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19 Abstract

20 Severe neonatal hyperbilirubinemia remains a leading cause of preventable neonatal 

21 morbidity and mortality in low- and middle-income countries (LMICs), where 

22 unreliable electricity supply, limited specialist availability, and high treatment costs 

23 constrain access to effective phototherapy. There is limited evidence on scalable, 

24 climate-resilient phototherapy solutions suitable for decentralised care delivery.

25 We conducted a multicentre implementation study evaluating a fully solar-powered 

26 total-body phototherapy system deployed across tertiary and grassroots healthcare 

27 facilities in Nigeria between February 2024 and January 2026. The study followed a 

28 phased design: (1) specialist-controlled observational deployment at a tertiary 

29 hospital, (2) corroborative deployment at additional tertiary centres across climatic 

30 regions, and (3) task-shifted grassroots implementation in mission-owned hospitals. 

31 Neonates with moderate-to-severe hyperbilirubinemia were treated according to 

32 standard clinical protocols. Primary outcomes were successful reduction of bilirubin 

33 to ≤11.5 mg/dL, treatment duration, safety, and operational feasibility under 

34 electricity-independent conditions.

35 Across all phases, nearly 2000 neonates have been screened and more than 650 

36 neonates received treatment with the solar-powered phototherapy system. All 

37 treated neonates achieved bilirubin reduction to the predefined safety threshold, with 

38 a mean treatment duration of 19.2 ± 13 hours during the initial observational phase. 

39 No treatment interruptions due to power failure occurred, and no phototherapy-

40 related adverse events, neurological complications, or treatment-related mortality 

41 were observed. Treatment was safely delivered by junior clinicians and health 

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted February 6, 2026. ; https://doi.org/10.64898/2026.02.04.26345610doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.04.26345610
http://creativecommons.org/licenses/by/4.0/


3

42 assistants under task-shifted models in grassroots settings. The intervention 

43 eliminated the need for exchange blood transfusion among treated neonates and 

44 substantially reduced hospitalisation duration compared with conventional care 

45 pathways.

46 This study demonstrates that fully solar-powered phototherapy can be safely, 

47 effectively, and sustainably implemented across multiple levels of the health system 

48 in a low-resource setting. By removing dependence on grid electricity and specialist 

49 personnel, the intervention addresses key structural barriers to neonatal care while 

50 supporting task shifting and climate-resilient service delivery. The findings support 

51 policy consideration of decentralised, infrastructure-independent phototherapy as a 

52 strategy to reduce neonatal morbidity and mortality in LMICs.

53 Keywords:

54 Neonatal hyperbilirubinemia; Solar-powered phototherapy; Implementation research; 

55 Task shifting; Low- and middle-income countries; Climate-resilient healthcare

56

57

58

59 Introduction

60 Severe neonatal jaundice (SNJ) remains a major but preventable contributor to 

61 neonatal morbidity and mortality in low- and middle-income countries (LMICs), 

62 particularly in sub-Saharan Africa [1–3]. Nigeria bears a disproportionate share of 

63 this burden, with high incidence, late presentation, and limited access to timely and 

64 effective treatment contributing to avoidable deaths and long-term 
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65 neurodevelopmental impairment [4,5]. Despite decades of clinical awareness and 

66 policy attention, population-level outcomes have improved only marginally, 

67 underscoring persistent structural and health-system constraints, particularly 

68 unreliable power [6,7].

69 Conventional management of SNJ relies on grid-powered phototherapy and, for 

70 severe cases, exchange blood transfusion (EBT). In LMIC settings, both modalities 

71 are frequently compromised by unreliable electricity supply, shortages of trained 

72 personnel, delayed referrals, and prohibitive out-of-pocket costs [8–11]. In Nigeria, 

73 chronic electricity instability remains a systemic challenge, forcing health facilities to 

74 depend on diesel generators or to ration phototherapy use, often resulting in 

75 interrupted treatment or complete service unavailability [12–14]. These constraints 

76 contribute directly to the continued use of EBT for bilirubin levels that would 

77 otherwise be amenable to intensive phototherapy, exposing neonates to avoidable 

78 procedural risks and prolonged hospitalisation [15,16].

79 Recent implementation and health-systems research have highlighted the 

80 importance of context-compatible technologies and task-shifting strategies to 

81 address care gaps in resource-limited settings [17–19]. In neonatal care, innovations 

82 that reduce dependence on continuous electricity supply, minimise the need for 

83 highly specialised staff, and lower treatment costs are particularly critical for 

84 extending life-saving interventions to rural and peri-urban populations [20,21]. 

85 Evidence from Nigeria and comparable LMICs suggests that decentralised, non-

86 invasive interventions could substantially reduce delays to care and prevent 

87 progression to severe hyperbilirubinemia [19,22,23].
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88 Total-body phototherapy has previously been shown to improve bilirubin clearance 

89 rates and reduce treatment duration compared with conventional overhead 

90 phototherapy in Nigerian clinical settings [16,21]. However, these systems have 

91 largely remained tethered to the same infrastructural vulnerabilities that limit 

92 conventional devices. The development of a fully solar-powered, self-sustaining 

93 phototherapy platform therefore represents a potentially transformative advance, 

94 particularly for settings where grid electricity and specialist paediatric care are 

95 unreliable or absent.

96 This study evaluates the phased implementation of a novel solar-powered total-body 

97 phototherapy device (PUL) for the treatment of neonatal hyperbilirubinemia in 

98 Nigeria. Using a staged implementation approach—comprising specialist-controlled 

99 deployment at a tertiary centre, corroborative evaluation across additional referral 

100 hospitals, and subsequent rollout to grassroots facilities—we assess feasibility, 

101 clinical performance, safety, and early health-system implications. By situating this 

102 intervention within the broader challenges of neonatal care delivery, energy 

103 insecurity, and climate-conscious health innovation, this work aims to inform scalable 

104 strategies for reducing SNJ-related morbidity and mortality in Nigeria and other 

105 LMICs.

106

107
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108 Materials and Methods

109 Study design and reporting framework

110 This study was a multicentre, staged implementation study evaluating a fully solar-

111 powered phototherapy system (PoliteUltralumen; PUL) for the treatment of severe 

112 neonatal hyperbilirubinemia in Nigeria (Fig. 1). The work followed an observational 

113 design with prospective data capture across sequential deployment phases and is 

114 reported in accordance with the Strengthening the Reporting of Observational 

115 Studies in Epidemiology (STROBE) guidelines [14,24].

116 Figure 1: The politeultralumen device with a transcutaneous bilirubinometer

117

118 Study setting and phased implementation

119 The study was conducted across tertiary and grassroots healthcare facilities in 

120 Nigeria, a setting characterised by high neonatal jaundice burden and persistent 

121 electricity unreliability [3,4,6,7]. Implementation occurred in three predefined stages 

122 designed to progressively assess safety, feasibility, and scalability under real-world 

123 constraints (Fig. 2).

124 Figure 2: Flowchart of the 3-staged study design

125 Stage 1 (specialist-controlled implementation):

126 Initial deployment occurred at the Special Care Baby Unit (SCBU) of the University 

127 of Calabar Teaching Hospital (UCTH) Nigeria in January 2024. During this phase, 

128 use of the PUL device was supervised by paediatric specialists to establish safety, 

129 operational stability, and early clinical performance under controlled conditions. Only 

130 one device unit was available at this site, necessitating sequential patient access.
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131 Stage 2 (tertiary-centre corroboration):

132 Following successful initial operation, the device was deployed to multiple tertiary 

133 hospitals across different geographic and climatic regions of Nigeria. This phase 

134 focused on corroborating performance consistency, operational resilience, and early 

135 implementation challenges at scale, particularly within referral centres managing 

136 high neonatal volumes.

137 Stage 3 (grassroots and task-shifted implementation):

138 Subsequent deployment occurred at selected grassroots and primary-level facilities 

139 to evaluate feasibility under task-shifted care models [25–27]. In this phase, 

140 treatment was delivered primarily by junior doctors, nurses, and health assistants 

141 without continuous on-site consultant supervision, reflecting real-world human-

142 resource constraints common in low- and middle-income countries (LMICs) [16,21].

143 Participants and eligibility criteria

144 Neonates admitted to participating facilities with clinically significant 

145 hyperbilirubinemia requiring phototherapy were eligible for inclusion. Inclusion 

146 criteria comprised gestational age ≥30 weeks, birthweight ≥1.5 kg, and elevated 

147 bilirubin levels above locally defined treatment thresholds consistent with Nigerian 

148 clinical practice [3,4,21]. Patient carers were mandatorily made to sign the consent 

149 form after a thorough explanation of the new intervention technique and their 

150 acceptance of inclusion. Neonates requiring immediate exchange blood transfusion 

151 (EBT) at presentation or presenting with major congenital anomalies incompatible 

152 with phototherapy were excluded.

153 Intervention: solar-powered total-body phototherapy
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154 The PUL device is a fully self-powered phototherapy system incorporating solar 

155 energy capture, battery storage, and dual-surface total-body irradiation. The system 

156 delivers continuous blue-light irradiation from both overhead and base lamps, 

157 eliminating reliance on grid electricity and mitigating treatment interruption due to 

158 power outages—a major limitation of conventional phototherapy in Nigeria [4,6,7].

159 Irradiance levels were monitored during treatment at standardised anatomical points 

160 (trunk, cranial/caudal, and lateral approximations), using a calibrated light irradiation 

161 meter (MTTS Light Meter, Medical Technology Transfer and Services Co. Ltd., 

162 Hanoi, Vietnam). Treatment was paused only for breastfeeding and routine neonatal 

163 care.

164 Clinical procedures and monitoring

165 Baseline demographic and clinical data were collected at admission, including 

166 gestational age, birthweight, mode and place of delivery, and bilirubin levels. Total 

167 serum bilirubin (TSB) or transcutaneous bilirubin (TcB) measurements were obtained 

168 at baseline and serially during treatment using validated bilirubinometry techniques 

169 appropriate for low-resource settings [17,22,28].

170 Phototherapy was continued until bilirubin levels declined to a predefined mild 

171 benchmark (≤11.5 mg/dL), consistent with prior Nigerian phototherapy outcome 

172 studies [4,9]. Neonates were continuously monitored for vital signs, hydration status, 

173 and potential adverse events, including dermatological, ophthalmological, 

174 neurological, or audiological complications [23,24].

175 Outcomes

176 The primary outcome was successful bilirubin reduction to the predefined mild 

177 benchmark without the need for EBT. Secondary outcomes included rate of bilirubin 
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178 decline (mg/dL/hour), treatment duration, occurrence of adverse events, need for 

179 escalation to invasive interventions, and operational continuity of the device (Fig. 3).

180 Implementation outcomes included system uptime, irradiation stability, need for 

181 maintenance or repairs, and feasibility of use under task-shifted staffing models 

182 [16−18,27].

183 Figure 3: A typical plot showing the degradation of transcutaneous bilirubin level 

184 (TBL) during treatment

185

186 Follow-up

187 All treated neonates underwent routine clinical follow-up according to institutional 

188 protocols. Specialist assessments were conducted where available to screen for 

189 delayed dermatological, ophthalmological, neurological, or audiological sequelae 

190 associated with severe hyperbilirubinemia or phototherapy exposure [16,23].

191 Ethical considerations

192 Ethical approval was obtained from the relevant institutional review boards 

193 overseeing participating centres. Written informed consent was obtained from 

194 parents or legal guardians prior to treatment. The study adhered to the principles of 

195 the Declaration of Helsinki and applicable Nigerian research governance regulations.

196 Data management and analysis

197 Data were prospectively recorded using standardised case-record forms and 

198 anonymised prior to analysis. Descriptive statistics were used to summarise 

199 demographic characteristics, bilirubin trajectories, treatment duration, and outcomes. 

200 Continuous variables are presented as ranges, means, and standard deviations, 
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201 while categorical variables are presented as frequencies and proportions. Given the 

202 implementation-focused design, no formal hypothesis testing was undertaken.

203

204 Results

205 Patient flow and baseline characteristics

206 During the specialist-controlled implementation phase at UCTH Calabar (Stage 1), a 

207 total of 218 neonates with clinically significant hyperbilirubinemia presented to the 

208 Special Care Baby Unit between February 2024 and February 2025. Of these, 79 

209 (36.2%) were inborn and 139 (63.8%) were referred from external facilities. Due to 

210 the availability of a single PUL unit, 42 neonates (19.3%) received treatment with the 

211 device during this initial phase.

212 Baseline characteristics of treated neonates included birthweights ranging from 1.5 

213 to 4.3 kg, gestational ages of 30–41 weeks, and peak pre-treatment bilirubin levels of 

214 12.6–25.7 mg/dL. These characteristics were consistent with locally defined 

215 thresholds for severe neonatal hyperbilirubinemia requiring intervention.

216 Treatment delivery and device performance

217 Across all treated cases in Stage 1, phototherapy was delivered without interruption 

218 once initiated. No device-related power outages occurred, and continuous irradiation 

219 was maintained throughout each treatment course, except for brief pauses during 

220 breastfeeding and routine neonatal care.

221 Irradiance measurements obtained at trunk, cranial/caudal, and lateral anatomical 

222 points demonstrated stable output from both the overhead and base lamps 

223 throughout treatment periods (Fig. 4). No clinically meaningful reduction in irradiation 
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224 intensity was observed during evening or sunset hours. No system failure, repair, or 

225 maintenance callout was required at UCTH Calabar during the first 24 months 

226 following installation.

227 Figure 4: Irradiation distribution across the body segments of a neonate

228

229 Clinical outcomes (Stage 1)

230 All 42 neonates treated with the PUL device during Stage 1 achieved successful 

231 bilirubin reduction to the predefined mild benchmark (≤11.5 mg/dL). The fractional 

232 reduction in transcutaneous bilirubin from peak value to treatment cessation ranged 

233 from 9% to 57%.

234 Mean treatment duration was 19.2 ± 13 hours. The average rate of bilirubin decline 

235 was 0.3 mg/dL per hour. No neonate required escalation to exchange blood 

236 transfusion or adjunctive phototherapy modalities (Table 1).

237 No abnormalities in vital signs were observed during treatment. There were no 

238 reported dermatological or ophthalmological complications, and no cases of acute 

239 neurological or audiological concern were identified during treatment or follow-up 

240 assessments.

241 Table 1. Clinical outcomes stratified by baseline hyperbilirubinemia severity

242 Clinical characteristics and treatment outcomes of neonates treated with the 

243 politeultralumen (PUL) device during the specialist-controlled observational phase at 

244 UCTH Calabar. Severity groups are defined by peak pre-treatment transcutaneous 

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted February 6, 2026. ; https://doi.org/10.64898/2026.02.04.26345610doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.04.26345610
http://creativecommons.org/licenses/by/4.0/


12

245 bilirubin level (TBL). Outcomes include treatment duration, rate of bilirubin decline, 

246 and achievement of the predefined treatment endpoint (TBL ≤11.5 mg/dL).

Patient 
TSB 
group

No. Ave 
BW 
(kg)

Average 
GA 
(weeks)

Ave 
Peak 
TBL 
(mg/dL)

Ave End 
TBL 
(mg/dL)

Ave 
TBL 
drop 
(%)

Ave 
Duration 
(hr)

Treatment 
speed 
(mg/dL/hr)

Overall 
Outcome

Overall 42 3.0 37.6 16.2 11.2 28.8 19.2 0.3

SD 0.6 2.4 3.1 0.5 12.1 12.9 0.2

12-13.9 11 2.6 37.2 13.3 11.4 14.4 8.6 0.3

14-16.9 19 3.0 38.1 15.5 11.1 27.9 21.8 0.3

17-19.9 8 3.1 37.0 18.1 11.1 38.8 21.8 0.4
20-21.9 1 20.9 11.2 46.4 23.5 0.4
22-24.9 1 1.9 34.0 23.2 11.2 51.7 59.5 0.2
>25 2 3.1 40.0 25.6 11.3 55.8 21.0 0.8

Discharg
e without 
issues or 
negative 
events

247 Note. TSB. = total serum bilirubin; TBL. = transcutaneous bilirubin level; BW. = birthweight; GA. = 
248 gestational age
249

250 Outcomes by severity category

251 Treatment outcomes stratified by pre-treatment bilirubin severity demonstrated 

252 consistent effectiveness across severity groups. Neonates with higher baseline 

253 bilirubin levels required longer treatment durations but achieved comparable bilirubin 

254 clearance without adverse events. Severity-stratified outcomes are summarised in 

255 Table 1.

256 Multicentre corroboration and task-shifted implementation (Stages 2 and 3)

257 During Stage 2, the PUL device was deployed to multiple tertiary hospitals across 

258 Nigeria for corroborative implementation. All neonates treated during this phase were 

259 successfully discharged following bilirubin reduction without escalation to invasive 

260 interventions.

261 However, all tertiary corroboration centres reported mechanical failure of the patient 

262 bassinette associated with a specific manufacturing batch used during this phase. 
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263 These failures did not result in reported clinical harm but led to temporary 

264 suspension of device use at some sites prior to replacement and redesign. No 

265 additional device-related clinical incidents were reported.

266 Stage 3 deployment occurred at selected grassroots and primary-level facilities using 

267 redesigned hardware. Treatment was delivered primarily by junior doctors, nurses, 

268 and health assistants under task-shifted care models. All neonates treated during 

269 this phase to date were discharged successfully and no post-treatment adverse 

270 issue has been raised from any of the 11 centres. At the time of manuscript 

271 preparation, follow-up duration for Stage 3 remained insufficient for definitive impact 

272 assessment; extended evaluation is ongoing.

273 Aggregate outcomes across all stages

274 By the time of data analysis, more than 650 neonates had been treated with the PUL 

275 device across all stages and participating regions in Nigeria with nearly 2000 

276 neonates benefiting from the diagnostic community screening exercise. No treatment 

277 failures, mortality, or serious adverse clinical events were reported among treated 

278 neonates (Table 2).
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279

280

281 Table 2

282 Timeline to specialist-controlled observational (Stage 1), tertiary corroboration across 

283 climatic regions of Nigeria (Stage 2), and implementation at grassroots level (Stage 

284 3). Follow-up for stage 3 remains ongoing at the time of reporting. 

Stage/Activity Location Feb
2024

Aug
2024

Feb
2025

April
2025        

         
Jan

      
2026

Patients 
treated

Observe
d 421. Initial 

Study 
Centre Post-

observed

University 
of Calabar 
Teaching 
Hospital 159

Federal Teaching 
Hospital Lokoja 12

Federal Medical Centre 
(FMC) Keffi 14

2. Tertiary hospital 
corroboration until 
decommissions as 
pre-agreed

Amina-centre Minna 191
3. Implementation 
at grassroots 
Catholic Mission 
hospitals – 
(screened, 
diagnosed, PUL-
treated)

BSH Nsukka (320,50,23), HRH Onitsha 
(327,147,100), SJH Aba (18,5,3), MJH Okigwe 
(39,25,12), HRH Ahiara (69,11,5), SFH Nnewi 
(50,15,11), SPH Abakaliki (141,33,28), MCH 
Enugu (39,25,20), SPMC Amucha (1,1,1), IHH 
Urualla (29,21,20), IHMH Nkpor (224,50,18)

Screened 
(1,257)
Diagnosed 
(383)

241

>659
285 BSSH – Bishop Shanahan Hospital, HRH – Holy Rosary Hospital, SJH – St Joseph Hospital, MJH – Mbano Joint 
286 Hospital, SFH – St Felix Hospital, SPH – St Patrick Hospital, MCH – Mother of Christ Hospital, SPMC – St 
287 Patrick Maternity Clinic, IHH – Immaculate Heart Hospital, IHMH – Immaculate Heart of Mary Hospital
288

289 Discussion

290 This study demonstrates that a fully solar-powered total-body phototherapy system 

291 can be safely and effectively implemented across multiple levels of the health system 

292 in a low-resource setting, achieving complete treatment success without reliance on 

293 grid electricity or specialist-intensive care. The findings address long-standing 

294 structural barriers to neonatal care in LMICs, where infrastructure instability, 

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted February 6, 2026. ; https://doi.org/10.64898/2026.02.04.26345610doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.04.26345610
http://creativecommons.org/licenses/by/4.0/


15

295 workforce shortages, and household poverty continue to drive preventable neonatal 

296 morbidity and mortality [1,3,4].

297 Implementation relevance and health system impact

298 The intervention was initiated in response to a pandemic-scale burden of severe 

299 neonatal hyperbilirubinemia within a tertiary facility and subsequently expanded 

300 through deliberate phases of corroboration and grassroots implementation. This 

301 phased approach allowed real-world assessment of feasibility, safety, and 

302 adaptability across heterogeneous clinical and climatic contexts, a core requirement 

303 of implementation research [26]. Importantly, the system functioned without 

304 interruption over extended periods, underscoring the operational resilience required 

305 for decentralised neonatal care in electricity-insecure settings [6–8].

306 The observed elimination of exchange blood transfusion among treated neonates is 

307 particularly relevant in the Nigerian context, where exchange transfusion remains 

308 common for severe hyperbilirubinemia despite its invasive nature, procedural risks, 

309 and high resource requirements [10,16,23]. By enabling rapid bilirubin reduction 

310 using non-invasive phototherapy, the intervention supports safer care pathways and 

311 reduces dependence on high-risk procedures.

312 Task shifting and workforce considerations

313 A key finding of this study is the safe delivery of phototherapy by junior clinicians, 

314 nurses, and health assistants under supervision, including during the grassroots 

315 implementation phase. This aligns with growing evidence that task shifting is an 

316 effective strategy for addressing workforce shortages in LMIC health systems when 

317 supported by appropriate technology and protocols [17,18,27]. The ability to deliver 
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318 effective treatment without on-site specialist presence has important implications for 

319 rural and mission-owned facilities, where paediatric expertise is often unavailable.

320 The results extend prior task-shifting literature by demonstrating that technology 

321 design itself—specifically electricity independence, simplified operation, and 

322 continuous functionality—can actively enable safe delegation of care tasks rather 

323 than merely reallocating existing clinical responsibilities [17,18].

324 Climate resilience and sustainability

325 The solar-powered design of the phototherapy system positions it within the 

326 emerging discourse on climate-resilient healthcare. Health systems in LMICs are 

327 disproportionately vulnerable to climate-related disruptions, including power 

328 instability and fuel insecurity [25]. By operating independently of fossil fuels and grid 

329 electricity, the intervention reduces both service fragility and the carbon footprint 

330 associated with neonatal care, including generator use and long-distance patient 

331 transfers to urban centres.

332 This dual benefit—health system strengthening and climate mitigation—supports 

333 calls for context-specific, low-carbon innovations as part of national adaptation 

334 strategies for health [25].

335 Cost implications and equity

336 Although formal economic evaluation was not the primary focus of this study, the 

337 substantial reduction in hospitalisation duration and elimination of electricity and 

338 exchange transfusion costs are consistent with previous findings demonstrating 

339 major cost savings from total-body phototherapy approaches [16,21]. When 

340 extended to rural settings, these savings may be amplified by reduced travel, 
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341 accommodation, and opportunity costs borne by families—factors known to 

342 contribute to delayed or foregone care and adverse neonatal outcomes.

343 By lowering both system-level and household-level costs, the intervention directly 

344 advances equity in access to life-saving neonatal care.

345 Limitations

346 This study has limitations. Meteorological instrumentation to formally quantify the 

347 relationship between weather variability and device performance was not available 

348 during the initial phases but is planned for future work. Hardware failures affecting 

349 the patient bassinette were reported at some corroborating centres during the 

350 second phase of implementation, necessitating redesign and temporary service 

351 interruption. While these issues did not result in clinical harm, they reduced patient 

352 throughput during that phase and highlight the importance of iterative hardware 

353 refinement during scale-up.

354 In addition, long-term neurodevelopmental follow-up is ongoing, and future analyses 

355 will be required to confirm sustained outcomes beyond early infancy.

356 Policy implications

357 The findings support policy consideration of decentralised, electricity-independent 

358 phototherapy as part of national newborn care strategies in LMICs. Integrating such 

359 technologies into primary and secondary care platforms could reduce referral 

360 bottlenecks, lower neonatal mortality, and enhance system resilience in the face of 

361 infrastructure and climate constraints [28,29]. More broadly, this study illustrates the 

362 potential of locally driven innovation to generate scalable solutions to entrenched 

363 global health challenges [26,29].

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted February 6, 2026. ; https://doi.org/10.64898/2026.02.04.26345610doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.04.26345610
http://creativecommons.org/licenses/by/4.0/


18

364

365 Conflicts of interest

366 The authors declare no competing interests.

367 Funding

368 This research received no specific grant from any funding agency in the public, 
369 commercial, or not-for-profit sectors.

370 Data availability

371 De-identified data generated during this study will be deposited in the Imperial 
372 College London institutional repository and made publicly available upon publication.

373 Acknowledgements

374 This project has indirectly been supported by the Nigeria Liquefied Natural Gas (NLNG) 
375 Limited unknown to them as the financial reward from Hippolite’s win of the Nigeria Prize for 
376 Science, 2023 (https://www.nigerialng.com/csr/Pages/The-Nigeria-Prizes.aspx), sponsored 
377 by the NLNG was the main source of funds for the PUL research, development and clinical 
378 trialling. The medical missions of Professor H Amadi in Nigeria is anchored by Neonatal 
379 Concerns for Africa (www.neonatalconcerns.org)—a collaboration of the Bioengineering 
380 Department of Imperial College London, and in part, supported by the Hornchurch Baptist 
381 Church, Essex England, United Kingdom (https://www.hornchurchbaptist.org.uk). We 
382 acknowledge all technical supports and assistance received from Neonatal Concerns for 
383 Africa technical team. We appreciate the kind collaborative support of the Catholic bishops 
384 and dioceses whose grassroots hospitals participated in Stage 3 of this project across the 
385 southeast Nigeria. The Institute of Tropical Disease Research and Prevention of the 
386 University of Calabar provided their staff assistants for patient monitoring during treatment 
387 and supports for diagnostics and laboratory tests at Stage 1.

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted February 6, 2026. ; https://doi.org/10.64898/2026.02.04.26345610doi: medRxiv preprint 

https://www.nigerialng.com/csr/Pages/The-Nigeria-Prizes.aspx
http://www.neonatalconcerns.org)%E2%80%94a
https://www.hornchurchbaptist.org.uk/
https://doi.org/10.64898/2026.02.04.26345610
http://creativecommons.org/licenses/by/4.0/


19

388 References
389 1. UNICEF, WHO, World Bank, United Nations Population Division (2015) Levels and 
390 trends in child mortality: Report 2015. New York: United Nations.
391 2. United Nations Inter-agency Group for Child Mortality Estimation (UN IGME) 
392 (2019) Levels and trends in child mortality: Report 2019. Geneva: World Health 
393 Organization.
394 3. Olusanya BO, Osibanjo FB, Slusher TM (2015) Risk factors for severe neonatal 
395 hyperbilirubinemia in low- and middle-income countries: A systematic review and 
396 meta-analysis. PLoS One 10(2): e0117229. 
397 https://doi.org/10.1371/journal.pone.0117229
398 4. Ochigbo S, Ekpebe P, Nyong EE, Ikechukwu O, Ibeawuchi A, et al. (2024) Neonatal 
399 jaundice incidence, risk factors, and outcomes in 54 referral-level facilities in Nigeria. 
400 BJOG 131(Suppl 3): 113–124. https://doi.org/10.1111/1471-0528.17865
401 5. Awe OO, Olawade DB, Afolalu TD, Wada OZ, Alabi DD (2021) Prevalence of 
402 neonatal jaundice among neonates admitted in a tertiary hospital in southwestern 
403 Nigeria. Adv Pediatr Neonatol Care: APNC-121.
404 6. Adenikinju AF (2003) Electric infrastructure failures in Nigeria: A survey-based 
405 analysis of the costs and adjustment responses. Energy Policy 31(14): 1519–1530. 
406 https://doi.org/10.1016/S0301-4215(02)00208-2
407 7. Twum MAA, Beecham EO (2024) Nigerians lack reliable electricity, leaving most 
408 discontent with government efforts. Afrobarometer Dispatch No. 814.
409 8. Adebayo AV, Ainah PK (2024) Addressing Nigeria’s electricity challenges: Past, 
410 present, and future strategies. Am J Appl Sci Eng 5(2): 1–16. 
411 https://doi.org/10.5281/zenodo.12633012
412 9. Hansen TW (2003) Recent advances in the pharmacotherapy for hyperbilirubinemia 
413 in the neonate. Expert Opin Pharmacother 4(11): 1939–1948.
414 10. Jackson ME, Baker JM (2021) Hemolytic disease of the fetus and newborn: Historical 
415 and current state. Clin Lab Med 41(1): 133–151. 
416 https://doi.org/10.1016/j.cll.2020.10.009
417 11. Maynard KR, Causy L, Kawaza K, Dube Q, Lufesi N, et al. (2015) New technologies 
418 for essential newborn care in under-resourced areas: What is needed and how to 
419 deliver it. Paediatr Int Child Health 35(3): 192–205.
420 12. Amadi HO (2023) Empowering the LMIC hinterlands with compatible technologies 
421 for neonatal care: Impediments and successes. J Paediatr Neonatal Care 13(3): 174–
422 179.
423 13. Amadi HO, Abioye IO, Ugbolue UC, Ekpenyong RD, Ekwem NF, et al. (2024) The 
424 case of the neonate versus LMIC medical academia: A jury-style systematic review of 
425 32 years of literature without significant mortality reduction. Front Pediatr 12: 
426 1413113. https://doi.org/10.3389/fped.2024.1413113
427 14. STROBE Statement (2025) Strengthening the Reporting of Observational Studies in 
428 Epidemiology. Available: https://www.equator-network.org/reporting-
429 guidelines/strobe/
430 15. Okwundu CI, Olowoyeye A, Uthman OA, Smith J, Wiysonge CS, et al. (2023) 
431 Transcutaneous bilirubinometry versus total serum bilirubin measurement for 
432 newborns. Cochrane Database Syst Rev 5: CD012660. 
433 https://doi.org/10.1002/14651858.CD012660.pub2
434 16. Amadi HO, Abdullahi R, Mokuolu OA, Ezeanosike O, Adesina CT, et al. (2020) 
435 Comparative outcome of overhead and total-body phototherapy for treatment of 

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted February 6, 2026. ; https://doi.org/10.64898/2026.02.04.26345610doi: medRxiv preprint 

https://doi.org/10.1371/journal.pone.0117229
https://doi.org/10.1111/1471-0528.17865
https://doi.org/10.1016/S0301-4215(02)00208-2
https://doi.org/10.5281/zenodo.12633012
https://doi.org/10.1016/j.cll.2020.10.009
https://doi.org/10.3389/fped.2024.1413113
https://www.equator-network.org/reporting-guidelines/strobe/
https://www.equator-network.org/reporting-guidelines/strobe/
https://doi.org/10.1002/14651858.CD012660.pub2
https://doi.org/10.64898/2026.02.04.26345610
http://creativecommons.org/licenses/by/4.0/


20

436 severe neonatal jaundice in Nigeria. Paediatr Int Child Health 40(1): 16–24. 
437 https://doi.org/10.1080/20469047.2019.1610607
438 17. Leong SL, Teoh SL, Fun WH, Lee SWH (2021) Task shifting in primary care to 
439 tackle healthcare worker shortages: An umbrella review. Eur J Gen Pract 27(1): 198–
440 210. https://doi.org/10.1080/13814788.2021.1954616
441 18. Ogedegbe G, Plange-Rhule J, Gyamfi J, Chaplin W, Ntim M, et al. (2018) Health 
442 insurance coverage with or without a nurse-led task shifting strategy for hypertension 
443 control: A pragmatic cluster randomized trial. PLoS Med 15(5): e1002561. 
444 https://doi.org/10.1371/journal.pmed.1002561
445 19. Johnson SM, Vasu V, Marseille C, Hill C, Janvier L, et al. (2020) Validation of 
446 transcutaneous bilirubinometry during phototherapy for detection and monitoring of 
447 neonatal jaundice in a low-income setting. Paediatr Int Child Health 40(1): 25–29. 
448 https://doi.org/10.1080/20469047.2019.1598126
449 20. Ercan S, Ozgun G (2018) The accuracy of transcutaneous bilirubinometer 
450 measurements to identify hyperbilirubinemia in outpatient newborns. Clin Biochem 
451 55: 69–74.
452 21. Onwe OE, Ezeanosike OB, Obu CD, Daniyan OW, Amadi HO (2019) Economic cost 
453 savings with the use of total-body phototherapy for the treatment of severe neonatal 
454 jaundice in Nigeria. J Pediatr Neonatal Care 9(6): 168–171.
455 22. Nassuna C, Yaser A, Karamagi C, Mugalu J (2022) Significant hyperbilirubinemia 
456 among well neonates due for discharge: Prevalence, associated factors, and accuracy 
457 of transcutaneous bilirubinometry. Afr Health Sci 22(2): 526–534.
458 23. Maldonado MJ, Agudelo SI, Suarez JD, Gamboa O (2020) Educational strategies for 
459 development of exchange transfusion skills: A randomized clinical trial protocol. 
460 Trials 21: 387. https://doi.org/10.1186/s13063-020-04312-3
461 24. Amadi HO, Muoneke LSC, Meremikwu MM, Udo JJ, Jimoh A, et al. (2025) A solar-
462 powered device for the treatment of neonatal hyperbilirubinemia in hard-to-reach 
463 settings tested in Nigeria. BMJ Innov 11(1): 56–63. https://doi.org/10.1136/bmjinnov-
464 2024-001286
465 25. Amadi H (2025) Climate change and LMIC neonatal care at a crossroads: Self-driven 
466 research for policy-actionable adaptation and mitigation. In: Climate Change and 
467 Health. IntechOpen. https://doi.org/10.5772/intechopen.1008563
468 26. Chavda VP, Yao Q, Vora LK, Apostolopoulos V, Patel CA, et al. (2022) Fast-track 
469 development of vaccines for SARS-CoV-2: The shots that saved the world. Front 
470 Immunol 13: 961198. https://doi.org/10.3389/fimmu.2022.961198
471 27. Coales K, Jennings H, Afaq S, Arsh A, Bhatti M, et al. (2023) Perspectives of health 
472 workers engaging in task shifting to deliver healthcare in low- and middle-income 
473 countries: A qualitative evidence synthesis. Glob Health Action 16(1): 2228112. 
474 https://doi.org/10.1080/16549716.2023.2228112
475 28. Amadi HO, Kawuwa MB, Abubakar AL, Adesina CT, Olateju EK (2022) A 
476 community-integrated concept that minimises death of vulnerable neonates in low-
477 resource environments. J Paediatr Neonatal Care 12(3): 170–173.
478 29. Amadi HO, Abubakar AL, Abdullahi RA, Abubakar AG (2023) The Neonatal Rescue 
479 Scheme reduces mortality by over 85% in Niger State, Nigeria. J Neonatal Nurs 
480 30(1): 70–76. https://doi.org/10.1016/j.jnn.2023.07.003

481

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted February 6, 2026. ; https://doi.org/10.64898/2026.02.04.26345610doi: medRxiv preprint 

https://doi.org/10.1080/20469047.2019.1610607
https://doi.org/10.1080/13814788.2021.1954616
https://doi.org/10.1080/20469047.2019.1598126
https://doi.org/10.1186/s13063-020-04312-3
https://doi.org/10.1136/bmjinnov-2024-001286
https://doi.org/10.1136/bmjinnov-2024-001286
https://doi.org/10.5772/intechopen.1008563
https://doi.org/10.3389/fimmu.2022.961198
https://doi.org/10.1080/16549716.2023.2228112
https://doi.org/10.1016/j.jnn.2023.07.003
https://doi.org/10.64898/2026.02.04.26345610
http://creativecommons.org/licenses/by/4.0/


 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted February 6, 2026. ; https://doi.org/10.64898/2026.02.04.26345610doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.04.26345610
http://creativecommons.org/licenses/by/4.0/


 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted February 6, 2026. ; https://doi.org/10.64898/2026.02.04.26345610doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.04.26345610
http://creativecommons.org/licenses/by/4.0/


 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted February 6, 2026. ; https://doi.org/10.64898/2026.02.04.26345610doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.04.26345610
http://creativecommons.org/licenses/by/4.0/


 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted February 6, 2026. ; https://doi.org/10.64898/2026.02.04.26345610doi: medRxiv preprint 

https://doi.org/10.64898/2026.02.04.26345610
http://creativecommons.org/licenses/by/4.0/

