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Abstract

Background—The World Health Organization recommends not transfusing African children 

hospitalized with uncomplicated severe anemia (hemoglobin 4-6g/dl). However, high mortality 

and readmission rates suggest less restrictive transfusion strategies might improve outcomes.

Methods—The TRACT factorial open-label trial randomized Ugandan and Malawian children 2 

months to 12 years with hemoglobin 4-6g/dl and no severity signs to immediate transfusion with 

20 or 30ml/kg whole-blood equivalent (volume depending on second randomization) or no 

immediate transfusion (control, transfusion with 20ml/kg triggered subsequently by new severity 

signs or hemoglobin<4g/dl). Three other randomizations investigated transfusion blood volume, 

post-discharge micronutrients and-or cotrimoxazole. The primary endpoint was 28 day mortality.

Results—Fifteen-hundred-sixty-five children (median 26 months; 977(62%) with malaria) were 

randomized to immediate transfusion (n=778) or control (n=787) and followed for 180 days 

(71(5%) lost-to-follow-up). Seven-hundred-seventy-eight (100%) transfusion vs. 386(49%) control 

children were transfused during admission (median 1.3 vs. 24.9 hours from randomization). Mean 

(standard deviation) whole-blood equivalent received was 314(228) vs. 142(224) milliliters, 

respectively. Seven(1%) transfused vs. 13(2%) control children died before 28 days (hazard 

ratio[HR]=0.54 (95% CI 0.22-1.36) p=0.19), and 35(4%) vs. 47(6%), respectively, died before 180 

days (HR=0.75 (0.48-1.15)), without evidence of interaction with other randomizations (p>0.2) 
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nor evidence of between-group differences in readmissions or serious adverse events, nor 

hemoglobin recovery at 180 days. Length-of-stay was mean 0.9 days longer in the controls.

Conclusions—There was no evidence of between-group differences in clinical outcomes over 6 

months. Triggered transfusion (control group) reduced blood transfusion requirements but 

increased length-of-stay and required clinical and repeated hemoglobin monitoring.

(Funded by the Medical Research Council and Department for International Development 

(through a concordat with MRC) Grant Number MR/JO 12483, United Kingdom; TRACT Current 

Controlled Trials number, ISRCTN84086586)

Severe anemia (hemoglobin <6g/dl) is a leading cause of hospital admission in children in 

subSaharan Africa.1,2 Outcomes remain unsatisfactory, with high rates of reported in-

hospital (9-10%)2,3 and 6-month (12%)4 mortality, and readmission.4 Given the major 

burden of pediatric anemia on health services, coupled with scarce resources of donated 

blood (<5 units donated/1000 population/year, despite substantial external funding),5 World 

Health Organization (WHO) guidelines encourage restrictive transfusion approaches, 

specifically not transfusing stable children with hemoglobin 4-6g/dl.6 The underpinning 

evidence base is weak;7 further, adherence is poor,8,9 additionally hampered by inconsistent 

hemoglobin threshold recommendations for transfusion for malaria. No guidance is provided 

on clinical and hemoglobin monitoring strategies post-admission to identify those children 

subsequently developing new severity criteria warranting transfusion.6

The TRansfusion and TReatment of severe Anemia in African Children Trial (TRACT; 

ISRCTN84086586) compared four interventions. Here, we report the comparison of 

immediate transfusion versus no immediate transfusion (control, usual-care, with transfusion 

subsequently triggered by new severity signs or fall in hemoglobin to <4g/dl) in children 

with uncomplicated severe anemia (4-6g/dl).10

Methods

We performed an open-label, multicenter, factorial randomized trial in three hospitals in 

Uganda and one in Malawi. One stratum enrolled children aged 2 months to 12 years 

hospitalized with uncomplicated severe anemia (hemoglobin 4-6g/dl without evidence of 

reduced conscious level, respiratory distress, acute hemoglobinuria,11 or disclosed sickle cell 

disease). Children with known chronic disease (kidney or liver failure, malignancies, 

congenital heart disease) or admitted for burns, trauma or surgery were excluded, as were 

children with previous transfusions during the same admission and exclusively breast-fed 

children (see Supplementary Appendix for complete Methods).

For the portion of the study reported here, children were randomly assigned 1:1 to 

immediate transfusion or control (no immediate transfusion). However, as we also evaluated 

volume of transfused blood (see accompanying manuscript(reference)), children in the 

immediate transfusion group were further randomized 1:1 to transfusion with 30ml/kg 

whole-blood (15ml/kg packed/settled cells12) or 20ml/kg whole-blood (10ml/kg packed/

settled cells12).
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Children were simultaneously factorially randomized to 3 months post-discharge adjunctive 

micronutrient supplementation or iron-folate alone (usual care), and to 3 months post-

discharge cotrimoxazole prophylaxis or not (not reported herein).

The present report uses the following pre-specified primary comparison for this 

randomization ---immediate transfusion (pooling 20ml/kg and 30ml/kg groups) vs. control. 

Note children with severity signs and/or hemoglobin <4g/dl (complicated severe anemia) at 

screening were also randomized to 30ml/kg or 20ml/kg (transfusions volume randomization 

reported separately).13

Ethics committees of Imperial College London, UK, Makerere University, Uganda, and the 

College of Medicine, Blantyre, Malawi approved the protocol, which is posted at NEJM.org

Screening and Randomization

In children with severe anemia signs or symptoms (e.g., severe pallor14), hemoglobin was 

measured (Hemocue®),15 and clinical assessment, performed. When prior written consent 

from parents or legal guardians could not be obtained, ethics committees approved verbal 

assent with delayed written informed consent as soon as practical.16 Otherwise, informed 

written consent was obtained from parents or guardians before randomization, stratified by 

trial center alone (since no children in this randomization had severity features). The 

statistician in London generated and kept the sequential randomization list, computer-

generated using variably-sized permuted blocks. Randomization used consecutively 

numbered packets containing randomized links to opaque sealed envelopes, ensuring 

allocation concealment (see Supplementary Appendix, Methods).

Study Procedures

Children were managed on general pediatric wards; ventilatory facilities were unavailable. 

Basic infrastructural support for emergency care, patient monitors, bedside hemoglobin, 

glucose and lactate point-of care tests were provided. Local blood transfusion services 

provided blood free of charge, pre-screened for transfusion-transmissible infections and 

prepared using standard procedures, but without leucocyte reduction. Second transfusions, if 

indicated in immediate-transfusion participants, followed the originally-assigned 

randomized volume. Additional transfusions in children continuing to fulfil or develop de 

novo (in the control group) severity criteria (hemoglobin <4g/dl or severity signs above) 

were 20ml/kg whole-blood equivalent, irrespective of randomization. Furosemide or other 

diuretics were not prescribed. Other treatments, including anti-malarials and antibiotics, 

followed national guidelines.

Bedside observations were performed at admission and every 30 minutes for the first 2 

hours, then 4, 8, 16, 24, and 48h after the start of the first transfusion (immediate group) or 

randomization (control group). Hemoglobin was assessed 8-hourly in the first 24 hours, then 

at 48 hours, or if triggered by clinical deterioration, using Hemocue®. Patients were actively 

monitored for serious adverse events (SAEs), particularly suspected cardiac or pulmonary 

overload or transfusion-related events following modified guidelines recommended by the 

United Kingdom’s Serious Hazards of Transfusion initiative.18 Post-discharge, children 

were clinically assessed and hemoglobin measured at 28, 90 and 180 days post-
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randomization. Children exited the trial at 180 days. Clinicians were unblinded; laboratory 

tests were assayed blinded.

End Points

The primary outcome was mortality through 28 days from randomization. Secondary 

outcomes were mortality at 48 hours, 90 days and 180 days; development of new profound 

anemia (<4g/dl) during acute admission or development of severe anemia (<6g/dl) post 

discharge; hospital readmission; proportion achieving correction of anemia (>9g/dl19 

following WHO guidelines6); suspected transfusion reactions (febrile reactions, TRALI 

(Transfusion-Related-Acute-Lung-Injury)); SAEs; costs and cost-effectiveness. Adverse 

events were graded using Common Toxicity Criteria for Adverse Events v4.0.20 An 

independent Endpoint Review Committee reviewed cause of deaths, suspected transfusion 

reactions, suspected respiratory and neurological events, and allergic reactions, blinded to 

randomized group.

Statistical Analysis

We determined that enrollment of 1553 children would provide 80% power to detect a 50% 

relative reduction in 28-day mortality from 9%2,3 control to 4.5% immediate transfusion 

assuming 6% lost-to-follow-up by 6 months (allowing for different primary endpoint timing 

in other randomizations) and two-sided alpha=0.013 (four comparisons across 

randomizations, as detailed in the Supplementary Appendix, Methods). An independent 

Data Monitoring Committee reviewed interim data (three annual meetings) using Haybittle-

Peto criterion (p<0.001). Randomized groups were compared following intention-to-treat 

using log-rank tests or competing-risks methods for time-to-event outcomes, exact tests for 

binary outcomes and generalized estimating equations with independent working correlation 

for global tests of repeated measures. Primary analyses were stratified by randomization 

stratification factors. Economic analysis estimated costs (in 2018 US dollars) and health 

outcomes (in life-years gained) over 180 days using health resource use and unit costs for 

each country. Analyses used Stata v15.1 and R v3.5.1. Confidence intervals are not adjusted 

for multiple testing. See Supplementary Methods for details. All authors vouch for the data 

and analysis; all authors participated in writing the manuscript.

Results

Between September 2014 and May 2017, 1565 children were randomized-- 778 to 

immediate transfusion (388 to 30ml/kg, 390 to 20ml/kg) an 787 to control-- and are included 

in all analyses (Fig. 1). Baseline characteristics were balanced between randomized groups 

(Table 1, Supplementary Appendix, Table S1). Nine-hundred-eighty-four (63%) had 

Plasmodium falciparum malaria, but HIV infection, culture-proven bacteremia and severe 

malnutrition were uncommon (<4%). Although known sickle cell disease patients were 

ineligible, 7 were identified post-randomization. Batch genotyping at trial completion 

increased confirmed sickle cell disease participants to 340/1549 (22%).
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Adherence

778(100%) immediate transfusion vs. 386(49%) control children received a transfusion 

during admission, a median (IQR) 1.3 (0.9,1.7) vs. 24.9 (9.2,49.8) hours from 

randomization, respectively (Supplementary Appendix, Fig. S1, Table S2). The major trigger 

for transfusion in controls was hemoglobin <4g/dl (295/386,76%); 57(15%) had new clinical 

severity signs and 7(2%), new sickle cell diagnoses. Three(1%) and 24(6%) of these 

transfusions occurred before or after 48 hours, respectively, with last hemoglobin 4-6g/dl 

and no new severity signs recorded. Only 5(1%) control children meeting transfusion criteria 

did not receive one.

Seven-hundred-sixty-six(99%) immediate transfusion vs. 379(98%) controls received first 

transfusions within ±3ml/kg of their randomized whole-blood equivalent volume. First 

transfusion was whole blood in 395(51%) immediate transfusion vs. 218(56%) control; 

median(IQR) storage age of blood was 12(6-19) vs. 11(6-18) days, respectively); 748(96%) 

immediate vs. 346(90%) control children received a single transfusion; maximum 4 vs. 2 

transfusions in first 48 hours, respectively (Supplementary Appendix, Table S2). During the 

primary admission, the mean (standard deviation) total milliliters whole-blood equivalent 

transfused was 314(228) immediate transfusion vs. 142(224) control.

Mortality

At day 28 (primary endpoint) and day 180 (end of follow-up), 1556(99%) and 1494(95%) 

children, respectively, had known vital status. By day 28, 7(1%) immediate transfusion 

(1(0.3%) 30ml/kg, 6(1%) 20ml/kg) and 13(2%) control children had died (hazard ratio(HR) 

(immediate cf. control)=0.54 (95% CI 0.22-1.36); p=0.19; Table 2; Figure 2a, and 

Supplementary Appendix, Fig.S2). Ten of 13 deaths in the control group had received a 

transfusion (Supplementary Appendix, Table S3; a median 9.0h (IQR 6.8-30.6h) post-

randomization). By day 180, 35(4%) in the immediate vs. 47(6%) in the control group had 

died (HR=0.75 (0.48-1.15)). (See Supplementary Appendix, Results for cause of death and 

subgroup analyses.)

Hemoglobin Recovery

As expected, hemoglobin increases over the first 48h were substantially greater with 

immediate transfusion (Figs. 2b and c). At 48 hours, mean hemoglobin was +2.42g/dl (95% 

CI 2.17,2.67) higher with immediate transfusion; absolute mean(SD) was 8.4(1.7) in the 

immediate group vs. 7.0(1.7) in controls transfused before 48 hours (n=249) and 5.5(1.1) in 

controls not transfused before 48 hours (n=535). Controls transfused after 12 hours had 

similar post-transfusion hemoglobin increases to controls transfused within 12 hours 

(Supplementary Appendix, Fig. S3). During admission, hemoglobin recovery to >9g/dl 

occurred faster, and new profound anemia (<4g/dl) less frequently, with immediate 

transfusion (Table 2, Supplementary Appendix, Figs. S4aS4c). Differences in hemoglobin 

had attenuated substantially at 28 days (+0.60g/dl (95% CI +0.35,+0.86), higher with 

immediate transfusion) and 90 days (+0.48g/dl (+0.22,+0.73)). At day 180 there was no 

evidence of differences in mean hemoglobin (+0.23g/dl (-0.03,+0.49)) or proportions ≤9g/dl 

or <6g/dl (Figs. 2b and c).
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Other Clinical Outcomes

Median hospital-stay (IQR) was 3 (3,4) vs 4 (3,6) days in immediate transfusion vs. control 

(HR=1.62 (95% CI 1.46-1.80), Supplementary Appendix, Fig. S5) with mean 4.0 vs. 4.9 

hospitalization-days in the primary admission respectively. By day-180, 123(16%) 

immediate transfusion vs. 113(14%) control children had been readmitted to hospital 

(HR=1.09 (95% CI 0.84-1.40), Table 2, Supplementary Appendix, Fig. S6), mostly for 

anemia, malaria or sepsis. 152(20%) immediate transfusion vs. 151(19%) control children 

experienced SAEs (p=0.85, Table 2, Supplementary Appendix, Table S4). Transfusion-

specific SAEs included non-life-threatening allergic events in 6 immediate transfusion vs. 2 

control children (Supplementary Appendix, Table S5).

Costs and Cost-effectiveness

The main cost drivers were hospital length-of-stay (mean $29.70 immediate transfusion vs. 

$34.30 control), blood transfusions (mean $22.20 vs. $11.78 (half of the control group 

received a transfusion), respectively), and hemoglobin tests (mean $8.46 vs. $8.41, 

respectively), resulting in total unadjusted costs per child of $72.09 in the immediate 

transfusion vs. $66.46 in the control group, $5.63 less in controls (Supplementary Appendix, 

Tables S6-8). Sensitivity analyses suggested total unadjusted savings might increase to $22.8 

using standard blood units (450mls) and/or increased prices. Total unadjusted costs were 

similar if zero and 2 post-randomization hemoglobin tests were done within 48 hours for 

immediate transfusion and control groups, respectively (Supplementary Appendix, Table 

S9). Life-years over 180 days were similar in immediate transfusion (0.487) and control 

groups (0.482). Overall, the control strategy (including triggered transfusion) was less costly 

than immediate transfusion, albeit estimated to be less effective (Supplementary Appendix, 

Table S10).

Predictors of Control Group Transfusion

Time to transfusion was considered in 776 control children, excluding 11 identified post-

randomization as having severity criteria at admission (7 sickle cell disease (all transfused), 

4 preexisting hemoglobinuria (three transfused)). Three-hundred-forty-eight (45%) received 

a transfusion by 96 hours. Admission hemoglobin was the strongest predictor 

(Supplementary Appendix, Table S11); 79% of children with hemoglobin ≤4.5g/dl were 

transfused vs. 35% with hemoglobin >4.5g/dl (Fig. 3). Immediately transfusing all children 

with hemoglobin ≤4.5g/dl (23% of controls) would have captured 142(41%) triggered 

transfusions. There was no evidence that undiagnosed sickle cell disease affected 

transfusion. Predictors of transfusion for <4g/dl were similar (data not shown).

Discussion

While mortality rates were too low either to demonstrate or refute any benefits, our large 

multicenter trial demonstrated that in children with uncomplicated severe anemia, immediate 

transfusion resulted in fewer children who developed profound anemia (hemoglobin<4g/dl), 

an absolute indication for transfusion, and superior early hemoglobin recovery (to >9g/dl), 

compared to controls. However, those findings did not translate into fewer readmissions 

(15% of children) or fewer anemia-related SAEs (9%).
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A key limitation of the present study was the lower overall mortality (2%) than the 9% 

predicted from other studies of uncomplicated severe anemia in African children, which had 

consistently higher mortality.3,21,22 One reason may be that screening was halted when no 

donor blood units were available; thus, no children in the study died awaiting transfusion, in 

contrast to previous reports.8,21,22 Trial hemovigilance may have also improved outcomes, 

as very few adverse transfusion reactions were documented. Clinical and hemoglobin 

monitoring (8-hourly through 24 hours) identified new severity criteria warranting 

transfusion in the control group, leading to 49% receiving a potentially life-saving 

transfusion (94% per-protocol), albeit substantially later than had they been in the immediate 

transfusion group. WHO guidelines were largely based on observational studies7,21,22 and 

recommend not transfusing patients with uncomplicated severe anemia (4-6g/dl). 

Guidelines, however, do not address monitoring during admission or anticipate post-

admission development of complicated severe anemia. The trial did not withhold transfusion 

in controls in that situation, as this would be unethical and inconsistent with good clinical 

practice; however, this approach may also have led to lower mortality than originally 

hypothesized. The TRACT control group therefore reflected a pragmatic strategy of 

conserving blood for high-risk children identified post-admission. The low control mortality 

suggests that monitoring and surveillance may be important in reducing poor outcomes 

compared to not transfusing at all. However, the trial retained good power for readmissions. 

Strategies to prevent readmissions should therefore be a key focus of future interventional 

trials to reduce morbidity in this high-risk group.

Worldwide consensus transfusion guidelines for stable children within intensive care units 

recommend transfusion at hemoglobin <7g/dl23 but explicitly highlight the need for further 

trials, particularly with 5-7g/dl.7 Children in high-income countries likely have steady-state 

hemoglobin 11-14g/dl, whereas African children in areas where malaria and α+thalassemia 

are common,24 typically have hemoglobin levels of 9-11g/dl.4,25 The impact of lower 

immediate transfusion thresholds in Africa may therefore reflect differences in steady-state. 

We cannot exclude a small absolute mortality benefit in children receiving immediate 

transfusion in our trial; however, 7/13 deaths in the control group were transfused within 10 

hours of randomization, and we found no differences in morbidity. Given the burden of 

pediatric severe anemia in sub-Saharan Africa, immediate transfusion in uncomplicated 

severe anemia risks overburdening the blood transfusion services compared with close 

monitoring and targeted transfusion.

Nevertheless, hospital length-of-stay was longer in control children, with potential 

implications for out-of-pocket costs for parents. Hemoglobin monitoring also uses resources 

(financial and staff), although at a lower rate (estimated costs ~$20 per blood unit vs. ~$1 

per hemoglobin test). Thus, overall, a control (triggered) transfusion strategy costs less than 

immediate transfusion but also is slightly less effective, making triggered transfusion with 

monitoring the cost-effective option. Limitations include the substantial uncertainty in blood 

unit costs, which vary by country, blood unit size and type (Supplementary Appendix, Table 

S6),26 and in hemoglobin monitoring costs. Our within-trial economic analysis does not 

capture longer-term risks and benefits, which could change the value-for-money estimates. 

Ideally, greater efforts should be put into achieving an adequate and reliable blood supply. 

However, health services should consider the option of providing hemoglobin measurements 
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for monitoring and continuing with the WHO’s restrictive transfusion strategy, to avert the 

more substantial costs to the blood transfusion services of providing immediate blood to all 

with hemoglobin 4-6g/dl.

Trial strengths include broad eligibility criteria, which enhanced generalizability, with a 

large subgroup with malaria, and high adherence to randomized strategy (94%) and follow-

up (>95%). The hidden sickle cell disease burden in 22% with uncomplicated severe anemia 

should prompt universal screening of admitted children with severe anemia27. Reassuringly, 

undiagnosed sickle cell disease did not predict transfusion in the control group, indicating 

that sickle cell disease without life-threatening complications can be managed without 

immediate transfusion. An important limitation is lack of hemoglobin measurements >48 

hours post-admission, specifically at discharge.

Overall, there was no evidence of differences in clinical outcomes between immediate 

transfusion and a control (triggered) transfusion strategy. The control strategy reduced blood 

requirements by 60% but increased length-of-stay by 20% and required clinical and 

hemoglobin monitoring. Although we cannot exclude the possibility of a small mortality 

benefit from immediate transfusion, mortality was very low with both strategies, and 

immediate transfusion failed to improve re-admissions over the following 6 months, which 

remained high in both groups.

Disclosure forms provided by the authors are available with the full text of this article at 

NEJM.org.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. CONSORT diagram
Screening, Randomization, and Follow-up. In the control group (no immediate transfusion), 

transfusion with 20 ml of whole-blood equivalent per kilogram of body weight was triggered 

by the development of new signs of clinical severity, which included impaired consciousness 

(prostration or unconsciousness), increased difficulty in breathing (respiratory distress), 

hemoglobinuria (grade 6 or higher) in the current illness, or a hemoglobin level of less than 

4 g per deciliter. The data regarding the children who were lost to follow-up are presented 

for days 0 through 28 and days 0 through 180 days (i.e., the data regarding children lost to 
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follow-up by 28 days are a subset of the data of those lost to follow-up by 180 days). 

Screening did not take place on the days when there was no available blood for transfusion.
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Figure 2. Key Outcomes, Admission through 180 Days.
The time window for the 180-day visit was 120 to 240 days after randomization (99.3% of 

the children were seen after 170 days). The inset in Panel A shows the same data on an 

enlarged y axis. Panel B shows the mean hemoglobin level during the first 48 hours and 

through 180 days. Panel C shows distribution of hemoglobin levels of less than 6 g per 

deciliter, 6 to 9 g per deciliter, and higher than 9 g per deciliter according to the indicated 

time point. Additional details are provided in Table S4A and S4B in the Supplementary 
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Appendix. Key outcomes (a) Mortality through 180 days (b) Mean hemoglobin over 180 

days (c) Proportions with hemoglobin <6g/dl, 6-9g/dl and >9g/dl over 180 days
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Figure 3. Proportion transfused in control group by baseline hemoglobin
Transfusion Status among the Children in the Control Group, Stratified According to 

Baseline Hemoglobin Level. The percentages above the bars represent the percentage of 

children who received a transfusion among those who had the indicated hemoglobin level at 

baseline.
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Table 1
Baseline Characteristics of Children Randomized to Immediate vs. Control Transfusion 
Strategy

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

Age (months) 27 (13, 50) 26 (12, 50) 26 (12,50)

Male 440 (57%) 442 (56%) 882 (56%)

Hemoglobin (g/dl) 5.2 (4.5, 5.7) 5.1 (4.6, 5.7) 5.1 (4.6,5.7)

Weight (kg) 10.3 (8.4, 14.0) 10.5 (8.1, 14.5) 10.4 (8.2,14.2)

Mid upper arm circumference (cm) 14.2 (13.3, 15.1) 14.2 (13.4, 15.5) 14.2 (13.4,15.2)

Heart rate (beats per minute) 144 (130, 157) 145 (131, 156) 144 (130,157)

History of fever in this illness 749 (96%) 757 (96%) 1506 (96%)

Axillary temperature* at screening 37.1 (36.7, 37.8) 37.1 (36.6, 37.8) 37.1 (36.7,37.8)

  Fever (>37.5°C) 252 (32%) 269 (34%) 521 (33%)

  Hypothermia (<36.0°C) 27 (3%) 25 (3%) 52 (3%)

Systolic blood pressure (mmHg) 91.5 (85, 98) 92 (85, 99) 92 (85,99)

Diastolic blood pressure (mmHg) 56 (49, 63) 55 (49, 63) 55.5 (49,63)

Oxygen saturation (%) 98 (97, 99) 98 (96, 99) 98 (97,99)

Respiratory rate (breaths per minute) 38 (32, 44) 38 (32, 46) 38 (32,46)

Shock† 100 (13%) 112 (14%) 212 (14%)

Severe dehydration (skin turgor or sunken eyes) 38 (5%) 29 (4%) 67 (4%)

HIV positive 15/736 (2%) 17/736 (2%) 32/1472 (2%)

Malaria slide or RDT positive 497 (64%) 487 (62%) 984 (63%)

Positive blood culture 29/702 (4%) 33/696 (5%) 62/1398 (4%)

C-reactive protein (mg/dl) 54.2 (19.1, 100.2) 55.8 (18.9, 107.4) 54.9 (19, 101.3)

Lactate (mmol/L) 2.4 (1.7, 3.2) 2.3 (1.7, 3.2) 2.3 (1.7, 3.2)

Previous blood transfusion in this illness 11 (1%) 7 (1%) 18 (1%)

Blood transfusion ever (prior to this illness) 194 (25%) 150 (19%) 344 (22%)

Sickle cell disease ascertained post-randomization 0 7 7 (<1%) **

Sickle cell disease ascertained by genotyping‡ 172/772 (22%) 168/777 (22%) 340/1549 (22%)

*
measured using a digital thermometer

†
Any one of capillary refill time >2 seconds, temperature gradient or weak pulse

**
Seven children were identified as having sickle cell disease during their primary admission. Four children were found through further questions 

to the carer to have sickle cell after consent and randomization within this uncomplicated anemia strata, and three were diagnosed following 
clinical symptoms during admission.

‡
From batch genotyping after the end of the trial (n=16 with missing results).

Note: showing numbers (%) or median and interquartile ranges (IQR). There was no evidence of change imbalance in baseline characteristics 
(p>0.05) except for oxygen saturation (median (IQR) 98 (97, 99) in immediate vs. 98 (96, 99) in control p=0.005) and blood transfusion ever (prior 
to this illness) (p=0.006)
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