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Abstract

Background: In sub-Saharan Africa, where infectious diseases and nutritional deficiencies are common, severe
anaemia is a common cause of paediatric hospital admission, yet the evidence to support current treatment
recommendations is limited. To avert overuse of blood products, the World Health Organisation advocates a
conservative transfusion policy and recommends iron, folate and anti-helminthics at discharge. Outcomes are
unsatisfactory with high rates of in-hospital mortality (9–10 %), 6-month mortality and relapse (6 %). A definitive trial to
establish best transfusion and treatment strategies to prevent both early and delayed mortality and relapse is warranted.
Methods/Design: TRACT is a multicentre randomised controlled trial of 3954 children aged 2 months to 12
years admitted to hospital with severe anaemia (haemoglobin < 6 g/dl). Children will be enrolled over 2 years
in 4 centres in Uganda and Malawi and followed for 6 months. The trial will simultaneously evaluate (in a factorial trial
with a 3 x 2 x 2 design) 3 ways to reduce short-term and longer-term mortality and morbidity following admission to
hospital with severe anaemia in African children.
The trial will compare: (i) R1: liberal transfusion (30 ml/kg whole blood) versus conservative transfusion (20 ml/kg)
versus no transfusion (control). The control is only for children with uncomplicated severe anaemia (haemoglobin
4–6 g/dl); (ii) R2: post-discharge multi-vitamin multi-mineral supplementation (including folate and iron) versus
routine care (folate and iron) for 3 months; (iii) R3: post-discharge cotrimoxazole prophylaxis for 3 months versus
no prophylaxis. All randomisations are open. Enrolment to the trial started September 2014 and is currently ongoing.
Primary outcome is cumulative mortality to 4 weeks for the transfusion strategy comparisons, and to 6 months for the
nutritional support/antibiotic prophylaxis comparisons. Secondary outcomes include mortality, morbidity
(haematological correction, nutritional and infectious), safety and cost-effectiveness.
Discussion: If confirmed by the trial, a cheap and widely available ‘bundle’ of effective interventions, directed
at immediate and downstream consequences of severe anaemia, could lead to substantial reductions in mortality in a
substantial number of African children hospitalised with severe anaemia every year, if widely implemented.
Trial registration: Current Controlled Trials ISRCTN84086586, Approved 11 February 2013
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Background
In sub-Saharan Africa severe anaemia (SA) in children is
a leading cause of hospital admission, a major cause of
direct mortality [1] and a key factor in the approximately
600,000 malaria deaths/year [2]. Guidelines developed by
the World Health Organisation (WHO) encourage the
rational use of blood transfusion to preserve this scarce
resource and to reduce the risk of transfusion-transmitted
infections [3]. However, the evidence base supporting
these guidelines is weak, adherence is poor and national
transfusion recommendations vary between sub-Saharan
Africa countries [4]. Outcomes following SA are unsatis-
factory with high rates of in-hospital (9–10 %) [5]
and 6-month (12 %) mortality, and relapse or re-
hospitalisation (6 %) [6], indicating that the current
recommendations and their implementation are not
working in practice. Further, the aetiology of SA is
frequently multi-factorial, including potentially treat-
able co-morbidities such as bacteraemia and multiple
vitamin deficiencies – key determinants of outcome
[7] that are not addressed in current treatment guide-
lines. Although the 2 most recent systematic reviews
(both published in 2000) indicated the need for for-
mal evaluation of the restrictive transfusion policy
supported by the World Health Organisation (WHO)
in a controlled trial [5, 8], little progress has been
made in the intervening decade. The poor outcomes
and recurrent morbidity of children with SA warrant
a definitive trial to establish best transfusion and
treatment strategies to prevent both early and delayed
mortality and relapse.

Current WHO recommendations
Transfusion
To avert overuse of blood products the WHO advocates
a conservative transfusion policy, reserving blood for
children with a haemoglobin (Hb) < 4 g/dl (or < 6 g/dl if
accompanied by complications). Although not systemat-
ically evaluated, this conservative transfusion policy has
been incorporated in WHO paediatric hospital practice
guidelines. However, the specific recommendations in
these guidelines contain inconsistencies and ambiguities
[9] resulting in variation in practice across African coun-
tries, most particularly in the subgroup with ‘uncom-
plicated’ SA (Hb 4–6 g/dl without severe symptoms)
where transfusion avoidance is recommended [4, 8].
A Cochrane review including the only 2 African rando-
mised controlled trials (RCTs) [10, 11] conducted to date
(involving 114 and 116 children randomised to blood
transfusion or oral haematinics) concluded that there was
insufficient information on whether routinely giving blood
to clinically stable children with SA either reduces death
or results in a higher haematocrit measured at 1 month,
and indicated the need for a definitive trial [8].

Overall mortality in children with Hb < 4 g/dl or SA
with life-threatening complications is 15 % [5]. Clinical
studies in Kenya [12, 13] have shown that profound an-
aemia (Hb < 4 g/dl) is independently associated with
death (odds ratio; OR = 2 · 5), as is SA (defined in this
study as a Hb < 5 g/dl) complicated by reduced con-
sciousness (OR = 7 · 4) or respiratory distress (OR = 4 · 1).
Many deaths occur within 48 hours of admission, with
25–50 % [14, 15] occurring within 6 hours. In the FEAST
trial, which enrolled children with shock, a higher case fa-
tality was found in those with anaemia compared to those
without anaemia, irrespective of intervention group [16].
In children with uncomplicated SA – Hb 4–6 g/dl without
prostration or respiratory distress – overall case fatality is
4–6 %, being lower in parasitaemic children (2–3 %) [17]
than in those with negative malarial slides (8–10 %) [12].
The ratio of complicated to uncomplicated SA is com-
monly 1:1 [18].

Current transfusion guidelines are conservative not
only in terms of criteria applied for administering a
transfusion at all, but also in terms of the volume of
blood transfused. Currently, 20 ml/kg of whole blood
(or 10 ml/kg packed cells) are recommended for all
levels of anaemia below Hb < 6 g/dl [19]. Using stand-
ard formulae to calculate volume required [20] this
under-treats children with profound anaemia by ap-
proximately 30 % and this volume may not, therefore,
be sufficient to correct anaemia [4].

Other treatment recommendations for severe anaemia
WHO treatment guidelines deal specifically with acute
treatment of malaria and with folate and iron deficiency,
together widely held as the most important causes of
anaemia. There are no specific recommendations for
subsequent infection prophylaxis (including against
malaria) [3]. In the only comprehensive case-control
study (SeVana) of children hospitalised with SA in Africa
[7], key aetiological factors for SA were bacteraemia
(OR = 5.3; 95 % confidence interval; CI 2.6–10.9),
malaria (2.3; 1.6–3.3), hookworm (4.8; 2.0–11.8), HIV
infection (2.0; 1.0–3.8), vitamin A deficiency (2.8; 1.3–5.8)
and vitamin B12 deficiency (2.2; 1.4–3.6). A subsequent
publication, reporting the long-term outcome of children
in this study, HIV infection was found to be the major risk
factor both for 18-month post-discharge mortality (hazard
ratio (HR) 10.5, 95 % CI 4.0–27.2) and for recurrence of
SA (HR 5.6, 95 % CI 1.6–20.1). Children admitted with
bacteraemia were also at an increased risk of post-
discharge all cause mortality (HR 2.2, 95 % CI 0.8–5.6).

With respect to current treatment recommendations nei-
ther iron nor folate deficiencies were factors for SA being
less prevalent among cases than controls (without SA) in
the SeVana study. Thus, although folate supplementation is
recommended, folate deficiency was not found in the
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Malawian SeVana study [6], in agreement with previous re-
ports [21] and observations that folate supplementation in
anaemic children with malaria failed to raise Hb concen-
trations [22]. Moreover, vitamin B12 and vitamin A supple-
mentation are not recommended in guidelines for the
management of SA. Iron supplementation is effective for
reduction of iron deficiency and anaemia in iron-deficient
children. However, a community-based randomised con-
trolled trial in Zanzibar designed to evaluate the impact of
zinc and iron plus folic acid supplementation on morbidity
and mortality in young children showed that supplementa-
tion may also be associated with adverse effects, specifically
increased risk of hospitalisation (primarily due to malaria
and infectious disease), and mortality in malaria-endemic
areas [23]. The WHO has revised its recommendations to
advise that iron and folic acid should only be targeted to-
wards those who are anaemic and at risk of iron deficiency.
Establishing iron status in children hospitalised with SA,
and more generally in paediatric populations living in mal-
arial areas, is technically challenging [24, 25] and is rarely
available in resource-limited hospitals, making the imple-
mentation of WHO guidelines challenging in the very
areas that are most affected. The development of
micronutrient powders (eg Nutromix™ or Sprinkles™;
Hexagon Nutrition Pvt Ltd, Nashik, Maharastra, India),
as a novel approach for delivering iron and other
micronutrients, offers a chance to correct relevant nu-
trient deficiencies [26] and provide iron in lower doses;
with good adherence in population-based studies [27].

With regard to infection prophylaxis the substantial
mortality benefits (allied with extremely low rates of tox-
icity) associated with cotrimoxazole prophylaxis in HIV-
infected children [28] have generally been attributed to
reductions in bacterial infections [29, 30]. Of note, these
benefits have been observed even in areas of high back-
ground resistance [31]. The fact that mortality bene-
fits cannot be attributed solely to pneumonia [29, 30]
raises the intriguing possibility that cotrimoxazole
may act on a number of different pathways – the
most important with regards to SA relapse being en-
teropathy and intestinal permeability, although any
benefits of cotrimoxazole on microbial translocation
and/or systemic immune activation, or on reducing
recurrent infections during recovery from SA, could
also impact longer-term morbidity. Cotrimoxazole has
been shown to be effective in preventing malaria in
HIV-uninfected children aged > 5 years [32], and in
HIV-exposed uninfected (HIV-uninfected children
born to HIV-infected mothers) and HIV-infected chil-
dren [33], despite high levels of background parasite
resistance to sulphamethoxazole.

In summary, the best available evidence suggests that
key factors for poor long-term outcome following SA hos-
pitalisation are nutritional factors and recurrent bacterial

infection, the strongest potentially modifiable underlying
causes of morbidity and mortality which we propose to
address in this trial.

Methods/Design
Study objectives
The primary objective of the trial is to identify effective,
safe and acceptable interventions to reduce short-term
and longer-term mortality and morbidity following ad-
mission to hospital with SA in sub-Saharan Africa. There
are 2 hypotheses being tested:

1) A liberal rather than a conservative blood
transfusion policy will decrease mortality
(cumulative to 4 weeks) in children admitted to
hospital with SA (Hb < 6 g/dl).

2) Supplementary multi-vitamin multi-mineral
(MVMM) treatments or additional cotrimoxazole
prophylaxis or both for 3 months post discharge
will reduce rates of readmission, SA relapse,
re-transfusion or death (cumulative to 6 months)
compared to current recommendations (iron and
folate) and anti-helminthics in all (anti-helminthics if
aged > 1 year).

Secondary objectives

i. To identify the most cost-effective interventions to
reduce early mortality, and assess their budget impact

ii. To determine efficacy of long-term support strategies
(MVMM and cotrimoxazole prophylaxis) on other
markers of nutritional status and causes of death

iii. To determine the effect of transfusion strategies
and long-term support strategies on markers of
inflammation and immunological activation and
function

iv. To identify the mechanism of action of the most
effective interventions through focussed investigations
of human genetic polymorphisms, molecular
diagnostics, immunological activation, markers of gut
barrier dysfunction, and haematological and
nutritional response

Study design and population
TRACT is a multicentre randomised controlled trial of
3954 children aged 2 months to 12 years admitted to
hospital with a Hb < 6 g/dl. Children will be enrolled
over 2 years from 2 countries and followed for 6 months.
The trial will simultaneously evaluate 3 ways to reduce
short-term and longer-term mortality (primary end-
point) and morbidity following admission to hospital
with SA in sub-Saharan Africa using a 3 x 2 x 2 factorial
design. All randomisations will be open. Inclusion/exclu-
sion criteria are detailed in Table 1.

Mpoya et al. Trials  (2015) 16:593 Page 3 of 14



Trial interventions
Each intervention addresses one of the potential ap-
proaches to reducing mortality and morbidity in children
with SA (Fig. 1: Trial flow schema)

R1: Immediate liberal transfusion (30 ml/kg) versus
immediate conservative transfusion (20 ml/kg) versus
no transfusion (the last strategy only for children with
uncomplicated SA with Hb 4–6 g/dl).
R2: Post-discharge MVMM supplementation for 3
months (which includes folate and iron) and anti-
helminthics if aged > 1 years versus routine care (folate
and iron at standard treatment doses (varies with age)
for 3 months) and anti-helminthics if aged > 1 year.
R3: Post-discharge cotrimoxazole prophylaxis for 3
months versus no prophylaxis.

R1 addresses both conservative aspects of current
guidelines: ‘whether to give blood’ in uncomplicated SA
(4-6 g/dl without complications), and ‘how much blood
to give’ in all children with SA. The transfusion and
post-discharge interventions will be open-label for rea-
sons of practicality and compliance.

Potential for interactions between the trial interventions
Because the transfusion, nutritional and antibiotic
prophylaxis interventions approach different mecha-
nisms for reducing short-term and long-term mortality/
morbidity following SA, we consider that important inter-
actions between randomised groups are unlikely. Further,
any interactions that do exist are likely to be quantitative
(slightly smaller/larger effects) rather than qualitative
(effect on one background, no effect on another).

Ethics approvals
The trial protocol was reviewed and obtained approval
from the Imperial College Research Ethics Committee
(ICREC_13_1_11). In Uganda the trial was approved by
the Research Ethics Committee in Uganda, Makerere
University School of Medicine Research and Ethics

Committee, Kampala (#REC ref 2013–050) and in Malawi
by the College of Medicine Research and Ethics Commit-
tee, (P.03/13/1365). In both countries regulatory author-
ities’ approval was also received.

Consent
Prospective written, informed consent will be obtained
from parents or guardians of children who are considered
to be sufficiently stable. Parents or guardians will be given
an information sheet in their usual language containing
details of the TRACT trial. The sheet will be read aloud to
those who are unable to read. Parents and guardians will
be encouraged to ask questions about the trial prior to
signing the consent form. The right of the participant to
refuse to participate without giving reasons must be
respected. However, we anticipate a number of children
presenting as emergencies where delay in study enrolment,
and thus treatment, through a consent procedure would
be unacceptable. A two-stage consent process in this cir-
cumstance and the details are covered under section
‘Consent process for severe life-threatening anaemia’ below.

Treatments given in the trial
Standard management
All trial patients will receive standard of care (SOC) in-
cluding antibiotics (given intravenously or orally) and/or
anti-malarial drugs following national guidelines, based
on WHO syndromic patient management [3]. We will
collect data on all administered drugs. Antipyretics, anti-
convulsants and treatment for hypoglycaemia will be ad-
ministered according to nationally agreed protocols. If
required, maintenance fluids will be run at 3–4 ml/kg/
hour irrespective of age until the child can drink and re-
tain oral fluids. At discharge from hospital all aged chil-
dren > 1 year will be receive empiric treatment for
helminths (500 mg mebendazole or 400 mg albendazole
in Malawi) in accordance to current recommendations
(SOC) regardless of randomised allocation.

Trial treatments
Randomisation procedures
Randomisation in each part of the factorial will be strati-
fied by centre and the other randomisations in the fac-
torial. Randomisation lists, using variable block sizes,
will be generated and kept at the Medical Research
Council Clinical Trials Unit (MRC CTU), London. The
randomisation envelopes and clinical packs will be pre-
pared before the trial, with 1 set for complicated SA
(R1a) and 1 for uncomplicated SA (R1b). Eligible children
will be screened and recruited at the time of hospital ad-
mission. At enrolment sealed consecutively numbered
opaque envelopes (opened in strict numeric order) will as-
sign a TRACT trial number and indicate a clinical pack
number. The clinical pack will be within the first 10 packs

Table 1 Inclusion and exclusion criteria
Inclusion criteria Exclusion criteria

Aged 2 months to 12 years Malignancy or other terminal illness

Severe anaemia (Hb < 6 g/dl) on
the day of admission to hospital

Acute trauma or burns as main reason
for admission

Care-giver willing/able to
provide consent

Surgery as main reason for admission

Chronic renal or liver failure

Signs of bi-ventricular heart failure

Known congenital or valvular heart
disease (non-surgically corrected)

Children who are exclusively breast fed
(thus unable to take nutritional support)
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Fig. 1 Trial scheme for the Transfusion and Treatment of severe anaemia in African children trial (TRACT)
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