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SUPPLEMENTARY METHODS 

(a) Trial sites 
The TRACT trial recruited children from three hospitals in Uganda (Mbale Regional Referral Hospital (RRH), Soroti 
Regional Hospital, and Mulago National Referral Hospital (NRH), Kampala) and one hospital in Malawi (Queen 
Elizabeth Central Hospital, Blantyre, Department/College of Medicine and Malawi-Liverpool-Wellcome Trust Clinical 
Research Programme). Enrolment began in September 2014 and completed in May 2017 when the full sample size 
was achieved. The last patient was followed up in November 2017. 
 
The sites were selected to represent a diversity of malaria transmission. In Eastern Uganda malaria endemicity is high 
and perennial (Mbale and Soroti centres); in Kampala (Mulago) Uganda malaria transmission is low; in Blantyre, in 
Southern Malawi Malaria endemicity in moderate and highly seasonal. 
 
Red Cell Hemoglobinopathies and Glucose 6 Phosphate Dehydrogenase (G6PD) deficiency  
The two countries also had differences in the background prevalence of sickle cell disease. In Uganda sickle cell 
disease is present in 1% of the population (Hb sickle cell trait 15%); whereas in Blantyre Malawi sickle cell disease is 
rare, with a cross sectional survey finding only 1 child (of 1071 surveyed) with sickle cell disease (and HBAs sickle cell 
trait in 3.8%).  
 
Alpha+-thalassemia (a clinically silent anemia) was common on both countries. In Uganda 6.6% had two deletions 
(homozygous) and 37.5% had on deletion (heterozygous). In Malawi 10% and 33% were homozygous and 
heterozygous for alpha thalassemia respectively.  
 
In Uganda and Malawi the dominant variant (polymorphism) is A-, with few other variants. Previous reports have 
shown that the prevalence of the A- variant (G6PD deficient) in Uganda was 12.7% male hemizygotes and 8.6% female 
homozygous (TNW personal communication). In Malawi (G6PD deficiency is much higher being present in 20% male 
as hemizygotes and 34% female heterozygous carriers, and 2.6% female homozygotes (G6PD deficient). 
 
Ugandan data are from 2123 unselected cord blood samples; (reported in Table 4 of that manuscript)1 and in Malawi 
from a cross sectional survey involving 1071 children covering northern, central and southern regions (reported in 
Table 2 of that manuscript2).  
 
There is no beta- thalassemia in either of these countries.  
 
(b) Inclusion/exclusion criteria from main trial protocol 
The full wording of inclusion/exclusion criteria from the main trial protocol is as follows: 
 
INCLUSION CRITERIA  
• Aged 2 months to 12 years 
• Severe anemia (hemoglobin <6g/dl) within a hospital admission and not previously transfused within this 

admission: if Hb measurement is >24h post-admission, then child should not have been previously transfused in 
this admission.  

• Carer willing/able to provide consent  
 
For this specific randomization to immediate vs no immediate transfusion, only children with hemoglobin 4-6g/dl and 
no severity signs (none of respiratory distress, impaired consciousness, hemoglobinurea or known sickle cell disease) 
were eligible.  
 
EXCLUSION CRITERIA 
• Malignancy or other terminal illness 
• Children who are exclusively breast fed (thus unable to take nutritional support) 
• Chronic renal or liver failure 
• Surgery as main reason for admission 
• Acute trauma or burns as main reason for admission  
• Signs of bi-ventricular heart failure  
• Known congenital or valvular heart disease (non-surgically corrected) 
 
On days where no blood was available for transfusion at all, screening did not take place, ie no screening forms were 
completed. Figure 1 includes details of children screened for the trial with a form completed: no blood available 
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indicates that blood was not available for a specific child on a specific day when the blood transfusion services did 
have blood in the bank. 
 
(c) Further details of allocation concealment 
Trial numbers and associated randomized allocations (to all four factorial randomizations) were kept inside opaque 
sealed envelopes, packed at Kilifi, Kenya, as were separate consecutively numbered packs containing case record 
forms and a link to one specific opaque sealed envelope containing a trial number and randomized allocation. The link 
between pack number and trial number (and hence randomized allocation) was also randomized within blocks. At 
enrolment, trial staff opened the next consecutively numbered pack, which directed them to a sealed randomization 
envelope which was within the next 16 envelopes, but was not the next one, ensuring allocation concealment. This 
method was used to ensure that acutely unwell children could be treated immediately at the emergency ward, 
without having to rely on a computer or the internet to obtain a randomized allocation. 
 
(d) Further details on blood transfusion services (BTS) and donor packs used for blood transfusion. 
 
General background  
The WHO Global Database on Blood Safety (GDBS) reports that in 2013 46 countries in Africa reported that a total of 
4.5 million units of blood were donated3. This figure however includes ~1 million units from Mauritius in which there 
were 39.7 donations/1000 population and South Africa (18 donations/1000 population). For the vast majority of Africa 
countries < 5 units of blood are donated per 1000 (see Figure 3 in3), far below the estimated requirement of 20 
units/1000 per year . Despite considerable investment by external funders in the decade since the previous report 
(2004-2005)4 few countries had made significant improvement in their collection rates. The full report is available3.    

 
Country-specific details  
In Uganda, the processing and supply of donor packs to Mulago NRH is done by Nakasero National BTS while Mbale 
and Soroti RRHs receive supplies from Mbale Regional BTS. In Malawi, Blantyre Regional BTS processed and supplied 
blood to Queen Elizabeth Central Hospital. The BTS are nationally coordinated departments within the Ministry of 
Health for each country and are responsible for collecting, processing and testing all blood. Most target voluntary non-
remunerated blood donors from low-risk populations but face challenges in maintaining this at 100%3,5.  
 
Units of blood and blood components are quarantined in a separate area prior to testing for transfusion transmissible 
infections (TTIs) away from blood packs designated for issue. TTI screening includes Human Immunodeficiency Virus 
(using tests to determine both antibody and antigen); Hepatitis B surface antigen; Hepatitis C antibodies and Syphilis. 
In Blantyre donor blood is also tested for malaria. Any unit of blood found positive for any of the mandatory 
serological tests is not be issued and is disposed of except for malaria positive packs that are retained in Malawi and 
can be issued to low risk patients. The BTS of Uganda and Malawi have external support.  
 
Hospital blood banks are responsible for collection, transport, storing, cross matching and issuing blood for 
transfusion Blood transfusions are not leucocyte-reduced during processing and for many blood banks maintaining a 
cold-chain is a challenge3, especially with the frequent power cuts and between collection from the BTS and delivery 
to the blood banks. All blood products are supplied free of charge to patients and hospitals. The hospital blood banks 
are also responsible for discarding donor blood that has exceeded is storage length. Expired blood is defined >35 days 
for whole blood and >42 days for red cell concentrates and packed cells.  
 
Blood packs 
Three pack types produced by local BTS were supplied for use in the trial6:  
(1) Whole blood, collected from donors and stored without any preparation;  
(2) Packed cells, produced by centrifugation, to removal platelets and plasma, followed by the addition of sodium, 
adenine, glucose and mannitol (SAGM) solution;  
(3) "Red Cell Concentrates", also described as settled cells, which were supplied in Uganda only. These are produced 
by gravity-dependent sedimentation as an alternative to centrifugation because of limited capacity for mechanical 
separation. The process of gravity-dependent sedimentation involved packs being hung at room temperature 
overnight before plasma was decanted off and SAGM added in a closed system of bags. 
 
Operational aspects 
Each day the clinical teams confirmed with the transfusion services that the quantities of blood available for 
transfusion were sufficient. Screening, and enrolment, was not conducted on days when supplies were critical or out 
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of stock. Thus, the numbers of patients enrolled per day varied from site to site and depend upon blood stocks and 
requirement by non-study children. 
 
In order to accurately calculate volumes of blood received by children in the trial, blood packs were weighed (before 
and after transfusion). Transfusions administered in gauged blood burettes to quality-assure the blood volume per 
transfusion. The hemoglobin and hematocrit values of all donor blood packs were verified within the trial using an 
aliquot, collected from the blood line prior to the start of each transfusion. Hemoglobin values were measured at the 
bedside using the HemoCue Hb301 system (HemoCue AB, Angelholm, Sweden), quality-controlled with Eurotrol 
Hb301 Control reagents (Eurotrol, USA) to ensure accuracy. Hematocrits were determined by centrifugation in 
capillary tubes (Hematospin 1300, Hawksley and Sons Ltd). The details of the blood used in the trial has been 
published previously6. 
 
Whole blood and packed/settled cells were run over 3-4 hours and 2-3 hours respectively. 
 
(e) Further details of endpoint ascertainment and adjudication 
SAEs were defined following the International Committee for Harmonisation as events which led to death, were life-
threatening, caused or prolonged hospitalization (excluding elective procedures), caused permanent disability, or 
were other medical conditions or with a real, not hypothetical risk of one of the previous categories. 
 
Deaths (including causes) and trial-drug relatedness were adjudicated by an Endpoint Review Committee (ERC) (two 
members independent of day to day running of the trial) blind to occurrence of transfusion, volume of transfusion and 
trial drugs received, using the available clinical/laboratory data provided by the sites. They also reviewed all suspected 
transfusion reactions, suspected respiratory events, suspected neurological events, and allergic reactions. 
 
(f) Sample size calculation from the trial protocol 
The sample size calculation for this randomization was based on 80% power and 2-sided alpha=0.013 to allow for 4 
comparisons (immediate vs no immediate transfusion reported here, plus factorial randomizations to 30mls/kg vs 
20mls/kg (including children with hemoglobin <4g/dl at presentation or 4-6g/dl with severity signs), post-discharge 
multi-vitamins multi-minerals, and post-discharge cotrimoxazole). The calculation assumed cumulative mortality at 4 
weeks (primary endpoint) would be 9% in the children with uncomplicated severe anemia who were eligible for this 
randomization, based on previous observational studies7-10. A total of 1553 children provided 80% power to detect a 
50% relative reduction (from 9% to 4.5%), assuming 6% lost to follow-up by the end of the trial (incorporated to allow 
for different timing of the primary endpoint in other randomizations). The 50% relative reduction targeted by this 
randomization was determined from clinical judgement, since there were no prior studies to inform what reductions 
might be expected. 
 
However, the planned total sample size for the trial as a whole (395411) also reflected the numbers needed to address 
the other randomized questions (details in protocol section 7.1), in particular the comparison of transfusion volume 
(30mls/kg vs 20mls/kg) which also included children with complicated severe anemia (not eligible for randomization 
to immediate vs no immediate transfusion). This other transfusion randomization targeted a smaller clinically relevant 
difference (30% relative reduction), but from a higher control group mortality (13.67%) given the poorer prognosis of 
complicated severe anemia, and therefore had a larger planned sample size of 2977. The minimum clinically relevant 
difference was larger for the immediate vs no immediate transfusion question than for the transfusion volume 
randomization as provision of safe blood at all was judged to require greater resources than provision of slightly larger 
vs slightly smaller blood volumes. However, children with uncomplicated severe anemia randomized to immediate 
transfusion were also randomized factorially to 30mls/kg vs 20mls/kg, leading to some overlap between the sample 
size for the two transfusion randomizations. Thus overall the trial planned sample size was 3954. 
 
(g) Statistical methods 
Time-to-event analyses measured time from randomization, censoring at the last ascertainment of vital status if the 
outcome or any competing events had not occurred. The primary analyses stratified for randomization stratification 
factors (centre) (stratified logrank test and stratified Cox regression); results from secondary unstratified analyses 
were very similar (data not shown). Lost-to-follow-up was defined as unknown vital status despite contact tracing by 
sites.  
 
Analyses of causes of death, and all time-to-event outcomes which did not include all-cause mortality, used competing 
risks methods. These estimated the probability of the event (analogous to Kaplan-Meier) using cumulative incidence 
functions, and estimated the effect of randomized group on the sub-distribution hazard corresponding to the 
cumulative incidence function12. For time to hemoglobin recovery and new profound anemia, death and discharge 
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were considered as competing events. These analyses were conducted unstratified, as stratification is not possible 
with the estimating equation approach used for estimation.  
  
Hemoglobin was compared between randomized groups over time using generalised estimating equations (GEE) 
(independent correlation structure) with randomized group, adjusting for stratification factors and scheduled visit 
week as categorical independent variables. The closest measurement to each scheduled visit date within equally 
spaced windows was used as the measurement at each scheduled visit. Continuous measurements were modelled 
using change from baseline as the outcome in a normal GEE model, adjusting for baseline value. Hemoglobin below or 
above thresholds was modelled using Poisson regression with robust variance adjustment, adjusting for baseline 
hemoglobin and centre. Baseline values were those taken at screening.  
 
For each of the primary and secondary outcomes, interactions with the other two relevant factorial randomizations 
(post-discharge cotrimoxazole or multi-vitamins multi-minerals) were tested by including interaction terms in the final 
model as above. 
 
No adjustment was made for multiple testing.  
 
(h) Death rate 
To estimate a continuously varying death rate (hazard) we used flexible parametric models based on the standard 
Weibull model.13,14 The underlying model has monotonic (ie always increasing or always decreasing) hazard, but the 
flexible parametric models introduce additional terms in the hazard linearisation (via natural cubic splines) which 
allow the death rate to increase and then decrease or vice versa. The Akaike Information Criterion (AIC) was used to 
identify the number of interior knots for the natural cubic splines (between 1 and 5).14 AIC-based selection of the 
underlying model was performed adjusted for randomized group as an explanatory factor, then also allowing the 
variation in death rates over time to differ according to randomized group (AIC used to identify number of interior 
knots for natural cubic splines for any departures from the baseline hazard (between 1 and number of interior knots 
identified for baseline hazard)). This analysis was not stratified for randomization stratification factors. The best fitting 
model according to AIC was with 1 interior knots at the 50th percentile of the uncensored survival times, plus 2 
boundary knots at their minimum and maximum, and a proportional effect of randomized group on the hazard (linear 
effect of log time). 
 
(i) Subgroup analyses 
For the comparison of immediate vs no immediate transfusion (control), we pre-specified in the protocol nine 
subgroup analyses by the other factorial randomizations (multi-vitamins multi-minerals vs iron and folate, 
cotrimoxazole vs none), stratification factors (centre) and other key factors (previous transfusion ever (including in 
this illness), fever at screening (temperature >37.5°C defined from previous analysis in Phase II Pilot trial15  threshold 
explicitly stated in the Statistical Analysis Plan), malaria, known or previously undiagnosed sickle cell disease on 
enrolment, HIV, microbiological evidence of sepsis (blood culture or retrospective molecular diagnosis)). Of note, the 
tenth subgroup analysis specified in the protocol was for severity stratum (complicated vs uncomplicated severe 
anemia) and therefore applied to the transfusion volume randomization only, since children with complicated severe 
anemia were not eligible for this randomization to immediate vs no immediate transfusion, The specific p-value 
against which subgroup analyses were to be interpreted was not specified in the protocol or the statistical analysis 
plan. For 9 subgroup analyses, a conservative Bonferroni threshold for significance for overall Type I error of 0.05 is 
p=0.0057, and for overall Type I error of 0.013 (reflecting the 4 randomized comparisons in the trial) is 0.0015. 
 
A further four subgroup analyses for this randomization were pre-specified in the Statistical Analysis Plan, namely by 
malnutrition, shock (one of weak pulse volume, temperature gradient or capillary refill time), hypothermia, and 
dehydration. As above, a fifth subgroup analysis specified in the Statistical Analysis Plan by hemoglobinuria did not 
apply to this randomization, because children with hemoglobinuria were not eligible for this randomization. A sixth 
subgroup analysis by pack type did not apply to this randomization because half the children were randomized to no 
immediate transfusion. For 13 subgroup analyses (9+4), a conservative Bonferroni threshold for significance for 
overall Type I error of 0.05 is p=0.0039, and for overall Type I error of 0.013 (reflecting the 4 randomized comparisons 
in the trial) is 0.0010.  
 
For continuous factors, we considered both categorization and natural cubic splines (five knots at the 10th, 25th, 50th, 
75th, and 90th centiles) to test for interactions with the main intervention effect of immediate vs no immediate 
(control) transfusion. All subgroup analyses were conducted unstratified to avoid losing information from small strata 
with no events in one randomized group. 
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(j) Baseline predictors of transfusion 
Baseline predictors of transfusion in the control group (no immediate transfusion) were identified using competing 
risks methods with the competing event of discharge or death based on backwards elimination with exit p=0.05 
including non-linearity by fractional polynomials where p<0.05 (Stata mfp). Factors considered were baseline 
hemoglobin, heart rate, respiratory rate, oxygen saturation, systolic blood pressure, diastolic blood pressure, age, 
gender, site, temperature gradient, capillary refill time>2 seconds, weak pulse, history of fever, history of fever >14 
days, malaria, antibiotics prescribed, history of cough, vomiting, diarrhea, fits, admitted into another hospital for >24 
hours in this illness, had 2 or more doses of IV or IM quinine in this illness, previously blood transfusion ever, previous 
blood transfusion in this illness, received oral antibiotics in the last week, received oral antimalarials in the last week, 
received traditional medicine in last week, child had HIV, has had 2 or more hospital admissions in last year, received 
anti-helminths in last 6 months, indrawing, crackles, liver size >2cm below costal margin, splenomegaly (gross ≥5cm), 
jaundice, kwashiorkor, wasting, and generalised lymphadenopathy. 
 
(k) Cost-effectiveness analysis 
Economic analysis estimated costs (in 2018 $US) and health outcomes (in life years gained) over the 180-day trial 
using data on mortality, health resource use and unit costs for each country. There is considerable uncertainty 
regarding the costs of blood packs and hemoglobin testing and monitoring. Base case economic analysis therefore 
considered a single cost for a blood pack irrespective of the type of pack and the volume actually used (given 
variability in the volume of blood even within specific pack types), and the observed number of hemoglobin tests done 
during follow-up. A number of sensitivity analyses were implemented to assess robustness of the results. Total costs 
and life years were independently regressed on a set of baseline factors, including randomized group, which allowed 
for a cost-effectiveness analysis to be conducted.   
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SUPPLEMENTARY RESULTS 

(a) Further details of transfusions after discharge from the primary admission 
Twenty of 753(3%) immediate transfusion vs. 19/738(3%) control cases had transfusion(s) reported post-discharge but 
before 28 days (primary endpoint), and 73/762(10%) vs. 62/757(8%), respectively, before 180 days. 
 
(b) Cause of death 
Of deaths, 44/82 could not be assigned a cause, mostly occurring outside hospital with little available information 
(Table S13). Hematological conditions were the commonest primary cause of death (16(20%); 8 immediate, 8 control); 
10(12%) were attributed to septicaemia-meningitis. 
 
(c) Subgroup analyses 
Of 13 subgroups, including the other randomizations, 7 showed no evidence of heterogeneity at day-28 (p>0.08; 
Figures S7, S8) and heterogeneity was unable to be assessed in 6 due to low numbers. Numbers were also too few to 
reliably assess the influence of fever at screening according to transfusion volume (Table S14). 
 
(b) Completeness of hemoglobin results 
At 48h, day-28 and day-180, hemoglobin was recorded in 1544/1563 (99%), 1457/1545 (94%) and 1349/1483 (91%) of 
survivors respectively.  
 
(c) Nutritional outcomes 
There was no evidence of differences between randomized groups in changes in weight or mid-upper-arm-
circumference at day-90 or day-180 (Table S15). 
 
(d) Cost-effectiveness sensitivity and regression analyses 
Total cost regression modelling found that the control group had an adjusted lower cost by $15.7 (Table S16). Baseline 
determinants of higher costs included country (additional cost of $20.6 for Uganda), history of blood transfusion, 
including in current illness (additional cost of $11.8).  
 
Regression modelling estimated a negative effect of the control compared to immediate transfusion strategy on total 
life years (-0.005 LY) but this was not statistically significant (standard error 0.004 LY) (Table S17).  
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SUPPLEMENTARY FIGURES 

Figure S1 Time to first transfusion 

 
Note: considering death and discharge as competing risks 
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Figure S2 Absolute difference in predicted mortality risk between randomized groups 

 
 
Figure S3 Mean (95% CI) hemoglobin in children randomized to control (no immediate) transfusion split by the 
timing of transfusion 
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Figure S4 Hemoglobin recovery 
(a) Cumulative incidence of hemoglobin recovery (>9g/dl) prior to 48 hours, discharge or death 

 
Note: sub-hazard ratio=11.73 (95% CI 8.69,15.84). Confidence intervals have not been adjusted for multiple testing 
and inferences drawn from the intervals may not be reproducible. This is a competing risks analysis considering 
discharge or death (without observed hemoglobin >9g/dl) to be competing events to hemoglobin recovery. Plotted 
until 48 hours as only 1 hemoglobin > 9g/dl recorded during admission but after 48 hours from randomization. 
 

(b) Cumulative incidence of discharge with hemoglobin<9g/dl  

  
Note: sub-hazard ratio= 0.34 (95% CI 0.30, 0.39). Confidence intervals have not been adjusted for multiple testing and 
inferences drawn from the intervals may not be reproducible. This is a competing risks analysis considering 
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hemoglobin recovery (up to 48h) or death before discharge (without observed hemoglobin >9g/dl) to be competing 
events to discharge with last hemoglobin (measured up to 48h) <9g/dl 
 
 

(c) Cumulative incidence of new profound anemia (<4g/dl) during admission  

 
Note: sub-hazard ratio=0.03 (95% CI 0.02, 0.05). Confidence intervals have not been adjusted for multiple testing and 
inferences drawn from the intervals may not be reproducible. This is a competing risks analysis considering death and 
discharge to be competing events.  
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Figure S5 Cumulative incidence of discharge from primary admission 

 
Note: sub-hazard ratio=1.62 (95% CI 1.46, 1.80). Confidence intervals have not been adjusted for multiple testing and 
inferences drawn from the intervals may not be reproducible. This is a competing risks analysis considering death in 
hospital to be a competing event to discharge 
 
Figure S6 Cumulative incidence of readmission to hospital 

 
  
Note: sub-hazard ratio=1.09 (95% CI 0.84, 1.40). Confidence intervals have not been adjusted for multiple testing and 
inferences drawn from the intervals may not be reproducible. This is a competing risks analysis considering death in 
the community to be a competing event to readmission. Children become at risk after discharge 
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Figure S7 Nine subgroup analyses for the primary endpoint (28 day mortality) pre-specified in the protocol 
 

 
Note: Centre, known or previously undiagnosed sickle cell disease, microbiological evidence of sepsis, and HIV status 
were not able to be tested for an interaction due to zero deaths in one group or more within one subgroup category. 
P-values not adjusted for multiple testing. 
SoC=Standard of Care 
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Figure S8 Four subgroup analyses for the primary endpoint (28-day mortality) pre-specified in the Statistical 
Analysis Plan but not the protocol 
 

 
Note: Hypothermia and malnutrition were not able to be tested for an interaction due to zero deaths in one group 

within one subgroup category. P-values not adjusted for multiple testing. 
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SUPPLEMENTARY TABLES 

Table S1: Additional baseline characteristics of children randomized to immediate transfusion vs control 
 

 Immediate 
(N=778) 

Control 
(N=787) 

Total 
(N=1565) 

Severe malnutrition* 23 (3%) 14 (2%) 37 (2%) 
Undernourished** 49 (6%) 35 (5%) 84 (5%) 
Capillary refill time (seconds) 1 (1,2) 1 (1,2) 1 (1,2) 
Temperature gradient (shin to thigh) 28 (4%) 26 (3%) 54 (3%) 
Weak radial pulse 4 (1%) 3 (<1%) 7 (<1%) 
Randomized within 24h of admission 358 (92%) 359 (92%) 717 (92%) 
Number of transfusions ever     
 One transfusion 105 (14%) 80 (10%) 185 (12%) 
 Two transfusions 44 (6%) 38 (5%) 82 (5%) 
 Three or four transfusions 28 (4%) 20 (3%) 48 (3%) 
 Five or more transfusions 16 (2%) 11 (1%) 27 (2%) 
 Unknown number 0 (0%) 2 (<1%) 2 (<1%) 
Sickle cell disease by genotyping‡    
 SS (undiagnosed sickle cell disease) 172 (22%) 168 (22%) 340 (22%) 
 AS 24 (3%) 35 (5%) 59 (4%) 
 AA 576 (75%) 574 (74%) 1150 (74%) 

* one or more of mid-upper arm circumference (MUAC) < 11·0cm (children aged 2 to 6 months) or MUAC < 11·5cm 
(children aged 6 to 59 months) or Weight for Height Z score ((WHZ) < -3 or Weight for Age Z score (WAZ) if height not 
recorded) or presence of kwashiorkor at any age 

** one or more of as mid-upper arm circumference (MUAC) ≥ 11·0cm – 11.9cm (children aged 2 to 6 months) or 
MUAC ≥ 11·5cm – 12.4 (children aged 6 months to 59 months) or WHZ-3 to -2 (or WAZ if height not recorded) at any 
age. 
‡ From batch genotyping after the end of the trial (n=16 with missing results, 6 immediate and 10 control).  
Note: showing numbers (%) or median and interquartile ranges (IQR). 
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Table S2: Characteristics of blood given in first transfusion 
 

 Immediate 
(N=778) 

Control 
(N=787) 

Total 
(N=1565) 

Received one or more transfusions 778 (100%) 386 (49%)  
Reason for first transfusion in control group    
 New hemoglobin <4g/dl  295 (76%)  
 New severity signs and hemoglobin 4-6g/dl  57 (15%)  
 Sickle cell disease identified during hospital admission  7 (2%)  
 First transfusion before 48 hours with no recorded 

severity signs and hemoglobin ≥4g/dl  3 (1%)  

 First transfusion after 48 hours with no recorded severity 
signs and hemoglobin ≥4g/dl  24 (6%)  

Median (IQR) time (hours) to first transfusion 1.2 (0.9,1.7) 24.9 (9.2,49.8) 1.7 (1.1, 9.8) 
Number (%) with first transfusion within 4h 739 (95%) 13 (3%) 752 (65%) 
Volume of whole blood equivalent received (first transfusion) 
(%)    

 <17 ml/kg 5 (1%) 3 (1%) 8 (1%) 
 17-23 ml/kg 386 (50%) 379 (98%) 765 (66%) 
 >23 - <27 ml/kg 4 (1%) 0 (0%) 4 (0%) 
 27-33 ml/kg 380 (49%) 2 (1%) 382 (33%) 
 >33 ml/kg 3 (1%) 2 (1%) 5 (1%) 
Pack type of first pack in first transfusion*    
 Whole blood 243 (31%) 129 (33%) 372 (32%) 
 Whole blood (via transfer bags) 152 (20%) 89 (23%) 241 (21%) 
 Settled cells 205 (26%) 97 (25%) 302 (26%) 
 Packed cells (spun) 178 (23%) 71 (18%) 249 (21%) 
Pack hemoglobin (g/dl), median, IQR 16.3 (13.7,19.3) 16.0 (13.3,18.5) 16.2 (13.6,19.1) 
Pack hematocrit (%), median, IQR 49.8 (41, 59) 50.1 (40.6, 60) 50 (41, 59.3) 
Pack age (days), median, IQR 12 (6, 19) 11 (6, 18) 12 (6, 19) 
Number of transfusions per child (% of children transfused)    
 1 transfusion 748 (96%) 346 (90%) 1094 (95%) 
 2 transfusions 22 (3%) 35 (9%) 57 (5%) 
 3 or more transfusions 8 (1%) 5 (1%) 13 (1%) 
*Whole blood (via transfer bags) were small bags of whole blood (also referred to as pedi-packs), settled cells were 
red blood cell concentrates created using gravity, packed cells were red blood cell concentrates created using a 
centrifuge. The pack type shown is the type of the first pack in the transfusion. Of the113 children who had two or 
more packs on their first transfusion, 21/113 (19%) had two or more different types of pack.15/21 were different 
types of whole blood pack (i.e transfer instead of direct or vice versa), and 1/21 were different types of red cell 
concentrate (i.e packed instead of settled cell packs or vice versa). Thus only 5 children (0.4% of those transfused, 4% 
of those receiving two or more packs in their first transfusion) received both whole and packed/settled cells in their 
first transfusion. 
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Table S3 Description of last hemoglobin measured for each child that died by 28-days 
 

Child Randomized 
group 

Transfused in 
admission? 

Hemoglobin 
at baseline 

Hemoglobin 
at 48 hours 

Last measured 
hemoglobin 

Day of last measured 
hemoglobin(from 
randomization) 

Day of death (from 
randomization) 

Time from 
randomization to 
transfusion (hours) 

1 Immediate Yes 4.0 7.2 7.2 2 6 1.2 
2 Immediate Yes 4.4 9.6 9.6 2 6 1.6 
3 Immediate Yes 5.5 6.2 6.2 2 9 0.9 
4 Immediate Yes 5.7 5.6 5.6 2 2 1.3 
5 Immediate Yes 5.7 7.7 4.4 16 22 0.8 
6 Immediate Yes 5.9 6.9 6.9 2 23 0.8 
7 Immediate Yes 5.9 9.4 9.4 2 16 1.7 
8 Control No 4.6 Died 4.6 0 1  
9 Control No 4.7 5.4 5.4 2 6  
10 Control No 5.8 6.5 6.5 2 25  
11 Control Yes 4.2 6.0 6.0 2 19 8.4 
12 Control Yes 4.4 6.8 6.8 2 4 9.1 
13 Control Yes 4.6 5.4 2.3 21 23 8.3 
14 Control Yes 4.6 6.3 6.3 2 6 5.2 
15 Control Yes 4.8 7.7 7.7 2 15 31.7 
16 Control Yes 5.1 5.0 5.0 2 6 9.9 
17 Control Yes 5.7 6.2 6.2 2 10 29.4 
18 Control Yes 5.8 4.0 2.5 8 8 60.2 
19 Control Yes 5.9 9.0 9.0 2 8 8.8 
20 Control Yes 5.9 Died 9.3 0 1 2.7 
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Table S4 Haemoglobin over 180 days 
(a) Mean haemoglobin 
 0 hours 8 hours 16 hours 24 hours 48 hours 28 days 90 days 180 days 
N:immediate 787 779 777 778 776 724 688 668 
N:control 778 760 772 771 768 733 699 681 
mean 
difference 
(95% CI)*  

-  3.28 (3.03, 
3.53) 

2.98 (2.73, 
3.23) 

2.76 (2.51, 
3.01) 

2.42 (2.17, 
2.67) 

0.60 (0.35, 
0.86) 

0.48 (0.22, 
0.73) 

0.23 (-0.03, 
0.49) 

Missing 
(death) 

 1 (0.06%) 1 (0.06%) 2 (0.1%) 2 (0.1%) 20 (1%) 55 (4%) 82 (5%) 

Missing 
(other) 

 25 (2%) 15 (1%) 14 (1%) 19 (1%) 88 (6%) 123 (8%) 134 (9%) 

 

(b) Haemoglobin thresholds  
>9g/dl 8 hours 16 hours 24 hours 48 hours 28 days 90 days 180 days 
N:immediate 253 (33%) 287 (37%) 268 (35%) 266 (35%) 478 (65%) 483 (70%) 475 (70%) 
N:control 2 (<1%) 16 (2%) 19 (2%) 29 (4%) 408 (56%) 430 (64%) 437 (65%) 
risk ratio (95% CI)*  130.35 

(32.51,522.63) 
18.17 (11.08, 
29.81) 

14.30 (9.06, 
22.56) 

9.32 (6.43, 
13.52) 

1.16 (1.07, 
1.26) 

1.11 (1.03, 
1.20) 

1.07 (0.99, 
1.15) 

<6g/dl        
N:immediate 49 (6%) 42 (5%) 44 (6%) 47 (6%) 34 (5%) 29 (4%) 35 (5%) 
N:control 636 (82%) 547 (70%) 492 (63%) 398 (51%) 66 (9%) 42 (6%) 36 (5%) 
risk ratio (95% CI)**  0.07 (0.06,0.10) 0.08 

(0.06,0.10) 
0.09 (0.07, 
0.12) 

0.12 (0.09, 
0.16) 

0.51 (0.34, 
0.76) 

0.68 (0.42, 
1.08) 

0.94 (0.60, 
1.48) 

* comparing change from baseline, adjusting for baseline and centre. 
** from Poisson regression (rate ratio), adjusting for baseline hemoglobin and centre. Global test of repeated measures 
p=0.13 for <6g/dl across 28, 90 and 180 days. 
Note: confidence intervals have not been adjusted for multiple testing and inferences drawn from the intervals may not be 
reproducible. Illustrated visually in main Figure 2B and 2C respectively. 
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Table S5 All SAEs 
 
 Immediate Control Total 
death not otherwise specified 11 15 26 
anemia 29 36 65 
anemia+arthralgia+arthitis 0 1 1 
anemia+epigastric pain+vomiting 1 0 1 
anemia+sickle cell crisis 5 2 7 
anemia+splenomegaly 1 0 1 
anemia+thrombocytopenia+raised lfts 0 1 1 
anemia+DUS 10 3 13 
anemia+DUS+injury 0 1 1 
anemia+fever+DUS 1 0 1 
anemia+malaria 10 20 30 
anemia+malaria+convulsions 1 0 1 
anemia+malaria+DUS 4 3 7 
anemia+malaria+DUS+hypoglycemia 1 0 1 
anemia+malaria+malnutrition 1 0 1 
anemia+malaria+DUS+sepsis 1 1 2 
anemia+malaria+gastroenteritis 0 1 1 
anemia+malaria+LRTI/pneumonia 0 1 1 
anemia+malaria+sepsis 3 3 6 
anemia+malaria+URTI 0 1 1 
anemia+convulsions+fever+vomiting 1 0 1 
anemia+diarrhea 2 1 3 
anemia+DUS+sepsis 1 0 1 
anemia+fever 3 4 7 
anemia+fever+DUS 1 4 5 
anemia+fever+DUS+malaise 1 0 1 
anemia+gastroenteritis 2 1 3 
anemia+gastroenteritis+marasmus 0 1 1 
anemia+gastroenteritis+sepsis 0 1 1 
anemia+LRTI/pneumonia 0 4 4 
anemia+LRTI/pneumonia+arthralgia 1 0 1 
anemia+LRTI/pneumonia+sepsis 0 2 2 
anemia+sepsis 12 13 25 
anemia+sepsis+convulsions 1 0 1 
anemia+sepsis+convulsions+sickle cell crisis 1 0 1 
anemia+sepsis+diarrhea 0 1 1 
anemia+sepsis+malnutrition 1 0 1 
anemia+sepsis+sickle cell crisis 2 0 2 
anemia+sepsis+URTI 0 1 1 
malaria 33 20 53 
malaria+convulsions 1 1 2 
malaria+convulsions+epistaxis 0 1 1 
malaria+DUS 4 0 4 
malaria+sickle cell crisis 0 1 1 
malaria+diarrhea 0 1 1 
malaria+LRTI/pneumonia 1 0 1 
malaria+sepsis 1 2 3 
abscess+sickle cell crisis 3 0 3 
acute hepatitis 1 0 1 
convulsions+fever 3 0 3 
convulsions+fever+vomiting 0 1 1 
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 Immediate Control Total 
diarrhea 0 2 2 
diarrhea+thrombotic thrombocytopenic purpura 0 1 1 
diarrhea+vomiting 0 1 1 
disseminated intravascular 
coagulation+gingivitis+malnutrition+thrombotic 
thrombocytopenic purpura 

0 1 1 

DUS 3 2 5 
DUS+fever 0 2 2 
fever 1 1 2 
fever+abdominal pain 0 1 1 
fever+fatigue 0 1 1 
gastroenteritis 0 1 1 
gastroenteritis+fever+malnutrition 0 1 1 
gastroenteritis+marasmus 0 1 1 
gastroenteritis+measles 1 0 1 
gastroenteritis+URTI 0 1 1 
LRTI/pneumonia 4 4 8 
LRTI/pneumonia+convulsions 1 0 1 
LRTI/pneumonia+sickle cell crisis 0 1 1 
neuroplasticity+metastatis+meningitis 1 0 1 
sepsis 3 5 8 
sepsis+diarrhea 0 1 1 
sepsis+DUS 1 0 1 
sepsis+sickle cell crisis 1 3 4 
Tuberculosis 0 1 1 
Tuberculosis (abdominal)+malnutrition 1 0 1 
Tuberculosis (disseminated) 1 0 1 
urinary tract infection 1 0 1 
allergic reaction 4 2 6 
allergic reaction+hypotension 1 0 1 
burns 0 1 1 
carcinoma 0 1 1 
epistaxis+cough 1 0 1 
fracture 1 0 1 
hemolysis 1 0 1 
hernia 1 0 1 
hypotension 1 1 2 
impetigo 1 1 2 
injury 1 0 1 
leukemia 3 3 6 
leukemia+thrombocytopenia 1 0 1 
malnutrition 0 2 2 
marasmus 0 1 1 
neuroplasticity+metastatis 1 0 1 
non-Hodgkins lymphoma 0 1 1 
edema 1 0 1 
pancytopenia+splenomegaly 0 1 1 
shock 0 1 1 
sickle cell crisis 6 4 10 
Note: DUS=dark urine syndrome, LRTI=lower respiratory tract infection, URTI=upper respiratory tract infection 
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Table S6 Grades of allergic reaction or lung-related transfusion injury SAEs 
 
 
SAE 

Immediate 
(N=778) 

Control 
(N=787) 

Total 
(N=1565) 

Suspected allergic reaction 6 (<1%)† 2 (<1%)$ 8 (<1%) 
   Grade 3 (not life-threatening /prolongation of hospitalization) 3 0 3 
   Grade 2 (moderate) 3 2 5 
Suspected transfusion related lung injury* 0 (0%) 0 (0%) 0 (0%) 
Raised intracranial pressure 0 (0%) 1 (<1%)& 1 (<1%) 
   Grade 3 (not life-threatening /prolongation of hospitalization) 0 1 1 
* Suspected pulmonary overload or transfusion-related acute lung injury (TRALI) or transfusion-related 
circulatory overload (TACO). 
† Five (3 grade 2, 2 grade 3) were classified as definitely, probably or possibly related to transfusion and one (1 
grade 3) was classified as unrelated (and occurred 3 days after transfusion). 
$ One (grade 2) occurred after discharge and classified as unrelated to transfusion. One (grade 2) occurred 
during the first transfusion. 
& Classified as unrelated to transfusion and occurred during a subsequent readmission. 
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Table S7 Unit costs for health care services used in TRACT 
 

Healthcare resource Country Unit cost 
($US) Source 

Consultations with healthcare providers (per visit) 

Clinic visit  Uganda 1.11 WHO Choice 16 - Primary Level Hospital Cost per 
Outpatient Visit Health Centre No Beds (updated to 2018*) 

Clinic visit Malawi 0.63 WHO Choice 16 - Primary Level Hospital Cost per 
Outpatient Visit Health Centre No Beds (updated to 2018*) 

Hospital stay (per bed day) 

Hospital bed day Uganda 5.50 WHO Choice 16 - Primary Level Hospital Cost per 
Outpatient Visit Health Centre No Beds (updated to 2018*) 

Hospital bed day Malawi 2.61 WHO Choice 16 - Primary Level Hospital Cost per 
Outpatient Visit Health Centre No Beds (updated to 2018*) 

Investigations  
Rapid Diagnostic Test – RDT (per 
test)  

Uganda & 
Malawi 0.18 The Global Fund 17 - assumed to be equivalent to Nigerian 

unit cost and excludes distribution costs 

Hemoglobin test (per test) ¥ Uganda & 
Malawi 1.07 Lara et al 18 – unit cost is for Malawi HemoCue® and was 

assumed to be equivalent in Uganda (updated to 2018*) 

Hemoglobin test (per test) ^ Uganda & 
Malawi 4.00 Olupot-Olupot et al 19 – unit cost is for Uganda HemoCue® 

and was assumed to be equivalent in Malawi^ 
Blood adult pack (approx. 450ml but varying during the trial (median 342, IQR 270-480)) for transfusion ^ and ¥ 

Blood transfusion (per pack) - 
lower bound Uganda 20.93 Tull 20 (updated to 2018*)¥ 

Blood transfusion (per pack) - 
upper bound Uganda 41.85 Tull 20 (updated to 2018*)^ 

Blood transfusion (per pack) - 
lower bound Malawi 20.92 Lara et al 21 (updated to 2018*)¥ 

Blood transfusion (per pack) - 
upper bound Malawi 72.00 Lara et al 21 (updated to 2018*)^ 

Blood pedi pack (approx. 150ml but varying during the trial (median 130, IQR 110-228)) for transfusion ^ 
Blood transfusion (per pack) - 
lower bound Uganda 6.97 Assumption** 

Blood transfusion (per pack) - 
upper bound Uganda 13.95 Assumption** 

Blood transfusion (per pack) - 
lower bound Malawi 6.97 Assumption** 

Blood transfusion (per pack) - 
upper bound Malawi 24.00 Assumption** 

* Inflation data provided from US Inflation Calculator 22;  
** Assumed equivalent to 1/3 of adult blood cost. Excludes costs of preparing, transporting, storing, cleaning or any fixed 
costs related to pedi packs;  
^ Sensitivity analysis (shaded gray);  
¥ Base-case analysis 
 
Note: in practice blood packs of different types were varying sizes, and some packs were also settled/packed cells for which 
no costs are available. Therefore base-case analysis assumed a single cost for each pack, regardless of type of size, 
reflecting the fact that blood transfusion services try to match available pack sizes to the blood requirements of an 
individual child, and the costs of pack consumables are the same regardless of volume. 
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Table S8 Resources utilised from randomization through to 180 days 
(a) Healthcare resources  

 

Healthcare resources used Immediate 
(n=778) 

Control 
(n=787) 

Total 
(n=1565) 

Any medication received  
During first admission n patients (%) 764 (98.2%) 777 (98.7%) 1541 (98.5%) 
At discharge n patients (%) 761 (97.8%) 754 (95.8%) 1515 (96.8%) 
At 28 days follow-up n patients (%) 744 (95.6%) 728 (92.5%) 1472 (94.1%) 
At 90 days follow-up n patients (%) 333 (42.8%) 368 (46.8%) 701 (44.8%) 
At 180 days follow-up n patients (%) 373 (47.9%) 326 (41.4) 699 (44.7%) 
Hospital resources 
Total hospital stay mean (SD) days 5.52 (5.70) 6.37 (7.23) 5.95 (6.53) 

First admission mean (SD) days 4.07 (2.64) 4.94 (3.18) 4.50 (2.96) 
Readmissions – all patients mean (SD) days 1.45 (4.94) 1.42 (6.25) 1.45 (5.64) 

Readmissions – readmitted patients mean (SD) days 7.92 (10.42) 8.40 (14.77) 8.15 (12.69) 
n patients (%) 118 (15.2%) 111 (14.1%) 229 (14.6%) 

Hemoglobin investigations during 
follow-up (observed) * 

mean (SD) 7.91 (1.03) 7.86 (1.05) 7.88 (1.04) 
n patients (%) 778 (100.0%) 777 (100.0%) 1565 (100.0%) 

Investigations on readmissions 
(estimated)** 

mean (SD) 1.85 (1.10) 1.93 (1.35) 1.88 (1.23) 
n patients (%) 117 (15.0%) 107 (13.6%) 224 (14.3%) 

Consultations with healthcare providers (number of appointments) 

Local clinic mean (SD)  1.46 (1.00) 1.43 (0.83) 1.44 (0.92) 
n patients (%) 319 (41.0%) 299 (38.0%) 618 (39.5%) 

* Hemoglobin testing frequency observed (not per protocol);  
** Investigations on readmission (estimated resource consumption, i.e. not observed) 
 

(b) Transfusions received during primary admission 
 

Blood Transfusions* Immediate 
(n=778) 

Control 
(n=787) 

Total 
(n=1565) 

Children receiving blood transfusions n patients (%) 778 (100.0%) 386 (49.0%) 1164 (74.4%) 

Number of blood packs/ transfusions 
received per child (base-case) ** mean (SD) 1.06 (0.39) 1.15 (0.60) 1.09 (0.47) 

Volume of blood (mls) whole blood 
equivalent received per child mean (SD) 313.8 (228.4) 289.2 (243.6) 305.6 (233.7) 

* Only considering children that received blood transfusions. Whole blood equivalent: packed and settled cells volume 
adjusted. Irrespective of pack type.  
** Number of packs/transfusions received per child (irrespective of volume and pack type).  
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Table S9 Unadjusted costs and outcomes during trial period 
 

Unadjusted cost ($US) Immediate 
(n=778) Control (n=787) Total (n=1565) 

Blood transfusion costs * 
Blood pack transfusions – 
transfused patients mean (SD) 22.20 (8.23) 24.01 (12.46) 22.79 (9.87) 

Blood pack transfusions – all 
patients mean (SD) 22.20 (8.23) 11.78 (14.85) 16.95 (13.10) 

Medication costs 
Initial admission (including 
fluids) 

mean (SD) 6.05 (3.87) 6.58 (10.00) 6.32 (7.59) 
n patients (%) 721 (92.7%) 725 (92.1%) 1446 (92.4%) 

Discharge mean (SD) 1.32 (0.84) 1.37 (1.15) 1.35 (1.01) 
n patients (%) 754 (96.9%) 751 (95.4%) 1505 (96.2%) 

Follow-up 28-days mean (SD) 2.69 (2.01) 2.84 (2.40) 2.76 (2.21) 
n patients (%) 741 (95.2%) 726 (92.2%) 1467 (93.7%) 

Follow-up 90-days mean (SD) 3.11 (11.04) 2.53 (9.25) 2.80 (10.11) 
n patients (%) 290 (37.3%) 336 (42.7%) 626 (40.0%) 

Follow-up 180-days mean (SD) 2.00 (3.26) 2.40 (5.03) 2.19 (4.32) 
n patients (%) 330 (42.4%) 300 (38.1%) 630 (40.3%) 

Primary/secondary care health resources utilised 
Hospital stay 

First admission  mean (SD) 23.18 (14.65) 27.75 (16.53) 25.47 (15.78) 
Readmissions –  
all patients mean (SD) 6.46 (26.75) 6.47 (34.54) 6.47 (30.91) 

Readmissions–  
readmitted patients mean (SD) 42.61 (56.56) 45.86 (81.87) 44.19 (69.84) 

Total mean (SD) 29.70 (31.22) 34.30 (39.78) 32.00 (35.83) 
Hemoglobin investigations 
during follow-up (observed) ** mean (SD) 8.46 (1.11) 8.41 (1.12) 8.43 (1.11) 

Investigations on readmissions 
(estimated) mean (SD) 0.33 (0.20) 0.35 (0.24) 0.34 (0.22) 

Consultations with health care providers 
Local clinic visits mean (SD) 1.58 (0.93) 1.57 (0.93) 1.57 (0.93) 

Unadjusted total costs mean (SD) 72.09 (36.08) 66.46 (48.63) 69.26 (42.93) 
n patients (%) 778 (100.0%) 787 (100.0%) 1565 (100.0%) 

Unadjusted Outcomes    
Mortality 

Deaths n patients (%) 35 (4.5%) 47 (6.0%) 82 (5.2%) 
Life years (LY) 

LY at 28 days mean (SD) 0.076 (0.005) 0.076 (0.007) 0.076 (0.006) 
LY at 180 days mean (SD) 0.487 (0.066) 0.482 (0.080) 0.485 (0.073) 

* Using lower blood pack unit cost US$20.9 for Malawi and Uganda as the base-case;  
** Using US$1.07 per hemoglobin test 
Note: based on available cases, i.e. missing responses were assumed to be zero when there was at least 
one non-missing resource use response. 
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Table S10 Unadjusted costs during trial period – scenario analyses 
 
Unadjusted cost –  
sensitivity analysis ($US) 

Immediate 
(n=778) Control (n=787) Total (n=1565) 

SCENARIO A1: Blood transfusion costs, higher unit cost 
Higher unit cost – transfused * mean (SD) 46.90 (18.10) 49.51 (25.76) 47.76 (20.98) 
Higher unit cost – all mean (SD) 46.90 (18.10) 24.28 (30.63) 35.52 (27.61) 

Total costs  mean (SD) 96.80 (37.53) 78.96 (57.64) 87.83 (50.12) 
SCENARIO A2a: Blood transfusion costs (cost of transfused mls – no wastage) 

Lower unit cost – transfused * mean (SD) 14.59 (10.62) 13.45 (11.33) 14.21 (10.87) 
Lower unit cost – all mean (SD) 14.59 (10.62) 6.60 (10.40) 10.7 (11.24) 

Total costs  mean (SD) 64.50 (36.70) 61.28 (46.22) 62.88 (41.78) 
SCENARIO A2b: Blood transfusion costs (cost of transfused mls – no wastage) 

Higher unit cost – transfused * mean (SD) 30.87 (22.46) 27.60 (22.77) 29.78 (22.61) 
Higher unit cost – all mean (SD) 30.87 (22.46) 13.54 (21.08) 22.15 (23.43) 

Total costs  mean (SD) 80.77 (41.80) 68.22 (51.13) 74.46 (47.13) 
SCENARIO A3a: Blood transfusion costs Pedi size pack 

Lower unit cost – transfused * mean (SD) 8.43 (4.34) 8.51 (4.75) 8.46 (4.47) 
Lower unit cost – all mean (SD) 8.43 (4.34) 4.17 (5.40) 6.29 (5.34) 

Total costs  mean (SD) 58.33 (34.55) 58.85 (44.58) 58.60 (39.90) 
SCENARIO A3b: Blood transfusion costs Pedi size pack 

Higher unit cost – transfused * mean (SD) 18.51 (12.73) 17.96 (11.77) 18.33 (12.41) 
Higher unit cost – all mean (SD) 18.51 (12.73) 8.81 (12.19) 13.63 (13.37) 

Total costs  mean (SD) 68.41 (35.81) 63.49 (46.61) 65.94 (41.65) 
SCENARIO A4a: Blood transfusion costs Pedi size pack, 50% increase cost for spun/concentrate  

Lower unit cost – transfused * mean (SD) 10.39 (5.83) 10.35 (6.47) 10.38 (6.05) 
Lower unit cost – all mean (SD) 10.39 (5.83) 5.07 (6.88) 7.72 (6.91) 

Total costs  mean (SD) 60.30 (34.90) 59.75 (44.97) 60.02 (40.27) 
SCENARIO A4b: Blood transfusion costs Pedi size pack, 50% increase cost for spun/concentrate 

Higher unit cost – transfused * mean (SD) 22.54 (14.91) 21.67 (14.61) 22.25 (14.81) 
Higher unit cost – all mean (SD) 22.54 (14.91) 10.63 (14.90) 16.55 (16.05) 

Total costs  mean (SD) 72.45 (36.83) 65.31 (47.73) 68.86 (42.80) 
SCENARIO A5a: Blood transfusion costs Adult size blood packs (450ml) 

Lower unit cost – transfused * mean (SD) 24.99 (14.39) 24.94 (13.73) 24.97 (14.17) 
Lower unit cost – all mean (SD) 24.99 (14.39) 12.23 (15.75) 18.57 (16.38) 

Total costs  mean (SD) 74.89 (38.33) 66.91 (49.12) 70.88 (44.25) 
SCENARIO A5b: Blood transfusion costs Adult size blood packs (450ml) 

Higher unit cost – transfused * mean (SD) 52.80 (30.51) 51.35 (28.12) 52.32 (29.73) 
Higher unit cost – all mean (SD) 52.80 (30.51) 25.19 (32.36) 38.91 (34.34) 

Total costs  mean (SD) 102.71 (46.71) 79.87 (58.93) 91.22 (54.41) 
SCENARIO A6a: Blood transfusion costs Pedi pack size blood packs (150ml) 

Lower unit cost – transfused * mean (SD) 18.33 (11.96) 17.37 (13.05) 18.01 (12.34) 
Lower unit cost – all mean (SD) 18.33 (11.96) 8.52 (12.61) 13.40 (13.23) 

Total costs  mean (SD) 68.24 (37.23) 63.20 (47.06) 65.70 (42.52) 
SCENARIO A6b: Blood transfusion costs Pedi pack size blood packs (150ml) 

Higher unit cost – transfused * mean (SD) 38.90 (25.67) 35.74 (26.46) 37.85 (25.97) 
Higher unit cost – all mean (SD) 38.90 (25.67) 17.53 (25.74) 28.15 (27.83) 

Total costs  mean (SD) 88.81 (43.56) 72.21 (53.66) 80.46 (49.59) 
SCENARIO B1: Hb testing – higher unit cost 

Hb higher unit cost mean (SD) 31.62 (4.13) 31.42 (4.19) 31.52 (4.16) 
Total costs  mean (SD) 119.96 (39.73) 101.98 (57.80) 110.92 (50.44) 

SCENARIO B2: Hb testing - Only Hb tests within 48h 
Only Hb tests within 48h – lower 
unit cost mean (SD) 4.22 (0.28) 4.27 (0.27) 4.25 (0.28) 
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Unadjusted cost –  
sensitivity analysis ($US) 

Immediate 
(n=778) Control (n=787) Total (n=1565) 

Total costs  mean (SD) 67.86 (35.95) 62.31 (48.63) 65.07 (42.87) 
SCENARIO B3: Hb testing - No Hb tests within 48h for Immediate group and 2 Hb tests for control group 

Reduced Hb testing mean (SD) 4.24 (1.23) 7.35 (1.11) 5.80 (1.95) 
Total costs  mean (SD) 67.87 (36.07) 67.52 (48.63) 67.69 (42.84) 

*Transfused children: Immediate n=778, Control n=386 (49.0%) 
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Table S11 Cost-effectiveness  
 
Cost-effectiveness outcomes – mean [SE] Immediate Control 

Predicted total costs ($US) * 71.40 [1.47] 67.93 [1.40] 
Predicted total LYs  * 0.488 [0.003] 0.483 [0.003] 
Incremental predicted total costs ($US) -3.46 [2.02] 
Incremental predicted total LYs -0.005 [0.004] 

ICER ($US/LY gained) 

657.4 ** 
SW quadrant of the cost-effectiveness plane: Control strategy 
is less costly than Immediate strategy, but also less effective 

(note: costs were found to be statistically significantly different 
between the two strategies (p=0.001), but not outcomes)  

* Using full model results from column (3) in Tables S15, S16. ** ICER interpretation should instead be of immediate vs 
control rather than control vs immediate 

 

 

Table S12 Predictors of receiving a transfusion in children randomized to control transfusion (n=776) 
 
Factor (at randomization) HR from multivariable model 
Hemoglobin (per 1g/dl higher)  0.34 (0.28-0.41); p<0.001 
Age (per year older) 1.13 (1.07-1.18); p<0.001 
Heart rate (per 10 beats/min higher)  1.14 (1.07-1.22); p<0.001 
Centre (compared to Mbale, Uganda)   
  Blantyre, Malawi 0.34 (0.20-0.58); p<0.001 
  Mulago, Uganda 0.56 (0.41-0.75); p<0.001 
  Soroti, Uganda 0.85 (0.66-1.10); p=0.21 
Note: after adjusting for these factors there was no evidence of an additional effect of undiagnosed sickle cell, 
HR(SS:AA) = 0.96 (95% CI 0.74-1.25); global p=0.21 (AA vs AS vs SS).  
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Table S13 Causes of death as adjudicated by the Endpoint Review Committee 
 
 ERC Adjudication  Immediate 

(N=35) 
Control 
(N=47) 

Total 
(N=82) 

Unknown 20 24 44 
Hematological 8 8 16 
Anemia with clinical symptoms 8 5 13 
Pancytopenia/bone marrow depression 0 3 3 
Specific Infections 3 7 10 
P falciparum malaria 0 2 2 
Meningitis diagnosed by lumbar puncture– no organism (no culture)  1 1 2 
Presumed septicemia/bacteremia - not investigated 1 4 5 
Tuberculosis - disseminated/miliary 1 0 1 
Lower respiratory tract 0 1 1 
Pneumonia no organism identified/aspiration pneumonia 0 1 1 
Tumours 2 3 5 
Leukemia 2 2 4 
Other solid tumour 0 1 1 
Gastrointestinal 2 1 3 
Hematemesis 1 0 1 
Acute diarrhea not investigated  1 1 2 
Other 0 3 3 
Trauma 0 2 1 
TRALI (transfusion related acute lung injury) 0 1 1 
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Table S14 28-day mortality according to temperature at screening and randomized transfusion strategy 
 

 Immediate Control HR (Immediate vs 
control) 

Screening Immediate 
(30 mls/kg) 

Immediate 
(20 mls/kg) 

Immediate 
(total) 

No fever 0/268 
(0%) 

6/258 
(2.3%) 

6/526 (1.1%) 6/518 (1.2%) 0.98 (0.32, 3.05) 

Fever 
(>37.5°C) 

1/120 
(0.8%) 

0/132 
(0%) 

1/252 (0.4%) 7/269 (2.6%) 0.15 (0.02, 1.23) 

Note: heterogeneity p=0.09 for overall effect modification of immediate vs control effect by fever at screening. 
Confidence intervals have not been adjusted for multiple testing and inferences drawn from the intervals may 
not be reproducible. 
 
 
Table S15 Nutritional outcomes at 90 and 180 days 
 
 Immediate 

(N=778) 
Control  
(N=787) 

Mean difference 
between groups 

(95% CI)* 
Change in weight (kg) at 90 days    
Difference from baseline (95% CI) 1.19 (1.10,1.27); 

N=712 
1.13 (1.04,1.22); 

N=694 
0.07 (-0.05,0.18)  

Change in MUAC (cm) at 90 days    
Difference from baseline (95% CI) 0.52 (0.44,0.59); 

N=712 
0.40 (0.33,0.47); 

N=697 
0.08 (-0.01,0.17)  

Change in weight (kg) at 180 days    
Difference from baseline (95% CI) 1.78 (1.70,1.87); 

N=676 
1.78 (1.68,1.88); 

N=676 
0.01 (-0.12,0.14)  

Change in MUAC (cm) at 180 days    
Difference from baseline (95% CI) 0.72 (0.64,0.80); 

N=683 
0.61 (0.53,0.69); 

N=680 
0.06 (-0.04,0.16)  

* estimated differences and confidence intervals obtained from a linear regression adjusted for baseline 
values. 
Note: confidence intervals have not been adjusted for multiple testing and inferences drawn from the intervals 
may not be reproducible. 
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Table S16 Modelling total costs over 180 days 

Model specification Unadjusted 
(1) 

Treatment 
adjusted (2) 

Full adjust. 
(3) 

Full adjust + 
interactions (4) 

Stepwise 
(AIC) on (4) 

Type of regression model Gamma, identity link 
Equation Total costs 

Covariates (baseline) coefficient 
[SE] 

coefficient 
[SE] 

coefficient 
[SE] 

coefficient [SE] coefficient 
[SE] 

Randomized treatment (1=Control; 
0=Immediate) 

--- -5.6 [2.2]* -5.4 [2.0]** -24.4 [12.0]* -15.7 [4.8]** 

Country (0=Malawi, 1=Uganda) --- --- 27.8 [2.7]*** 22.5 [4.7]*** 20.6 [4.2]*** 
Age, 2-5 years (ref.cat.: 2 months -2 
years) --- --- 5.6 [2.3]* 6.0 [3.4]. 5.1 [2.2]* 

Age, 5-12 years (ref.cat.: 2 months -2 
years) 

--- --- 3.5 [2.8] 5.4 [4.3] 2.8 [2.8] 

Sex (0=male;1=female) --- --- 2.5 [2.0] 4.2 [2.9] --- 
Hb (centered) --- --- -8.8 [1.7]*** -4.7 [2.4]* -4.4 [2.4]. 
Fever (0= ≤37.5, 1= >37.5) --- --- 4.9 [2.2]* 0.6 [3.2] 0.2 [3.1] 
Fever history (0=No, 1=Yes) --- --- 6.6 [4.4] 4.9 [7.2] 7.6 [4.2]. 
Hypothermia (0=≥36.0, 1=<36.0) --- --- -0.8 [4.7] -5.4 [7.8] --- 
HIV (0=Negative; 1=Positive --- --- 9.6 [6.8] 4.8 [10.0] 10.7 [6.8] 
Malaria (0=Negative, 1=Positive) --- --- -2.8 [2.1] -4.6 [3.2] -3.1 [2.0] 
Shock subgroup (0=No, 1=Yes) --- --- 2.9 [2.8] 4.5 [4.5] --- 
Malnutrition, Undern. (ref.cat.: well 
nourished) --- --- 6.8 [4.6] -3.6 [5.4] -4.7 [5.3] 

Malnutrition, Severe (ref.cat.: well 
nourished) --- --- 3.5 [7.0] 2.0 [8.5] 1.1 [8.4] 

Dehydration (0=No, 1=Yes) --- --- 12.2 [5.9]* 12.1 [7.6] 9.9 [5.8]. 
Blood transfusion ever (inc. in this 
illness) (0=No, 1=Yes) --- --- 10.8 [2.8]*** 11.8 [3.9]** 11.8 [2.7]*** 

Treat * Country_U --- --- --- 7.8 [5.6] 9.0 [5.0]. 
Treat * Age, 2-5 years --- --- --- -1.7 [4.5] --- 
Treat * Age, 5-12 years --- --- --- -4.8 [5.6] --- 
Treat * Sex_f --- --- --- -3.2 [3.9] --- 
Treat * Hb (centered) --- --- --- -7.8 [3.3]* -7.9 [3.3]* 
Treat * Fever >37.5 --- --- --- 7.2 [4.3]. 7.8 [4.2]. 
Treat * Fever history_Y --- --- --- 5.4 [8.8] --- 
Treat * Hypothermia_<36.0 --- --- --- 7.4 [9.4] --- 
Treat * HIV_Pos --- --- --- 9.5 [13.5] --- 
Treat * Malaria_Pos --- --- --- 2.9 [4.2] --- 
Treat * Shock subgroup_Y --- --- --- -3.1 [5.7] --- 
Treat * Malnutrition, Undern. --- --- --- 23.1 [9.6] 23.8 [9.3]* 
Treat * Malnutrition, Severe --- --- --- -2.7 [14.8] 3.3 [13.8] 
Treat * Dehydration_Y --- --- --- -5.4 [11.6] --- 
Treat * Blood transfusion ever_Y (inc. in 
this illness) 

--- --- --- -2.3 [5.4] --- 

Intercept 69.3 [1.1]*** 72.1 [1.6]*** 33.4 [6.2]*** 44.9 [9.9]*** 42.0 [5.4]*** 
Observations 1565 1565 1458 1458 1458 

Statistical significance: ***, α<0.001; **, α<0.01; *, α<0.05; ., α<0.1.AIC- Akaike information Criteria 
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Table S17 Modelling total life-year over 180 days 
 

Model specification Unadjusted (1) Treatment 
adjusted (2) Full adjust. (3) Stepwise (AIC) 

on (3) 
Type of regression model Gaussian, identity link, robust standard errors 
Equation Total Life Years 
Covariates (baseline) coefficient [SE] coefficient [SE] coefficient [SE] coefficient [SE] 
Randomized treatment (1=Control; 
0=Immediate) --- -0.005 [0.004] -0.005 [0.004] --- 

Country (0=Malawi, 1=Uganda) --- --- -0.010 [0.007] --- 
Age, 2-5 years (ref.cat.: 2 months -2 
years) --- --- -0.010 [0.004]* --- 

Age, 5-12 years (ref.cat.: 2 months -2 
years) 

--- --- -0.006 [0.005] --- 

Sex (0=male;1=female) --- --- -0.002 [0.004] --- 
Hb (centered) --- --- 0.002 [0.003] --- 
Fever (0= ≤37.5, 1= >37.5) --- --- -0.006 [0.004] -0.006 [0.004] 
Fever history (0=No, 1=Yes) --- --- -0.004 [0.012] --- 
Hypothermia (0=≥36.0, 1=<36.0) --- --- 0.003 [0.010] --- 
HIV (0=Negative; 1=Positive --- --- -0.034 [0.021]* -0.034 [0.013]* 
Malaria (0=Negative, 1=Positive) --- --- 0.009 [0.004]* 0.008 [0.004]* 
Shock subgroup (0=No, 1=Yes) --- --- -0.004 [0.006] --- 
Malnutrition, Undern. (ref.cat.: well 
nourished) 

--- --- -0.019 [0.012]* -0.016 [0.008]. 

Malnutrition, Severe (ref.cat.: well 
nourished) --- --- -0.023 [0.019]. -0.021 [0.013]. 

Dehydration (0=No, 1=Yes) --- --- -0.013 [0.012] --- 
Blood transfusion ever (inc. in this illness) 
(0=No, 1=Yes) --- --- -0.012 [0.006]* -0.014 [0.005]** 

Intercept 0.485 [0.002]*** 0.487 [0.003]*** 0.505 [0.015]*** 0.487 [0.004]*** 
Observations 1565 1565 1458 1458 

Statistical significance: ***, α<0.001; **, α<0.01; *, α<0.05; ., α<0.1. AIC- Akaike information Criteria 
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