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Objective: HIV testing is the entry point to access HIV care. For
HIV-infected children who survive infancy undiagnosed, diagnosis
usually occurs on presentation to health care services. We investi-
gated the effectiveness of routine opt-out HIV testing (ROOT)
compared with conventional opt-in provider-initiated testing and
counseling (PITC) for children attending primary care clinics.

Methods: After an evaluation of PITC services for children aged 6–
15 years in 6 primary health care facilities in Harare, Zimbabwe, ROOT
was introduced through a combination of interventions. The change in the
proportion of eligible children offered and receiving HIV tests, reasons
for not testing, and yield of HIV-positive diagnoses were compared
between the 2 HIV testing strategies. Adjusted risk ratios for having an
HIV test in the ROOT compared with the PITC period were calculated.

Results: There were 2831 and 7842 children eligible for HIV
testing before and after the introduction of ROOT. The proportion of
eligible children offered testing increased from 76% to 93% and test
uptake improved from 71% to 95% in the ROOT compared with the
PITC period. The yield of HIV diagnoses increased from 2.9% to
4.5%, and a child attending the clinics post intervention had a 1.99
increased adjusted risk (95% CI: 1.85 to 2.14) of receiving an HIV
test in the ROOT period compared with the preintervention period.

Conclusion: ROOT increased the proportion of children undergo-
ing HIV testing, resulting in an overall increased yield of positive
diagnoses, compared with PITC. ROOT provides an effective
approach to reduce missed HIV diagnosis in this age group.
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BACKGROUND
The prevalence of undiagnosed HIV in children is

higher and coverage of antiretroviral therapy (ART) lower
compared with adults.1 HIV testing for HIV-exposed infants
is available as part of the prevention of mother-to-child
transmission programs. However, the coverage of HIV testing
in infancy remains poor, with only 20% of HIV-exposed
infants accessing early infant diagnosis in high burden
countries.2,3 Nearly a third of undiagnosed HIV-infected
infants survive to late childhood.4,5 For these children who
survive infancy untreated, diagnosis of their HIV infection
relies predominantly on testing within health care services
when they present with HIV-indicator conditions in late
childhood and adolescence.6,7 Delayed diagnosis of HIV
results in increased morbidity from infections and other
chronic complications such as growth failure and organ
damage.8 Treatment outcomes are worse among those who
start HIV treatment at an advanced disease stage.9 In addition,
once children enter adolescence and become sexually active,
there is a high risk of onward HIV transmission.8

In the early stages of the HIV epidemic, client-initiated
testing strategies termed voluntary counseling and testing
were used. As antiretroviral therapy was scaled up, guidelines
shifted to a model of provider-initiated testing and counseling
(PITC) in high HIV burden settings, whereby testing is
proactively offered to any client attending a health care
facility by the health care worker (HCW), regardless of the
reason for presentation.10–12 Although the goal of PITC is to
provide HIV testing to a high proportion of health service
users, coverage remains incomplete, particularly in older
children. This approach relies on both the HCW taking the
initiative to offer testing and the client agreeing to test. In
practice, the proportion of individuals offered HIV testing
varies, and is influenced by provider-perceived risks and
benefits of testing the relationship between provider and
client, client demographics, and logistical constraints.13
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An alternative testing approach that limits the influence
of the HCW and hence variability in testing is routine opt-out
HIV testing (ROOT). In this model, rather than individual
HCW deciding whether or not to test on a case-by-case basis,
HIV testing is conducted routinely as part of each clinical
consultation and must be actively declined by the client if not
desired. To date, the use of ROOT is largely confined to
specialist services such as PMTCT programs, sexually trans-
mitted disease, and tuberculosis services.14,15 In children,
ROOT has been shown to be acceptable, feasible, and
effective within immunization services and pediatric inpatient
wards.16–18

We have previously shown that opt-in PITC offered to
older children in primary care services resulted in only 54%
of those eligible being tested for HIV.19 Key barriers to the
provision of PITC to children by HCW included a lack of
confidence in counseling children, limited awareness of the
burden of HIV in older children, and uncertainty about legal
guidelines. This study aimed to compare the effectiveness of
ROOT with PITC in older children aged 6–15 years in 7
primary care facilities in Harare, Zimbabwe.

METHODS
An evaluation of PITC for children aged between 6 and

15 years was performed in 6 primary health care clinics
(PHCs) in high-density suburbs in Harare, Zimbabwe,
between mid-January and mid-May 2013. Each clinic serves
1 suburb and provides comprehensive outpatient primary
care, including acute care, maternal and child health services
and HIV care services, as well as antenatal, delivery, and
postnatal services. Clinical care is provided by nurses, with
visits by a doctor on a weekly basis. PITC in all health care
facilities has been part of the National Guidelines since 2007.
HIV testing in PHCs is usually performed by lay counselors
who have undergone certified training in HIV counseling
and testing.

Activities were initiated in mid-May 2013 in prepara-
tion for the introduction of ROOT. These activities were
supported by the municipal health authorities and clinic
management teams. A 1-day meeting was held for senior
nursing personnel (the nurses in charge at each clinic and the
district nursing officers) to understand the challenges of
providing HIV testing to children in the primary care
environment and to discuss the changes that would be
required to implement ROOT. This was followed by
a 5-day training course at each clinic site for clinic nurses
and lay counselors, who are responsible for performing the
bulk of the HIV testing. The training focused specifically on
issues relating to testing children, including counseling of
children and guardians, frameworks for consent and guardian-
ship, the burden of HIV among older children, and the
benefits of early treatment. Specifically, HCW were trained
on how to implement an opt-out testing model. Further
training was not provided during the course of the study.

A mentorship program in pediatric HIV was established
to provide HCW with ongoing support. An additional lay
counselor was deployed at each clinic, whose main task was
to perform HIV testing in children when routine clinic staff

was unavailable. In addition, a buffer supply of HIV testing
kits was made available to ensure an uninterrupted supply.
The kits and additional staff were funded by the study for the
duration of the study period. The outcomes of ROOT were
evaluated over a period of 17 months.

The implementation of ROOT involved several activities
over a period of 2 months (mid-May to mid-July 2013). Thus,
full implementation of ROOT was only in place from mid-July
2013 onward. The period mid-January to mid-February 2013
was labeled February 2013, mid-February to mid-March 2013
was labeled March 2013 and so forth. ROOT was performed
for every child aged 6–15 years, attending the PHC for any
reason, unless the child had a documented HIV test result from
the past 6 months, was already registered in an HIV care
service, or was attending without a caregiver (unless an
emancipated minor). HIV testing was performed unless the
caregiver or the child specifically declined permission, as per
national guidelines.20 A caregiver was defined as someone
aged 18 years or older and responsible for the day-to-day care
of the child. Emancipated minors were defined as those who
were married, living with a sexual partner, or who had children
gave independent consent. ROOT was not performed in
children who were moribund or required immediate hospital-
ization. The standard HIV testing algorithm recommended by
the national guidelines was used; a rapid HIV antibody testing
kit (Abbott Determine) was used with all positive tests
confirmed by a second rapid antibody test (SD Bioline). A
discrepant test result was resolved using a third tie-breaker test
(INSTI). Ethical approval for the study was obtained from the
Medical Research Council of Zimbabwe and the Ethics
Committees of Harare City Health Services, the Biomedical
Research and Training Institute, and the London School of
Hygiene and Tropical Medicine.

Data on socio-demographics of the child and guardian,
the number of attendances of children aged 6–15 years, the
number of tests offered and accepted, and reasons why testing
did not occur were collected prospectively as previously
described.19 Data were analyzed using STATA version 12.0
(StataCorp, College Station, TX). The proportion of children
being offered and accepting testing, the yield of HIV-positive
diagnoses (defined as the number of children testing positive
among all children eligible for testing), and reasons for not
being tested for HIV were compared before and after the
introduction of ROOT. The proportions not tested due to
a particular reason were calculated and stratified by PITC and
ROOT period using the total number of children eligible
during a period as a denominator. Modified Poisson regres-
sion was used to calculate the risk of being tested before and
after the intervention, controlling for child and guardian age
and sex, as well as client factors likely to raise the suspicion
of HIV infection including orphanhood, skin conditions,
previous hospitalization, and self-reported poor health in the
last 3 months.

RESULTS
There were 3394 and 14,084 visits in the PITC and

ROOT period respectively (Fig. 1). A total of 2831 and 784
children were eligible for HIV testing before and after the
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introduction of ROOT. The proportion of children eligible for
HIV testing decreased in the PITC period to the ROOT
period, mainly due to an increase in the proportion of children
who had tested previously and know HIV-positive
children (Fig. 1). In the PITC period, 3% of visits were due
to children who had tested for HIV in the previous 6 months
compared with 11% during the ROOT period. Furthermore,
the proportion of visits by known HIV-infected children
increased from 9% to 18%. The median age was 9 years
(interquartile range 7–11), 13.7% of children were single or
double orphans, 9.2% reported a previous hospital admission,
and 7.6% reported poor health in the 3 months before the
visit. The guardian and client characteristics of those
presenting before and after the introduction of ROOT were
similar (Table 1).

The proportion of eligible children offered testing
increased from 76.0% to 93% after the introduction of ROOT
(Table 2). Test uptake among children offered a test improved
from 71% to 95% during the ROOT period. The percentage
of children testing HIV positive among all children eligible
for testing (yield) increased from 2.9% to 4.5%, comparing
the period before and after introduction of ROOT. Of note,
the improvement in the proportion of tests offered and
accepted, and HIV yield, persisted throughout the 17 months
of ROOT (Table 2).

The overall proportion of children attending PHCs and
eligible for HIV testing, who did not receive a test, fell from
45.8% with PITC to 11.6% with ROOT. A child attending the
primary health care clinics post intervention was twice as
likely (adjusted risk ratio 1.99; 95% CI: 1.85 to 2.14) to
receive an HIV test compared with the preintervention period.
The main reasons for not testing pre-ROOT were related to
HCW concerns with the guardian (14.4%), children leaving
the facility (9.3%) or declining tests (5.8%), guardian refusal
of testing (6.3%) or shortage of HIV testing kits or staff
(6.8%) (Table 3). A decrease was seen in all reasons for not
testing. The proportion of guardians or children who declined
testing dropped to 4.1% after the introduction of ROOT.

DISCUSSION
To our knowledge, this is the first study to evaluate

ROOT for older children in primary health care services. It
demonstrated that the use of ROOT, when accompanied by
adequate training and support for HCWs, effectively increases
the proportion of older children to whom testing is offered,
the uptake, and the yield compared with opt-in PITC.
Reassuringly, the results were sustained over a 17-month
period without any evidence of testing fatigue, despite no
further training.

This study was conceived after our findings that routine
PITC in primary care services resulted in nearly half the
eligible children not being tested for HIV. The predominant
reason that HIV testing did not occur related to HCW factors.
HCWs worried about whether an accompanying caregiver (if
not a biological parent) was “suitable” to give consent and
feared the consequences if they made an incorrect decision.
After the introduction of ROOT, the proportion of guardians
felt to be inappropriate diminished significantly, as did the
proportion of children referred to other services for HIV
testing. This may be a result of an improved understanding of
the legal framework for pediatric HIV testing in Zimbabwe
and might reflect greater comfort with offering testing when
the decision to test is removed from the individual HCW and
is instead adopted as the default approach.

Although PITC is meant to be offered to all health care
facility attendees, HCW practiced “symptom-based PITC” and
offering HIV testing selectively to those whom they considered
at risk of being HIV-infected. Before implementation of
ROOT, offering HIV testing to children by HCW was
associated with a child having stigmata of HIV infection,
namely orphanhood and chronic ill-health.19 No associations

TABLE 1. Characteristics of Children Eligible for HIV-Testing
(n = 10,672)

Variable
Total

(n = 10,672)
Opt-In PITC
(N = 2831)

ROOT
(N = 7842)

Child characteristics

Child’s age, median
(IQR)

9 (7–11) 9 (7–11) 9 (7–11)

Male gender, N (%)* 5482 (51.4) 1504 (53.2) 3978 (50.8)

Previous hospital
admission, N (%)†

969 (9.2) 260 (9.5) 709 (9.1)

Skin conditions, N (%)‡ 1506 (14.3) 352 (12.8) 1152 (14.3)

Orphanhood, N (%)§ 1435 (13.7) 384 (14.0) 1051 (13.5)

Poor health in the last
3 months, N (%)k

796 (7.6) 192 (7.0) 604 (7.8)

Guardian characteristics

Male gender, N (%)¶ 1404 (13.2) 441 (15.7) 963 (12.3)

Guardian’s age, median
(IQR)#

33 (28–40) 33 (28–40) 33 (28–40)

*5 missing data.
†171 missing data.
‡166 missing data.
§158 missing data.
k181missing data.
¶36 missing data.
#68 missing data.
IQR, interquartile range.

FIGURE 1. Numbers of children aged 6–15 years who at-
tended primary care clinics, eligible, offered testing, under-
went testing, and tested HIV-positive during the PITC and
ROOT periods respectively.
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between offering HIV testing and any of these variables were
found during the ROOT period (data not shown). The increase
in yield of HIV-positive test results after introduction of ROOT
indicates that HCW do not correctly estimate the HIV risk
when choosing whom to offer testing to in an opt-in system.

HIV testing in children relies not only on HCWs
offering the test but on guardians consenting to their child
having a test. Other studies have shown that routine opt-out
testing improves acceptability and uptake of HIV testing by
clients.21,22 Similarly, in this study, the proportion of guard-
ians declining to have their child tested decreased from 6.0%
to 0.5% after introduction of ROOT. Decreased stigma in the

context of routine practice, and again, removal of the decision
of whether to test from the guardian might explain this result.

An opt-out strategy transforms an intervention into
a routine, default clinical action, which removes some
decision making from the HCW and guardians. A potential
concern is whether an opt-out approach may result in
coercion of the client and reduce client autonomy.23 This
has been the subject of debate, particularly in the context of
PMTCT programs.24–26 HIV diagnosis is a prerequisite to
accessing HIV care. The concern about autonomy and
potential coercion must be weighed against a child’s right
to access effective and life-saving treatment, and the limited

TABLE 2. Number of Children Eligible, Offered Testing, Accepting Testing and Testing Positive per Month

Number of Children
Eligible for
HIV Testing

Provider Offered
HIV Testing,

N (%)

HIV Testing
Accepted,
N (%)*

% of Children
Tested

for HIV Among
All Eligible

Children
Testing HIV+,

N (%)†

% of Children
Testing HIV+

Among
All Eligible

February–March, 2013 1595 1178 (74) 747 (63) 47 37 (5.0) 2.3

April–May, 2013 1236 973 (79) 787 (81) 64 45 (5.7) 3.6

June–July, 2013 1304 1177 (90) 1066 (91) 82 39 (3.7) 3.0

August–September, 2013 866 812 (94) 750 (92) 87 42 (5.6) 4.8

October–November, 2013 1089 998 (92) 929 (93) 85 42 (4.5) 3.9

December, 2013–January, 2014 693 588 (85) 563 (96) 81 34 (6.0) 4.9

February–March, 2014 1129 1059 (94) 1017 (96) 90 39 (3.8) 3.5

April–May, 2014 1117 1064 (95) 1008 (95) 90 55 (5.5) 4.9

June–July, 2014 1132 1092 (96) 1057 (97) 93 54 (5.1) 4.8

August–September, 2014 758 702 (93) 666 (95) 88 31 (4.7) 4.1

October–December, 2014 1058 986 (93) 944 (96) 89 52 (5.5) 4.9

The interventions were implemented in June and July 2013 (shaded in grey), the period before June and July 2013 was included in the PITC period, the period after June and July
2013 was included in the ROOT period.

*Denominator: Children who were offered an HIV test.
†Denominator: Children who were tested.

TABLE 3. Reasons for Eligible Child Not Receiving an HIV Test

Total Number of Eligible
Children (n = 11,083),

N (%)

Eligible Children
Attending During PITC

(n = 2831), N (%)

Eligible Children
Attending During
ROOT (n = 7842),

N (%) ROOT vs PITC

Health worker factors

Guardian deemed not appropriate 849 (8.0) 409 (14.4) 440 (5.6) ,0.01

Counselor declined 11 (0.1) 11 (0.4) 0 ,0.01

Guardian factors

Mother wants to consult father 10 (0.1) 10 (0.4) 0 ,0.01

Guardian declined testing 254 (2.4) 179 (6.3) 75 (1.0) ,0.01

Child factors

Child disappeared before testing 312 (2.9) 264 (9.3) 48 (0.6) ,0.01

Child declined testing 408 (3.8) 164 (5.8) 244 (3.1) ,0.01

Logistical constraints

Counselor unavailable 149 (1.4) 116 (4.1) 33 (0.4) ,0.01

No testing kits 78 (0.7) 76 (2.7) 2 (0.0) ,0.01

Referred to another health facility 67 (0.6) 42 (1.5) 25 (0.3) ,0.01

Other 47 (0.4) 22 (0.8) 25 (0.3) ,0.01

Total number not tested 2258 1298 960
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alternative options for children to obtain HIV testing. This is
particularly important among children who rely on others to
give consent on their behalf. In this study, the proportion of
children who declined testing remained similar in before and
after implementation of ROOT. This is reassuring as it
indicates that children remained empowered to refuse if they
wished, and were no more pressured into HIV testing with
ROOT compared with PITC. The lack of change in child
refusal is perhaps unsurprising, as a child’s assent for testing
may relate less to the type of testing model used, but rather
to the nature of the test itself.

A strength of this study is that it enrolled large
numbers of children, and compared both models in the same
clinical settings representative of primary care clinics. We
acknowledge some limitations to our study. Before-and-
after comparisons are vulnerable to coincidental effects.
However, there were no differences in the demographic
characteristics of the guardians or children in the PITC
compared with the ROOT period. In addition, the large
difference in the likelihood of HIV testing observed after
adjustment for potential confounders gives confidence in
the results. In addition, changes were implemented over
a relatively short period and the changes are therefore
unlikely to be explained by secular trends. The implemen-
tation of ROOT was accompanied by HCW training and
addressing structural barriers to HIV testing, including
shortage of HCW and of HIV testing kits.

The buffer supply of kits resulted in an extraneous
difference between the ROOT and the PITC approach. The
investment in training and human resource capacity likely
contributed to improvements in HIV testing and the opt-out
approach. However, the proportion of missed tests attributed
to logistical constraints before the introduction of ROOT
(6.8%) was relatively low compared with other reasons for
HIV testing not having occurred, and the substantial
improvement in HIV testing rates is unlikely to be entirely
a reflection of improved logistical support. Moreover, suc-
cessful implementation of any HIV testing strategy in
children will require training of HCW and addressing
structural issues, and these are integral to and not alternative
to provision of any HIV testing strategy.

This study shows that a ROOT strategy is a feasible
and effective approach to increase diagnosis among chil-
dren: a group for whom opportunities to receive HIV testing
have been limited. Notably, whereas other studies have
shown that opt-out testing has an impact on client accept-
ability of HIV testing, this study demonstrates that ROOT
results in an improvement in proportion of clients being
offered HIV testing by HCW. This is important as policies
to scale-up and improve PITC must take into account not
only client acceptability but also address barriers faced by
HCWs. This study was performed in a generalized HIV
epidemic setting. A potential concern is that ROOT is
a ’blanket testing’ strategy and may be inefficient. Our
findings show that ROOT does increase yield, and may be
a particularly cost-effective strategy in high HIV prevalence
settings, as well as in other settings where the expected yield
of HIV is higher, e.g., malnutrition and tuberculosis services
and inpatient wards.

If implemented, a routine opt-out testing strategy
must be partnered with counselor training, engagement with
local health providers and government bodies, and pro-
vision of logistical support to maximize impact. If an
approach such as this is to be scaled up, fundamental
structural barriers such as long clinic waiting times, limited
staffing levels, health care worker training, and manage-
ment of supply chains for testing kits need to be addressed.
In addition, measures to avoid retesting in children will
need to be put in place.

Moving forward, a number of questions need to be
explored. Cost-effectiveness studies need to be performed,
and ethical and human rights implications of opt-out HIV
testing in a vulnerable group such as children need to be
investigated.27,28 Qualitative studies exploring child and
guardian perceptions are needed to inform service delivery.
Finally, HIV testing must be accompanied by effective
strategies to ensure linkage to care.29
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