been suggested as potential contributing factors towards indeterminate and invalid HIV PCR 

results. However, South Africa has shown that the proportion of indeterminate results has 

remained fairly constant since 2011.  

Early infant diagnosis is routinely reported as a qualitative result (positive or negative) based 

on a real time PCR molecular test. In a real time PCR assay a positive reaction is detected by 

accumulation of a fluorescent signal. The Ct (cycle threshold) is defined as the number of 

cycles required for the fluorescent signal to cross the threshold (ie exceeds background 

level). Ct levels are inversely proportional to the amount of target nucleic acid (virus) in the 

sample (ie the lower the Ct level the greater the amount of virus in the sample). A standard 

HIV real time assay undergoes up to 40 - 42 cycles of amplification. In general, Ct values < 29 

are strong positive reactions indicative of abundant target nucleic acid in the sample, while 

higher Ct values are indicative of less nucleic acid. When there are minimum amounts of 

target nucleic acid, environmental contamination or transient viremia may also be possible 

contributing factors.  Although there is no direct correlation between Ct values and viral 

load, the more target nucleic acid, the greater the viral load, and the lower the Ct value.  

Methods 
The primary question and related PICO (population, intervention, comparator, and outcome) 

are below: 

PICO – Should an indeterminate range be implemented for more accurate molecular 

diagnosis of infants under 18 months of age? 
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Population Intervention Comparator Outcomes 
HIV-exposed 
infants tested by 
PCR under 18 
months of age 
 
 

Indeterminate 
range (ie. Various 
viral load ranges 
[100, 500, 1000, 
5000 copies/ml] or 
various PCR Ct 
[cycle threshold] 
value ranges) 

No indeterminate 
range 

 True positives 
 False positives 

 

Potential sub-populations: Prophylaxis regimen, Time of testing, Technology, Sample 
Type 
 
 

Study search 

A search strategy was prepared to extract all potentially relevant studies. Databases were searched 

from 2000 to February 2018 without language, document type, or publication status limitations 

following international guidelines. Databases will be searched from 2000 to February 2018.  

The study search resources included the following databases: 

 Cochrane Central Register of Controlled Trials (CENTRAL); The Cochrane Register of 
Diagnostic Test Accuracy Studies 

 EMBASE 

 MEDLINE 

 Conference Proceedings Citation Index-Science (CPCI-S) 

 WHO Global Index Medicus 

 PubMed 
 

Conference abstracts were also searched using the Conference on Retroviruses and Opportunistic 

Infections (CROI), International Conference on AIDS and STIs in Africa (ICASA), African Society for 

Laboratory Medicine (ASLM), and International AIDS Society (IAS) conference websites. 

Bibliographies of screened and selected studies as well as review articles were reviewed for possible 

inclusion. Finally, study authors were contacted to provide additional data when available in order to 

extract primary data for meta-analysis, and content experts were contacted to obtain further studies, 

including unpublished studies.  

In searching these databases and conference websites, structured search terms were used based on 

the PICO question provided. The sets of search terms focused on critical aspects of the PICO 

question: HIV, infant, and outcomes. The terms for each aspect can be found below: 

 

#1 HIV 

HIV, HIV infection*, hiv, HIV-1, HIV-2, hiv1, hiv2, hiv infect, human immunodeficiency virus, human 

immunedeficiency virus, human immuno-deficiency virus, human immune-deficiency virus, acquired 
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immunodeficiency syndrome, acquired immuno-deficiency syndrome, acquired immune-deficiency 

syndrome, sexually transmitted diseases, viral 

AND 

#2 Intervention: indeterminate range 

indeterminate, indeterminate range, Ct, Ct value, cycle threshold, viral load, copies, copies/ml, cp/ml, 

cut-off, low positive, weak positive, discordant, concordant, discordance, concordance 

AND 

#3 Population: infants less than 18 months 

early infant diagnosis, infant virological, infants, DNA PCR, PCR, EID, children, HIV test* 

AND 

#4 Outcomes 

antiretroviral therapy, antiretroviral treatment, ART, initiation, time to ART*, time to care, time to 

drug*, confirmatory test, confirmation, true positive, false positive, positivity, misdiagnosis, incorrect 

diagnosis, wrong diagnosis, misdiagnosed 

Study selection 

After all studies were retrieved, two reviewers independently reviewed all potentially relevant 

studies in full. No geographical region were applied. 

 

Studies were included if they met the following criteria: 

 Studies pertaining to the use of an indeterminate range for EID testing 

 Studies pertaining to EID testing with data on Ct values and/or viral loads of infants 

 Studies performing EID testing on HIV-exposed patients under 18 months of age 
 

Studies were excluded if they contained one or more of the following criteria: 

 Studies without the use of or available data on an indeterminate range, Ct values, or viral 
loads of HIV-exposed infants 

 Purely analytical performance evaluations (e.g. no clinical samples from infants) 

 Reviews, non-research letters, commentaries, and editorials will be excluded 

 Non-approved virological testing platforms 
 

Most forms of scientific research studies were included, such as randomized and non-randomized 

comparative trials, observational comparative and non-comparative studies, qualitative studies, and 

cost-effectiveness studies.  
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Study assessment 

Studies were graded using a tool created based on the GRADE, QUADAS-2, and STARD criteria for 

quality and determination of risk of bias. Included studies were independently assessed by two 

reviewers, using the below pre-defined form. The results of the assessment were used to provide an 

approximation of the quality of evidence. 

 

QUADAS/GRADE/STARD 

 

Relevance 

1. Was the study relevant to using an indeterminate range for EID testing? 

2. Were the objectives outlined, clear and relevant? 

3. Was the study prospective or retrospective? 

4. Was the study an RCT? 

 

Population 

5. Were the inclusion and exclusion criteria, setting, and location described? 

6. Was the study population appropriate? 

7. Did patient selection eliminate the risk of bias? 

8. Were the patient demographics included? 

 

Index 

9. Was an indeterminate range for EID testing used? 

10. Was the correct testing (HIV PCR) used? 

 

Comparator 

11. Was no indeterminate range used? 

12. Was Ct value and/or viral load data available, even if an indeterminate range was not used? 
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Methods 

13. Were the statistics included and described? 

14. Were the study dates included? 

15. Were patients excluded and explained? 

16. Were all other aspects of the study outside the use of an indeterminate range similar between 

groups? 

 

Report 

17. Were relevant statistics applied (confidence intervals)? 

18. Was the clinical applicability discussed? 

19. Were the limitations of the study discussed? 

 

Study summary 

All of the studies were summarized outlining the principle components of each cohort. The summary 

included the sample size, test setting, patient characteristics, etc. A description of the study design 

and methods were also included. The findings were extracted and summarized for the studies that 

have been included, published or unpublished.  

 

Data analysis 

Data from all studies were aggregated and frequency statistics were run to describe the overall 

population tested across all studies.  Where available, data on positive, indeterminate, and negative 

tests were also aggregated to provide the proportion of negative and non-negative results across all 

studies with available data and the proportion of positive, indeterminate, and negative follow-up 

results across all studies with available data on patients that had a second test result.  

 

A meta-analysis was done by aggregating all available primary data. Pooled Ct value estimates were 

calculated through inverse-variance weighting, and a random effects model was run to estimate the 

sensitivity and specificity of different thresholds, based on the prevalence of true and false positives 

in the pooled dataset. Viral load data were described qualitatively, as data were too heterogeneous 

to be pooled.  
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Results 
The initial search identified 4,726 potential published studies for evaluation. Of these, 25 studies 

were included in the systematic review, while 4,701 were excluded for not meeting inclusion and 

exclusion criteria (Figure 1).  Content experts provided data from 7 unpublished studies, for a total of 

32 studies (25 published + 7 unpublished) included in the systematic review. Indeterminates were 

defined in various ways across all studies and were referred to across studies as “false positives,” 

“not confirmed,” “discordant,” “equivocal,” and “irreproducible positive” results. The two main 

types of indeterminate results were as follows: 

 Target is detectable per the PCR instrument, but the result from a single test is classified as 
indeterminate based on other data [e.g. Cycle threshold (Ct) value or viral load] 

 PCR instrument initially reports a positive result for a patient, but a confirmatory test is 
negative 

 

Of note, 12 of the 32 studies had criteria to identify indeterminates from a single test, while the 

other 20 studies only identified indeterminates after doing a confirmatory test on a patient (Table 1).   

 

Figure 1. PRISMA Diagram  

 

 

The 32 studies included prospective and retrospective observational studies and case series/reports, 

but no randomized controlled trials. Most (26/32 studies, 81%) were retrospective in nature. The 

majority (19/32, 59%) included data on viral load and/or Ct values. All major early infant diagnosis 

test manufacturers were represented, including Roche, Abbott, Siemens, bioMerieux, Hologic, Alere, 

and Cepheid. Samples types include whole blood, dried blood spots (DBS), plasma, and peripheral 

blood mononuclear cells.  Table 1 shows a summary of all studies. 
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Table 1. Study Summary 

 

# 
Lead 

Author 
Journal 

Year 

Published 

Countries 

of study 

Type of 

study 

Years of 

study 
Site type 

# of 

infants 

tested 

HIV PCR 

Test 

1 Alvarez 

Pediatric 

Research 2017 

Equatorial 

Guinea Prospective 

2012-

2013 

Hospital 

and 

Primary 

Health 

Center 68 

Siemens, 

Roche 

CAP/CTM  

v1 and v2 

2 Burgard 

Journal of 

Pediatrics 2012 France Prospective 

1994-

2006 

Multicenter 

health care 

facilities 1567 

Roche 

Amplicor or 

CAP/CTM 

VL 

3 Cele 

Paediatric 

Quarterly 2016 South Africa Case Report 

Not 

specified Hospital 1 Roche 

4 Dunning PLoS Med 2017 South Africa Modeling N/A N/A N/A N/A 

5 Feucht SAMJ 2012 South Africa Retrospective 

2004-

2010 

Regional 

hospital 718 

Roche 

Amplicor or 

CAP/CTM 

v1 

6 

Haeri 

Mazanderani JAIDS 2018 South Africa Retrospective 

2010-

2016 

National 

program 13606 Roche 

7 

Haeri 

Mazanderani SAJHM 2016 South Africa Retrospective 

2012-

2016 

National 

program N/A Roche 

8 

Haeri 

Mazanderani SAMJ 2014 South Africa Case report 

Not 

specified Hospital 3 

Roche 

CAP/CTM 

v1 

9 Hsiao PlOS One 2016 South Africa Prospective 

2013-

2014 

Lab 

evaluation 1098 

Alere q, 

Roche 

CAP/CTM 

v1 

10 Ibrahim JAIDS 2017 Botswana Retrospective 

2015-

2016 

Maternity 

wards and 

clinics 90 

Roche 

CAP/CTM, 

Cepheid 

Xpert 

11 Murray JCM 2017 South Africa Prospective 

2015-

2017 Hospital 322 

Cepheid 

Xpert, Alere 

q, Roche 
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CAP/CTM 

v2 

12 Jagtap IJST 2017 India Case report  N/A N/A 3 

Roche 

Amplicor 

13 Kageha JTP 2012 Kenya Retrospective 

2006-

2010 

National 

program 64591 

Roche 

Amplicor 

1.5 or 

CAP/CTM 

v1 

14 King AIDS 2015 Malawi Retrospective 

2004-

2010 

National 

program 2369 

Roche 

Amplicor, 

Gen-Probe 

Aptima 

15 Lilian JCV 2010 South Africa Retrospective 

2005-

2007 Hospital 235 

bioMerieux 

Nuclisens 

16 Lofgren AIDS 2009 

United 

Republic of 

Tanzania Prospective 

2008-

2009 

HIV clinics, 

rural 176 

Abbott VL, 

Roche 

CAP/CTM 

17 Maritz JCV 2012 South Africa Retrospective N/A 

lab 

evaluation 365 

Roche 

Amplicor 

1.5, Roche 

CAP/CTM 

v1 

18 Maritz JCV 2017 South Africa Retrospective 

2009-

2014 lab data 38043 

Roche 

CAP/CTM 

v1 

19 Maritz JMV 2014 South Africa Retrospective 

2009-

2011 lab data 211 

Roche 

CAP/CTM 

v1 

20 Mathai MJAFI 2013 India Case Report 2009 Hospital 1 

Roche 

CAP/CTM 

21 Patel LabMed 2009 the USA Retrospective 

2004-

2007 Hospital 71 

Siemens 

Versant 

bDNA 

22 Sutcliffe PIDJ 2015 Zambia Case Report 

2011-

2012 rural clinic 2 

Roche 

Amplicor 

23 Nkenfou 

AIDS 

Research 2012 Cameroon Retrospective 

2007-

2010 

National 

program 14763 

Roche 

Amplicor 

24 Technau JIAS 2017 South Africa Retrospective 
2014-

Hospital 5743 Roche 

CAP/CTM 
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2016 v2 

25 

Haeri 

Mazanderani DMID 2018 South Africa Retrospective 

2010-

2015 

National 

program 1090019 

Roche 

CAP/CTM 

v1,v2 

26 Unpublished South Africa Retrospective 

2014-

2017 Hospital  9258 

Roche 

CAP/CTM 

v2 

27 Unpublished South Africa Retrospective 

2009-

2014 

National 

Program 342 

Roche 

CAP/CTM 

v2 

29 Unpublished Namibia Retrospective 

2015-

2018 Hospital 54 

Roche 

CAP/CTM 

v2 

29 Unpublished South Africa Retrospective 

2017-

2018 

Regional 

program 44344 

Roche 

CAP/CTM 

v2 

30 Unpublished Botswana Prospective 

2017-

2018 Hospital 54 

Roche 

CAP/CTM 

v2 

31 Unpublished Uganda Retrospective 

2017-

2018 

National 

program 515 

Roche 

CAP/CTM 

v2 

32 Unpublished Mozambique Retrospective NA 

National 

program 803 

Roche 

CAP/CTM 

v2, Alere 

 

Overall, the quality of the evidence in this review was rated as low. There were no randomized 

controlled trials comparing the use of an indeterminate range to not using one, and definitions of 

indeterminate ranges were inconsistent across studies.  Additionally, 8 of 32 studies (25%) only 

included data on indeterminates and not an overall cohort of infants. The majority (17/32, 53%) of 

studies were from South Africa, and due to study size, 95% of datapoints were from South Africa. 

Nearly all studies (30/32, 94%) used Roche testing for either some or all of the testing done. Ct value 

data were relatively homogenous across studies, with higher variability seen in the viral load data 

due to differences in viral load testing methodology, patient selection, timing of testing after the 

initial EID test, sample type differences, and treatment/prophylaxis differences.   

Among all studies, data on 1,314,913 infants were available, which included data on 1,294,569 initial 

HIV tests. The vast majority of initial tests (93.5%) were negative, with 6.5% being non-negative, 

which was defined as either positive of indeterminate (Figure 2).  
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Figure 2. Overview of Testing Results 

 

 

Of 84,191 non-negative results, the majority of these were from studies which only used positive or 

negative for initial tests results, meaning all of these non-negative results were classified as positive 

(Figure 3).  When studies used both positive and indeterminate results, most were positive (83.5%), 

while the remaining 16.5% were indeterminate.  
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Figure 3. Overview of Non-Negative Results.  

 

 

A minority of all studies also had data on repeat test results. Data were stratified by studies using an 

indeterminate range for initial results and studies only using positive/negative for initial results, to 

not bias the outcomes of the repeat tests.  Figure 4 shows the results of repeat testing in studies 

which used an indeterminate range for initial results.  Over 95% of initial positive results confirmed 

as positive on repeat testing, while the majority of initial indeterminate results (76%) were negative 

on repeat testing.  
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Figure 4. Repeat Test Results From Studies Including an Indeterminate Range for Initial Results 

 

 

 

In studies which only used positive/negative results for initial tests, again the vast majority (94.6%) 

were positive on a repeat test (Figure 5).  
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Figure 5. Repeat Test Results From Studies Without an Indeterminate Range for Initial Results 

 

 

 

However, based on the data seen for retesting of indeterminate results, 12.5% of these initial non-

negative results may be falsely positive on initial testing if an indeterminate range is not used. This is 

because 16.5% of non-negative initial results can be indeterminate and 76% of that 16.5%, or 12.5% 

total, were seen to be negative on repeat testing when an indeterminate range was used.  

Figure 6 shows the Ct value ranges across studies with available data. Inverse-variance weighting of 

study data demonstrated an overall median Ct value of 22.6 for confirmed positives and 35.4 for 

indeterminates.  

 

Figure 6. Ct Value Data for Indeterminates and Confirmed Positives 

 

 

 

A random effects model was run at Ct thresholds between 30 and 36 to calculate the proportion of 

true and false positives that would fall above each Ct value threshold.  As seen in table 2, Ct values 

between 33 and 34 could providing an optimal balance of minimizing the proportion of true 

positives while maximizing the proportion of false positives identified by each threshold.  
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Table 2. Random Effects Model for Ct Value Thresholds 

 

 

Viral load data were much more heterogeneous (Table 3), with median viral loads typically below 3.3 

log (2,000 cp/ml) for indeterminates and above 4 log (10,000 cp/ml) for confirmed positives.  

 

Table 3a. Viral Load Data from South Africa Studies 
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Table 3b. Viral Load Data from Studies outside of South Africa 

 

 

Additional subpopulation analysis was not done due to the lack and/or heterogeneity of data 

reported regarding prophylaxis and treatment regimens, timing of testing, and testing methodology.  

Conclusions 
Routine early infant diagnosis is a valuable and necessary tool to identify HIV infected infants and 

place them on ART as early as possible. With declining baseline viremia and escalating indeterminate 

HIV-1 test results; new strategies for accurately identifying HIV infected infants are needed to reduce 

false positive results. Indeterminate results are being seen worldwide in infant HIV testing and 

represent a significant proportion of non-negative HIV test results. This systematic review 

demonstrated that most indeterminates were seen with VL<3-3.5 log cp/ml and Ct values >33. 

Repeat testing is even more important in the era of birth testing, expanded ART access (e.g. option 

B+, enhanced infant prophylaxis), and test and treat. 
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