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Abstract
Objective: The study evaluated the efficacy of phototherapy and 20% albumin infusion to reduce total serum bilirubin (TSB) in neonates with severe hyperbilirubinemia. The primary outcome was a reduction of TSB at the end of treatment. The secondary outcomes were the need for exchange transfusion, inpatient mortality, neurological outcomes
at discharge, and development outcomes at 12-months follow-up.
Results: One hundred and eighteen neonates were randomly assigned to phototherapy and 20% albumin (n = 59)
and phototherapy and saline (n = 69). The median age at admission was 5 (interquartile range (IQR) 3–6) days, and the
median gestation was 36 (IQR 36–38) weeks. No significant differences were found in the change in TSB (Mann–Whitney U =609, p = 0.98) and rate of change in TSB per hour after treatment (Mann–Whitney U = 540, p = 0.39) between
the two groups. There were no significant differences between the two groups in the proportion of participants who
required exchange transfusion (χ2 (2) = 0.36, p = 0.546); repeat phototherapy (χ2 (2) = 2.37, p = 0.123); and those who
died (χ2 (2) = 0.92, p = 0.337). Trial registration The trial was registered in the International Standardized Randomized
Controlled Trial Number (ISRCTN); trial registration number ISRCTN89732754.
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Introduction
Neonatal jaundice (NNJ) is a common condition [1]
and occurs when the breakdown of red blood cells is
increased leading to an accumulation of bilirubin [2].
Globally, the overall incidence of NNJ is 9.9 (2.8–35.6)
per 10,000 live births [1]. Africa has the highest number of children developing NNJ with an incidence of
667.8 (603.4–738.5) per 10,000 live births [1]. In Kilifi
County Hospital (KCH) Kenya, NNJ accounted for 24%
of young infants’ mortality and was the primary diagnosis of 17% of over 1000 neonatal admissions during the
first 60 days of life in 2003 [3]. Neonates may develop
hyperbilirubinemia; total serum bilirubin (TSB) above
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the 95th percentile for that age (in hours). Phototherapy
is the treatment of choice as it enhances the conversion
of bilirubin into less toxic water-soluble photo-isomers
[4] and is effective in the management of NNJ [5–9].
Severe unconjugated hyperbilirubinemia can cause neurotoxicity that leads to brain damage in neonates [10] and
is associated with irreversible neurodevelopmental, and
neurological impairment [11–16].
The use of blue-light fluorescent tubes during phototherapy increases the need for maintenance fluid by 25%
and additional intravenous fluid 1–1.5 times the maintenance fluid during intensive phototherapy [17]. The
increased fluid, mainly dextrose water is needed to compensate for fluid lost in the excretion of the water-soluble
photo-products from bilirubin conversion. Lack of fluid
may lead to dehydration in children undergoing phototherapy [18]. Moreover, adequate hydration and urine
output improve the efficacy of phototherapy.
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Albumin infusion during phototherapy is reported to
induce a rapid decline in unconjugated bilirubin during phototherapy [19] since albumin binds to bilirubin.
Hosono et al. reported that 25% albumin infusion was
more effective in reducing serum levels of unbound bilirubin during the first 6 and 24 h of treatment compared
to phototherapy alone [20], but did not significantly
reduce TSB levels at the end of treatment. In another
study, it was reported that 10% albumin had a protective
effect against bilirubin toxicity and may be useful in children with severe hyperbilirubinemia [21]. Hosono et al.
further report that albumin infusion therapy is associated
with better hearing outcomes at 6 months compared to
standard care [22].
Despite the knowledge that albumin infusion during
phototherapy may be useful, most of the evidence is from
high-income countries, and less is known in sub-Saharan
Africa (SSA) despite the high incidence of NNJ. The present study evaluated the efficacy of phototherapy and
20% albumin infusion versus standard care (phototherapy and saline) in the reduction of bilirubin, exchange
transfusion, inpatient mortality, neurological outcomes
at discharge and development outcomes at 12-months.

Main text
Methods
Trial design

This is a randomized controlled trial of phototherapy
and 20% albumin versus phototherapy and saline. The
enrolled participants were randomized in a ratio of 1:1 to
the albumin group and saline group.
Participants

The study was conducted at KCH from 2006 to 2011. All
neonates admitted to KCH had a clinical assessment of
NNJ. TSB was measured in neonates (0–30 days) admitted to the KCH paediatric ward on the day of admission.
Those with a TSB above 250 μmol/L were investigated
to determine the cause of hyperbilirubinemia and were
randomized to either phototherapy and 20% albumin
or phototherapy and saline. The decision to start phototherapy was calculated based on the postnatal age, gestational, and TSB levels at admission [23]. Phototherapy
was initiated when TSB levels were from 85µ/mols/L/kg
in babies below 2.5 kg (as a marker of prematurity). For
sick neonates, treatment was started at 30µ/mols/L below
the levels for the well baby. Participants were excluded
from the study if they had a congenital abnormality, clinical evidence of kernicterus, or obstructive jaundice.
Interventions

Neonates randomized to receive albumin were given one
infusion of intravenous 20% albumin (1 g/kg) over 2 h.
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The neonates that were randomized to 1/5 (0.9%) normal
saline sodium 154 mmol/L and chloride 154 mmol/L in
10% dextrose received the same volume of fluid as those
randomized to 20% albumin i.e. 5 ml/kg over a period of
2 h. Hyperbilirubinemia was managed using Photolight,
Model AS20 220–230 V with YZ20BT132/20W blue fluorescent tubes. All children were on a routine antibiotic
cover (Benzyl Penicillin and Gentamicin) and maintenance fluids (10% dextrose) [23]. Discharge from the hospital occured only when the TSB was below phototherapy
level (less than 85/μmol/l/kg) and after 24 h observation
to check for rebound hyperbilirubinemia after phototherapy was stopped.
Blood samples were taken for laboratory tests such as
blood group determination and Coombs test (direct and
indirect). Haemolytic causes were defined as motherbaby blood incompatibility or Coombs test positive. TSB
was measured at admission, at 2 h, 6 h, 24 h, 48 h post
admission, and every 24 h thereafter until the child was
discharged. Participants were withdrawn from phototherapy if there was a need for exchange transfusion, hospital transfer, or death.
Study Outcomes

The primary study outcome was the reduction in TSB
levels for the participants at the end of treatment. The
secondary outcomes were the prevention of exchange
transfusions during treatment, reduced inpatient mortality, neurological outcomes at discharge and developmental outcomes at 12-months.
Neurological and developmental assessment

A neurological assessments were performed using a
clinical evaluation proforma designed for this study and
assessed at discharge by a clinician blinded to the participants’ treatment arm. The developmental assessments
were taken at 12-months of age by trained assessors.
The Kilifi Development Inventory (KDI) [24, 25] and the
Developmental Milestones Checklist (DMC) [24, 25]
were administered to evaluate psychomotor, language
and social emotional function.
Sample size

The sample size was based on previous data from KCH in
which 48% of children with severe hyperbilirubinaemia
had neurological deficits [11]. To detect a 50% difference
in neurological sequelae in the albumin-treated group,
assuming 80% power, 70 participants in both arms were
required giving a total of 140 participants. Adjustment
for death and loss to follow up of 10% required 80 participants in each arm giving a total of 160 participants.
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Enrolment and randomization

The randomization was undertaken using card envelopes
in blocks of 20. The random numbers were generated
by the principal investigator and kept in serially numbered sealed opaque envelopes which were only opened
after participants were enrolled in the study. However,
due to the nature of this study, it was not possible for
the investigators, assessors, clinicians, and parents to be
blinded to the treatment arm once the participants were
randomized.
Statistical analysis

Data were recorded on files, and double entered to a
secure, Web-based REDCap database and analysed using
STATA (version 15) [26]. Descriptive statistics such as
frequencies, percentages, and median with respective
interquartile ranges (IQR) were reported. Wilcoxon test
was used to compare differences in TSB at admission and
after treatment, while Mann–Whitney U test was used to
compare the differences in change in TSB (the difference
in TSB levels at the start and end of treatment) and rate of
change per hour in TSB (the difference in the level of TSB
at admission and at the end of treatment divided by the
total number of hours taken on phototherapy) between
the two treatments. Chi square test was used for comparisons of the proportion of participants who required
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exchange transfusion, repeat phototherapy, died, and
participants who were discharged in the two treatments.
Results

One hundred and fifty-six participants were randomized
in the study (75 assigned to 20% albumin while 76
assigned to saline).
Demographic characteristics and proportion of participants who required exchange transfusion were analysed
on 118 participants (59 in the 20% albumin arm and 69 in
the saline arm).
Reduction in TSB levels in the two treatments was
assessed on the 70 participants (34 in 20% albumin arm
and 36 in the saline arm) whose data were available (see
Additional file 1: Figure S1).
Participant characteristics

The baseline characteristics of participants enrolled in
the study are given in Table 1. There were no significant
differences in the demographic and baseline characteristics between the participants who received phototherapy
and albumin and phototherapy and saline at baseline.
The median age at admission was 5 (IQR 3–6) days, the
median gestation was 36 (IQR 36–38) weeks, and the
median age for the mothers was 24 (IQR 19–28) years.
Most of the participants (40.8%) had haemolytic causes
of jaundice, 14.6% had non-haemolytic causes, 15.4%

Table 1 Baseline characteristics participants
Characteristics

20% albumin + phototherapy (n = 59)

Saline + phototherapy (n = 69)

Test statistic

5 (3–6)

5 (4–6)

P =0.574*

36 (36–37)

36 (36–38)

–

368 (303–456)

392 (316–510)

P =0.331*

24 (19–29)

24 (20–27)

P =0.331*

Yes

28

25

No

18

28

χ2(2) = 1.85, P =0.173

Yes

10

9

No

36

41

Age at admission (days)
Median (IQR)
Estimated gestational weeks
Median (IQR)
Total serum bilirubin at admission
Median (IQR)
Mother’s age
Median (IQR)
ABO incompatibility n

Non-haemolytic causes n
χ2(2) = 0.21, P =0.646

Both haemolytic and non-haemolytic n
Yes

5

3

No

54

66

Yes

13

18

No

46

51

χ2(2) = 0.92, P =0.336

Unknown causes

* Mann U Whitney

χ2(2) = 0.28, P =0.594
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had both haemolytic and non-haemolytic causes, while
in 29.2% of the participants the causes of jaundice were
unknown.
Reduction in bilirubin levels after treatment

The participants’ TSB levels after treatment were significantly lower than TSB levels at admission in both the
phototherapy and albumin (Z = 5.1, p < 0.00) and phototherapy and saline (Z = 5.2, p < 0.001) groups. There were
no significant differences in the change in TSB (Mann–
Whitney U =609, p = 0.98) and rate of change in TSB per
hour (Mann–Whitney U = 540, p = 0.39) between the
two groups (Table 2).
Outcome after treatment

There were no significant differences (p > 0.05) in the
proportion of participants who required exchange transfusion (three in albumin group versus four in saline
group), repeat phototherapy (two in albumin versus none
in saline), those who died (six in albumin group versus
eleven in saline group), and participants who were discharged in the two treatments (Table 3).

neurological impairment at discharge and improve developmental outcome at 12-months. The results reveal that
albumin infusion lowers the TSB levels during treatment, but there were no significant changes in TSB levels
and rate of change in TSB per hour between the albumin infusion arm and the control group. Additionally,
no significant differences were found in other outcomes
including the need for repeat phototherapy, exchange
transfusion, inpatient mortality, and developmental outcomes at 12-months.
One of the reasons for the lack of effect of albumin
infusion during phototherapy could be that the extraction of bilirubin from the tissues and its discharge into
the blood depend on the phototherapy rather than
additional albumin infused. These findings are similar
to those reported by Hosono et al. and Tsao and Victor who reported no significant reduction in TSB levels
between the 25% albumin infusion group and control
group. The second reason for lack of additional effect of
albumin infusion during phototherapy is that albumin
may lead to an increase in oncotic pressure, expanding
plasma volume hence delay the excretion of bilirubin

Developmental outcomes at age 12‑months

There was no significant difference in the 20% album
group and saline group in the scores for psychomotor (M = 26.5, SD = 11.5, versus M = 20.1, SD = 13.8),
t (55) = 1.9, p = 0.060; language (M = 7.3, SD = 4.3 versus M = 5.4, SD = 4.2), t (55) = 1.7, p = 0.090 and socioemotional function (M = 26.5, SD = 11.5 versus M = 25.7,
SD = 11.8), t (55) = 0.9, p = 0.360.
Discussion

This randomized control trial investigated the efficacy
of 20% albumin infusion in neonates with severe hyperbilirubinemia to enhance the binding of bilirubin in
the plasma and consequently reduce TSB, the need for
exchange transfusion, mortality during phototherapy,

Table 3 Outcome after treatment
20% albumin Saline (n = 69)
(n = 59)

Test statistic

Type of discharge n (%)
Alive

53 (89.8)

58 (84.1)

Died

6 (10.2)

11 (15.9)

χ2 (2) = 0.920,
P = 0.337

Repeat phototherapy n (%)
Yes

2 (3.4)

0 (0.0)

No

57 (96.6)

69 (100.0)

χ2 (2) = 2.376,
P = 0.123

Exchange transfusion n (%)
Yes

3 (4.4)

4 (6.8)

No

55 (95.6)

66 (93.2)

Abnormal neuro–
logical functioning

χ2 (2) = 0.364,
P = 0.546

–

Table 2 Reduction in bilirubin levels at end of treatment in whom complete data were available
Variable

20% albumin + phototherapy (n = 34)

Saline + phototherapy
(n = 36)

TSB at admission mean (SD)

387 (114)

370 (102)

TSB after phototherapy mean (SD)

191 (67)

188 (69)

152 (101–248)

159 (101–230)

2.16 (1.5–4.25)

1.91 (1.19–4.00)

Change in bilirubin*
Median (IQR)
Rate of change (mg/dL/h)*
Median (IQR)
Descriptive statistics
SD standard deviation
* No significant differences in change of total serum bilirubin and rate of change in total serum reduction per hour between the two arms of the trial p > 0.05
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from the body [20]. Third, the apparent ineffectiveness
of albumin infusion may be due to oxidation of albumin
during phototherapy. Oxidized albumin has a lesser
affinity for bilirubin than albumin, thus promotes accumulation of free bilirubin in the body [19].
In a recent Cochrane meta-analysis evaluating the role
of fluid supplementation in the treatment of NNJ, the
authors reported that there were no differences between
the treatment and control groups in the TSB levels 4 h
after phototherapy [27]. However, several studies have
reported the effectiveness of albumin infusion during
exchange transfusion [21, 28, 29]. These studies have
indicated that the effect of albumin infusion is useful
in the clearance of bilirubin from the neonates’ tissues
which may not be cleared by exchange transfusion.

Limitations
There were a number of limitations to this trial. First, the
trial was not a double-blind trial, although, the endpoints
of bilirubin and the need for exchange transfusions are
unlikely to be biased outcomes. Second, the plasma concentrations of unbound bilirubin were not consistently
measured for participants in the treatment and control
group, therefore, it is difficult to determine whether the
infusion of albumin affected the unbound bilirubin or
not. Additionally, the developmental assessments may
not have detected more subtle impairments at 12 months
of age that could impact functional abilities at a later age.
Finally, the study had missing data on some participants
hence they could not be included in this analysis. The
missing data may potentially reduce the representativeness of the sample and introduced biasness in the estimations of the outcomes of this study.
Supplementary information
Supplementary information accompanies this paper at https://doi.
org/10.1186/s13104-019-4632-2.
Additional file 1: Figure S1. Enrolment, randomization, treatment, and
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treated, and evaluated in the study.
Abbreviations
CGMRC: Center for Geographic Medicine Research-Coast; KEMRI: Kenya Medical Research Institute; TSB: total serum bilirubin; NNJ: neonatal jaundice; KCH:
Kilifi County Hospital; IQR: interquartile range.
Acknowledgements
We thank the children and their primary caregivers who took part in this study.
Special appreciation to Pauline Mwatsuma who helped to provide information
about the data collection process and helped to retrieve the data files.
We acknowledge permission from the Director of Kenya Medical Research
Institute (KEMRI) to publish this work.

Page 5 of 6

Authors’ contributions
MM and CRN conceptualization of this study. MM, RK and CRN designed
the study and prepared the tools for the study. PM assisted in retrieving the
participants from KHDSS and in data management. DNM entered the data,
conducted the data analysis and drafted the manuscript. CRN, MM, RK, AA,
HK, ALG, SM, and PM reviewed the manuscript and critically interpreted the
results and contributed to the writing of the manuscript. All authors read and
approved the final manuscript.
Funding
This study was supported by the Wellcome Trust, Grant Code 077092/B/05/Z.
The funders had no role in the study design; data collection, analysis, and
interpretation of findings; and in preparing the manuscript.
Available data and materials
The data underlying the results are open access and available on the link https
://doi.org/10.7910/DVN/TZ2RIH.
Ethics approval and consent to participate
Ethical approval was obtained from the KEMRI Scientific and Ethics Review
Unit (SERU). Protocol registration number KEMRI SCC 1016. Written informed
consent was obtained from parents of all study participants.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Centre for Geographic Medicine Research Coast, Kenya Medical Research
Institute, Wellcome Trust Research Programme, PO Box 230‑8010, Kilifi, Kenya.
2
Department of Clinical Neuro‑ and Developmental Psychology, Vrije Universiteit, Van der Boechorststraat 7, 1081 BT Amsterdam, The Netherlands. 3 Afya
Research Africa, Nairobi 00202, Kenya. 4 Department of Public Health, Pwani
University, P.O. Box 195‑80108, Kilifi, Kenya. 5 Institute for Human Development, Aga Khan University, P.O. Box 30270‑00100, Nairobi, Kenya. 6 Department of Psychiatry, University of Oxford, Oxford OX3 7JX, UK. 7 Faculty of Life
Sciences and Medicine, King’s College London, Strand, London WC2R2LS,
England, UK.
Received: 24 April 2019 Accepted: 11 September 2019

References
1. Slusher TM, Zamora TG, Appiah D, Stanke JU, Strand MA, Lee BW, et al.
Burden of severe neonatal jaundice: a systematic review and meta-analysis. BMJ Paediatr Open. 2017. https://doi.org/10.1136/bmjpo-2017-00010
5.
2. Ullah S, Rahman K, Hedayati M. Hyperbilirubinemia in neonates: types,
causes, clinical examinations, preventive measures and treatments: a narrative review article. Iran J Public Health. 2016;45(5):558.
3. English M, Ngama M, Musumba C, Wamola B, Bwika J, Mohammed
S, et al. Causes and outcome of young infant admissions to a Kenyan
district hospital. Arch Dis Child. 2003;88(5):438–43.
4. Dobbs RH, Cremer R. Phototherapy. Arch Dis Child. 1975;50(11):833.
5. Kumar P, Chawla D, Deorari A. Light-emitting diode phototherapy for
unconjugated hyperbilirubinaemia in neonates. Cochrane Library. 2011.
https://doi.org/10.1002/14651858.CD007969.
6. Malwade US, Jardine LA. Home-versus hospital-based phototherapy
for the treatment of non-haemolytic jaundice in infants at more than
37 weeks’ gestation. Cochrane Database Syst Rev. 2014. https://doi.
org/10.1002/14651858.CD010212.pub2.
7. Okwundu CI, Okoromah CA, Shah PS. Cochrane Review: Prophylactic
phototherapy for preventing jaundice in preterm or low birth weight
infants. Evid Based Child Health Cochrane Rev J. 2013;8(1):204–49. https
://doi.org/10.1002/14651858.CD007966.pub2.
8. Sachdeva M, Murki S, Oleti TP, Kandraju H. Intermittent versus continuous
phototherapy for the treatment of neonatal non-hemolytic moderate

Magai et al. BMC Res Notes

9.
10.
11.

12.
13.
14.
15.

16.
17.
18.
19.

(2019) 12:617

hyperbilirubinemia in infants more than 34 weeks of gestational age: a
randomized controlled trial. Eur J Pediatr. 2015;174(2):177–81. https://doi.
org/10.1007/s00431-014-2373-8.
Satrom K, Slusher T, Satrom J. Effectiveness of phototherapy units in
Cameroon. J Trop Pediatr. 2014;60(3):264–6. https://doi.org/10.1093/trope
/ftmt110.
Watchko JF, Tiribelli C. Bilirubin-induced neurologic damage—mechanisms and management approaches. N Engl J Med.
2013;369(21):2021–30.
Gordon AL, English M, Tumaini Dzombo J, Karisa M, Newton CR. Neurological and developmental outcome of neonatal jaundice and sepsis in
rural Kenya. Trop Med Int Health. 2005;10(11):1114–20. https://doi.org/10.
1111/j.1365-3156.2005.01496.x.
Wolf M, Beunen G, Casaer P, Wolf B. Extreme hyperbilirubinaemia in
Zimbabwean neonates: neurodevelopmental outcome at 4 months. Eur J
Pediatr. 1997;156(10):803–7.
Wolf M-J, Wolf B, Beunen G, Casaer P. Neurodevelopmental outcome at
1 year in Zimbabwean neonates with extreme hyperbilirubinaemia. Eur J
Pediatr. 1999;158(2):111–4.
Ogunlesi T, Dedeke I, Adekanmbi A, Fetuga M, Ogunfowora O. The incidence and outcome of bilirubin encephalopathy in Nigeria: a bi-centre
study. Niger J Med. 2007;16(4):354–9.
Olusanya B, Akande A, Emokpae A, Olowe S. Infants with severe neonatal
jaundice in Lagos, Nigeria: incidence, correlates and hearing screening
outcomes. Trop Med Int Health. 2009;14(3):301–10. https://doi.org/10.111
1/j.1365-3156.2009.02223.x.
Owa J, Dawodu A. Neonatal jaundice among Nigerian preterm infants.
West Afr J Med. 1990;9(4):252–7.
Provision Committee for Quality Improvement. Practice parameter: management of hyperbilirubinemia in the healthy term newborn. Pediatrics.
1994;94(4):558–65.
Iranpour R, Nohekhan R, Haghshenas I. Effect of intravenous fluid supplementation on serum bilirubin level in jaundiced healthy neonates during
conventional phototherapy. J Res Med Sci. 2004;9(4):186–90.
Caldera R, Maynier M, Sender A, Brossard Y, Tortrat D, Galiay J, et al. The
effect of human albumin in association with intensive phototherapy in

Page 6 of 6

20.
21.
22.

23.
24.
25.
26.
27.

28.
29.

the management of neonatal jaundice. Archiv Francaises de Pediatrie.
1993;50(5):399–402.
Hosono S, Ohno T, Kimoto H, Nagoshi R, Shimizu M, Nozawa M. Effects of
albumin infusion therapy on total and unbound bilirubin values in term
infants with intensive phototherapy. Pediatr Int. 2001;43(1):8–11.
Tsao Y, Victor Y. Albumin in management of neonatal hyperbilirubinaemia. Arch Dis Child. 1972;47(252):250–6.
Hosono S, Ohno T, Kimoto H, Nagoshi R, Shimizu M, Nozawa M, et al.
Follow-up study of auditory brainstem responses in infants with high
unbound bilirubin levels treated with albumin infusion therapy. Pediatr
Int. 2002;44(5):488–92.
World Health Organization. Pocket book of hospital care for children:
guidelines for the management of common childhood illnesses. Geneva:
World Health Organization; 2013.
Abubakar A, Holding P, Van Baar A, Newton C, van de Vijver FJ. Monitoring
psychomotor development in a resourcelimited setting: an evaluation of
the Kilifi Developmental Inventory. Ann Trop Paediatr. 2008;28(3):217–26.
Abubakar A, Holding P, Van de Vijver F, Bomu G, Van Baar A. Developmental monitoring using caregiver reports in a resource-limited setting: the
case of Kilifi, Kenya. Acta Paediatr. 2010;99(2):291–7.
StataCorp L. Stata version 11.0. College Station: StataCorp LP; 2009.
Lai NM, Ahmad Kamar A, Choo YM, Kong JY. Ngim CF. Fluid supplementation for neonatal unconjugated hyperbilirubinaemia. Cochrane Database
Syst Rev. 2017;8:CD011891. https://doi.org/10.1002/14651858.CD011891.
pub2.
Comley A, Wood B. Albumin administration in exchange transfusion for
hyperbilirubinaemia. Arch Dis Child. 1968;43(228):151.
Odell GB, Cohen SN, Gordes EH. Administration of albumin in the
management of hyperbilirubinemia by exchange transfusions. Pediatrics.
1962;30(4):613–21.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

