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Abstract

Objective: Avoiding early-life exposure to environmental endocrine disruptors (EDCs) is critical

for neonatal growth and long-term health. However, exposure to Di-(2-ethylhexyl) phthalate

(DEHP), a typical EDC and plasticizer, is unavoidable in neonatal intensive care units due to con-

tact with polyvinyl chloride medical devices.

Methods: This study examined the impact of DEHP exposure through blood transfusion on gut

microbiota development in preterm infants. To address this aim, the authors conducted a prospec-

tive cohort study, enrolling preterm infants between May 1, 2016, and March 30, 2021, who had

not received blood transfusions or antibiotic treatment for at least seven consecutive days prior to

enrollment. Fecal samples collected before and after transfusion underwent 16S ribosomal RNA

gene-based next-generation sequencing analysis, while DEHP levels were measured in post-trans-

fusion blood products. The average DEHP level in these products was 0.072§ 0.03mg/mL.

Results: Initial analysis of 23 preterm infants (including five recruited twice) indicated that blood

transfusion did not significantly alter bacterial composition and diversity. However, when examin-

ing recruitment events by postmenstrual age (PMA) or days of life (DOL), a significant increase in

Enterococcus abundance was observed in both the lower PMA and younger DOL groups.
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Conclusions: These findings suggest a possible association between early-life DEHP exposure via

blood transfusion and altered gut microbiota. Further studies are needed to clarify causality and

long-term health implications.

© 2025 The Authors. Published by Elsevier España, S.L.U. on behalf of Sociedade Brasileira de

Pediatria. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).

1 Introduction

2 Premature infants born before 37 weeks of gestational age

3 and being cared for in neonatal intensive care units (NICUs)

4 are particularly vulnerable to environmental endocrine dis-

5 ruptors (EDCs). One of these disruptors is di-(2-ethylhexyl)

6 phthalate (DEHP), a plastic softener present in polyvinyl

7 chloride (PVC) medical devices D81X X[1,2,3]. PVC-made medical

8 devices include blood storage bags and a variety of medical

9 tubing, such as nasogastric tubes, endotracheal tubes, and

10 tubing for total parenteral nutrition D82X X[2,3].
11 Among the medical treatments in NICU, blood transfu-

12 sions result in significantly higher DEHP exposure, up to 0.3

13 (0.14�0.72) mg DEHP/kg body weight (BW)/day, due to

14 DEHP leaching from PVC devices and its lipophilic properties

15 enhancing red blood cell stability D83X X[4]. Two main reasons are

16 speculated: firstly, DEHP non-covalently binds to PVC-made

17 medical devices, allowing it to leach during medical proce-

18 dures D84X X[3]; and secondly, as DEHP is lipophilic, it can integrate

19 with the membrane and increase the stability of red blood

20 cells when they are stored in DEHP-based blood bags D85X X[5].
21 Recent biomonitoring data also demonstrate that DEHP

22 exposure post-transfusion shows significantly higher urinary

23 levels (191.4mg/L) than parenteral nutrition (22.0mg/L) or

24 central lines (23.1mg/L) D86X X[6]. Although there is no report

25 about short-term toxicity under the Scientific Committee on

26 Emerging and Newly-Identified Health Risks (SCENIHR)

27 guidelines for DEHP exposure to premature infants, the

28 impact of this iatrogenic DEHP exposure on these vulnerable

29 populations is worthy of further investigation.

30 Accumulating studies have shown that prenatal or post-

31 natal exposure to DEHP may adversely affect the reproduc-

32 tive D87X X[7,8], and nerve systems[9] and immune responses D88X X
33 [10,11]. Epidemiological studies reveal the associations

34 between DEHP early-life exposure and the risk of allergic

35 development in children D89X X[10], suggesting that maternal

36 DEHP exposure may modulate neonatal immunity. The

37 recent transgenerational murine study demonstrates that

38 maternal DEHP chronic exposure at an environmentally rele-

39 vant dose (0.037 mg DEHP/kg BW/day) alters offspring den-

40 dritic cell homeostasis through epigenetic modification D90X X[11].
41 These studies reveal that maternal exposure to DEHP in daily

42 life at environmental doses modulates neonatal immunity

43 development, making offspring more prone to childhood

44 allergies; however, whether high-dose and short-term expo-

45 sure to DEHP via blood transfusion impacts the immune

46 development of newborns warrants further investigation.

47 Early-life gut microbiota dysbiosis is linked to immune-

48 related disorders in children D91X X[12,13]. Studies show that lower

49 levels of Faecalibacterium, Lachnospira, Veillonella, and

50 Rothia increase allergy risks D92X X[13], while higher D93X XEscherichia coli

51 and D94X XKlebsiella pneumonia levels are associated with atopic der-

52 matitis D95X X[14]. In addition, a portion of the initial gut microbiota

53of newborn infants is acquired through maternal transmission

54from the amniotic fluid and placenta before birth D96X X[15]. With

55weekly gut microbiota analysis spanning postmenstrual age

56(PMA) 24 to 46 weeks, preterm infants’ microbiota can be

57divided into three phases, and the delayed phase transition

58appears to be associated with variation in nutritional intake

59and growth failure in infants D97X X[16]. The authors' previous study

60showed that early-life DEHP exposure significantly altered gut

61microbiota and anti-HBsAg-IgM response in neonates receiving

62intravenous fluid D98X X[17]. These studies suggest early-life EDC

63exposure, such as DEHP release in NICU, might impact newborn

64gut microbiota development.

65In this prospective cohort study, the authors aimed to

66investigate whether high-dose DEHP exposure through blood

67transfusion is associated with alterations in gut microbiota

68composition in preterm infants. Given that PMA and days of

69life (DOL; equivalent to postnatal age) may influence the

70developmental vulnerability of the gut microbiota, the

71authors further explored whether the association varies

72across different developmental stages. This study was

73designed to provide insights into how iatrogenic DEHP expo-

74sure might affect early-life gut microbiota development in

75this vulnerable population.

76Patients and methods

77Study subject enrollment

78From May 1, 2016, to March 30, 2021, a prospective cohort

79study (EMRP47104N) was conducted at the NICU of E-Da Hospi-

80tal, enrolling premature infants (gestational age < 37 weeks)

81who had not received blood transfusions or antibiotics for at

82least seven consecutive days prior to enrollment. The study

83was approved by the Institutional Review Board and conducted

84in accordance with the Declaration of Helsinki. Infants with

85necrotizing enterocolitis, spontaneous intestinal perforation,

86or other gastrointestinal pathology were excluded.

87All enrolled infants received mixed enteral feeding

88(breast milk and formula) and daily probiotic supplementa-

89tion (Lactobacillus reuteri DSM 17,938, BioGaia, Stockholm,

90Sweden; D99X X1 D100X X£ 10⁸ CFU). However, the specific proportions

91and timing of milk types were not recorded, and no infant

92received exclusive feeding.

93When hemoglobin levels fell below 11 g/dL and transfusion

94was indicated, irradiated packed red blood cells (20mL/kg

95body weight) stored in DEHP-containing PVC bags (JMS Blood

96Bag, JMS Co., Ltd., Hiroshima, Japan) were administered.

97Fecal samples were collected at standardized time points:

981�2 days before transfusion (T0), and on days 1, 3, or 6 post-

99transfusion (T1, T2, T3). All samples were collected using

100sterile techniques and stored at �80 D101X X°C for 16S ribosomal

101RNA (rRNA)-based next-generation sequencing (NGS) analysis.
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102 Detection of DEHP levels in blood products

103 DEHP levels were measured in blood samples from 10 trans-

104 fusion events. These samples were obtained from the

105 remaining blood in transfusion bags after clinical use.

106 Because not all transfusion events had sufficient residual

107 volume for analysis, only 10 events were included. To simu-

108 late the actual exposure pathway in neonates, blood from

109 each unit was passed through the standard PVC transfusion

110 tubing before collection. The DEHP concentration was ana-

111 lyzed using LC�MS/MS. After appropriate sample prepara-

112 tion, 10mL of the processed blood sample was injected into

113 the instrument via the autosampler. The estimated DEHP

114 dose per transfusion (mg/kg BW) was calculated using the

115 following formula: DEHP concentration (mg/mL)£ 20mL/kg

116 BW. Detailed analytical procedures are provided in the Sup-

117 plementary Methods.

118 Stool DNA extraction and 16S rRNA gene-based NGS
119 sequencing

120 The procedures for extracting DNA from stool, constructing a

121 library, and sequencing the V3-V4 region of bacterial 16S

122 rRNA genes using an Illumina Miseq sequencer were carried

123 out in accordance with the steps outlined in the Supplemen-

124 tal methods. The sequencing data has been deposited in the

125 NCBI SRA under BioProject ID PRJNA1354601.

126 Statistical analysis

127 Statistical analyses were performed using SPSS version 17.0

128 (SPSS Inc., Chicago, IL, USA). Data are presented as mean §

129 standard deviation (SD). Statistical differences were deter-

130 mined by using one-way ANOVA followed by a Bonferroni D102X X
131 t-test for post-hocmultiple comparisons. A statistical signifi-

132 cance level of D103X Xp D104X X< 0.05 was applied to all tests.

133 To explore potential age-related patterns, recruitment

134 events were stratified by the median PMA (240 days; equivalent

135 to approximately 34.3 weeks) and by the median DOL (34 days;

136 equivalent to approximately 4.9 weeks). These subgroup analy-

137 ses were conducted as exploratory, post hoc evaluations, and

138 the resulting p values were interpreted descriptively.

139 For time-course and temporal trend analyses, both PMA

140 and DOL were converted to days. PMA was calculated as the

141 sum of gestational ages (in days) at birth and the number of

142 postnatal days (DOL) at the time of blood transfusion. This

143 standardization enabled more accurate temporal compari-

144 sons of gut microbiota changes across infants with varying

145 gestational ages at birth.

146 Results

147 Preterm infants who received blood transfusions
148 were exposed to a high level of DEHP

149 The study initially enrolled 26 preterm infants. As 9 of them

150 underwent two transfusion episodes, a total of 35 recruitment

151 events were recorded. After excluding 7 events due to incom-

152 plete data, the final analysis included 28 transfusion-related

153 recruitments from 23 infants, including 5 who contributed two

154 events each (Fig. S1). Blood transfusions were administered to

155infants with anemia to enhance oxygen delivery and stabilize

156vital signs D105X X[18]. In each recruitment, each enrolled infant con-

157tributed fecal samples one or two days before blood transfu-

158sion (defined as T0) and one, three, or six days after blood

159transfusion (T1, T2, and T3, respectively). The time points

160were chosen based on the known metabolic characteristics of

161DEHP in humans. After exposure, DEHP is rapidly metabolized,

162and peak levels of urinary metabolites are usually observed

163within a few hours, with most of them excreted within 24 hD106X X D107X X
164[19]. However, depending on the exposure level and individual

165variation, some metabolites may remain detectable for several

166days. Therefore, the authors collected fecal samples on days 1,

1673, and 6 after transfusion to observe both the early and short-

168term effects on gut microbiota.

169The clinical characteristics of these infants are summa-

170rized as follows. The average birth weight and gestational

171age of these infants were 1370.7§ 737.4 g and 29.6§ 3.3

172weeks, respectively (Supplementary Table 1). To estimate

173DEHP exposure, residual blood remaining in the transfusion

174bags after administration was analyzed. The average DEHP

175concentration in these samples was 0.072§ 0.03mg/mL

176(Supplementary Table 2). Based on this concentration, the

177authors estimated that infants receiving a standard transfu-

178sion volume of 20mL/kg BW were exposed to approximately

1791.44§ 0.6mg/kg BW of DEHP. This exposure level substan-

180tially exceeds both the tolerable daily intake (TDI) for humans

181of 0.05mg/kg BW/day[20] and the benchmark level of

1820.3mg/kg BW for a single transfusion D108X X[3], indicating a consid-

183erable exposure associated with blood transfusions in infants.

184Without age stratification, blood transfusion did not
185show an evident impact on the gut microbiota in the
186newborns

187Fecal samples from 28 recruitment events were collected at

188four different times surrounding transfusion and analyzed

189for gut microbiota using 16S rRNA gene-based NGS sequenc-

190ing. The study assessed alpha diversity through the

191Observed, Chao1, Shannon, and Simpson indices, and beta

192diversity via weighted UniFrac distances for PCoA. Initial

193analysis of these events indicated no statistically significant

194changes in gut microbiota composition before and after

195blood transfusion (Supplementary Fig. S2).

196Blood transfusion significantly increased intestinal
197enterococci at the genus level in the low PMA
198newborns

199The authors categorized recruitment events by the median of

200PMA or DOL to tackle variations in preterm infant treatment

201and analysis. This approach is supported by research indicat-

202ing that PMA, a measure combining gestational age at birth

203with chronological age post-birth, significantly influences the

204development of preterm infants' gut microbiota D109X X[16,21,22].
205The authors divided the recruitment events into groups

206based on PMA median and investigated the effects of blood

207transfusion on the gut microbiota in infants with high or low

208PMA. The findings revealed that infants in the low PMA group

209(< 240 days; equivalent to approximately 34.3 weeks) had

210significantly lower birth weight, body weight at transfusion

211time, and gestational age compared to those in the high PMA

ARTICLE IN PRESS
JID: JPED [mSP6P;November 14, 2025;18:58]

3

Jornal de Pediatria xxxx;xxx(xxx): 101476



212 group (� 240 days), with no differences in DOL or other fac-

213 tors such as Apgar scores, gender, and birth mode (Table 1).

214 Initial analyses using alpha diversity and weighted UniFrac

215 distances with PCoA indicated that gut microbiota patterns

216 were not significantly altered by PMA levels (Figure 1A�1D);

217 However, linear discriminant analysis (LDA) highlighted a signifi-

218 cant impact of blood transfusion on the gut microbiota in the

219 low PMA group (Figure 1E and 1F), with no notable effects in

220 the high PMA group (data not shown). Specifically, in the low

221 PMA group, blood transfusion led to increased levels of certain

222 microbiota (Propionibacteriales at Order level, Propionibacter-

223 iaceae at Family level, and Cutibacterium and D110X XEnterococcus at
224 Genus level) when comparing the T0 and T2 groups (Figure 1E).

225 Further comparisons between the T0 and T3 groups revealed

226 increased richness of D111X XEnterococcus in T3, while several micro-

227 bial taxa showed increased richness in T0 (Figure 1D), including

228 Actinobacteriota at Phylum level, Actinobacteria and Alphap-

229 roteobacteria at Class level, Corynebacteriales, Staphylococ-

230 cales, Caulobacterles and Xanthomonadales at Order level,

231 Corynebacteriaceae, Staphylococcaceae, Caulobacteraceae

232 and Xanthomonadaceae at Family level and Corynebacterium,

233 D112X XStaphylococcus, Acidaminococcus and Caulobacter at Genus

234 level Notably, an increase in D113X XEnterococcus at the genus level

235 was consistently observed in the low PMA group post-transfu-

236 sion, underscoring a specific microbial change associated with

237 blood transfusion in this demographic.

238 Blood transfusion effects on gut microbiota was
239 predominantly observed in the younger DOL group

240 The authors further analyzed the impact of blood transfusion

241 on the groups categorized by the median of DOL. As shown in

242 Table 2, the younger DOL group (< 34 days; equivalent to

243 approximately 4.9 weeks) had significantly higher birth

244 weight and gestational age than the older DOL group (� 34

245 days); however, there was no difference in PMA and body

246weight at the time of transfusion between these two groups.

247This suggests that although the infants differed in gesta-

248tional age at birth and birth weight, their transfusions were

249given at comparable growth and developmental stages. The

250analysis of a-diversity and b-diversity showed that blood

251transfusion did not have a significant impact on the gut

252microbiota pattern based on DOL (Figure 2A�2D); however,

253the LDA analysis pinpointed specific microbial changes, par-

254ticularly in the younger DOL group. Specifically, in the youn-

255ger DOL group, a comparison of microbial changes between

256before (T0) and after (T2) blood transfusion revealed a sig-

257nificant decrease in the abundance of Fusobacteriaceae at

258the Family level at T2 (Figure 2E). Additionally, a comparison

259between T0 and T3 in the younger DOL group showed signifi-

260cantly high abundance in T0, including Fusobacteriota at

261Phylum level, Fusobacteriia, Alphaproteobacteria at Class

262level, Fusobacteriales, Rhizobiales and Xanthomonadales at

263Order level, Fusobacteriaceae, Rhizobiaceae and Xanthomo-

264nadaceae at Family level and Allorhizobium/Neorhizobium/

265Pararhizbium/Rhizbium, Delftia and Stenotrophomonas at

266Genus level (Figure 2F). However, the abundance of Entero-

267coccaceae at Family level and D114X XEnterococcus at Genus level

268were significantly increased in T3 compared to T0

269(Figure 2F). The LDA analysis revealed a single change in the

270older DOL group, where the abundance of D115X XCitrobacter at the
271Genus level was observed to increase at T1 compared to T0

272(Figure 2G). These findings underscore that blood transfu-

273sions primarily affect the gut microbiota in infants with

274younger DOL, suggesting that transfusions may influence the

275developing gut microbiota in a stage-dependent manner.

276Discussion

277High-dose DEHP exposure during blood transfusions in pre-

278mature infants, particularly those with lower PMA or

Table 1 Characteristics of the preterm infants categorized by postmenstrual age (PMA) at the time of blood transfusion.

Mean § SD (min, max) or N

Recruitment events

D1X XN D2X X= 28

PMA < 240 days

D3X XN D4X X= 14

PMA � 240 days

D5X XN D6X X= 14

p value

Birth weight (g) 1012. D7X X9 D8X X§ 273.6

(770, 1705)

1583. D9X X6 D10X X§ 855.2

(500, 3990)

0.022*

Body weight at the time of transfusion (g) 1350. D11X X0 D12X X§ 201.7

(966, 1656)

2689. D13X X2 D14X X§ 779.0

(1695, 4820)

< 0.001***

Gestational age at birth (day)1 192. D15X X1 D16X X§ 13.6

(175, 222)

214. D17X X9 D18X X§ 23.7

(175, 261)

0.010*

PMA at the time of transfusion (day) 225. D19X X9 D20X X§ 7.1

(211, 239)

266. D21X X7 D22X X§ 32.5

(240, 366)

< 0.001***

DOL at the time of blood transfusion (day) 33. D23X X8 D24X X§ 13.2

(11, 54)

51. D25X X9 D26X X§ 40.1

(14, 171)

0.213

Apgar1 5.D27X X8 D28X X§ 1.3 5. D29X X1 D30X X§ 2.8 0.845

Apgar5 7.D31X X9 D32X X§ 0.6 6. D33X X2 D34X X§ 3.2 0.227

Gender

Boy

Girl

7

7

10

4

0.440

Vaginal delivery 6 7 1.000

1 Gestational age in weeks: 192.1 days � 27.4 weeks; 214.9 days � 30.7 weeks.
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Figure 1 Gut microbial alteration of the preterm infants categorized by postmenstrual age (PMA) at the time of blood transfusion.

The impact of transfusions on microbiota patterns was assessed in both low PMA groups (A and B) and high PMA groups (C and D) using

alpha-diversity measures (A and C) and beta-diversity measures (B and D). The microbial taxonomy based on the 16S rRNA gene-based

NGS sequencing was analyzed using LEfSe algorithm. LDA analysis was conducted to compare the low PMA group at T0 versus T2 (E), as

well as T0 versus T3 (F). Taxa that achieved an LDA score greater than 2.0 were identified and labeled accordingly. Taxonomic levels

ranging from phylum to species exhibited an LDA score greater than 2.0.
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279 younger DOL, significantly alters gut microbiota by increas-

280 ing D116X XEnterococcus abundance, a pathogen causing urinary

281 tract infections, meningitis, and sepsis in the NICU setting D117X X
282 [23]. This change suggests a shift towards microbiota imma-

283 turity and potential adverse outcomes. The prevalence of

284 D118X XEnterococcus, influenced by factors like diet and age, typi-

285 cally decreases with PMA D119X X[22,24,25]. However, these find-

286 ings highlight an unexpected rise in post-DEHP exposure,

287 implicating a potential risk for infections and underscoring

288 the need for cautious DEHP use in neonatal care.

289 The authors’ study prior to this one found that full-term

290 infants exposed to low doses of DEHP (approximately 0.001

291 to 0.027mg/kg BW) through intravenous infusion, below the

292 TDI of 0.05 mg/kg BW/day, experienced changes in their gut

293 microbiota diversity and composition D120X X[20]. In contrast, pre-

294 mature infants exposed to a higher dose of DEHP (approxi-

295 mately 1.44 mg/kg BW) via blood transfusion showed no

296 diversity changes but an increase in specific bacteria like

297 D121X XEnterococcus. These results suggest that DEHP exposure,

298 regardless of dose, may affect gut microbiota development,

299 warranting further research on its health implications.

300 The development of gut microbiota is a vital factor contrib-

301 uting to the health of preterm infants D122X X[26], and it is associated

302 with both gestational age[21] and PMA D123X X[16]. The current study

303 observed that blood transfusion did have a significant impact

304 on the gut microbiota composition of two groups of preterm

305 infants. Infants with low gestational age showed an increased

306 abundance of D124X XEnterococcus at the genus level three and six

307 days after transfusion. Meanwhile, those with even higher ges-

308 tational ages but fewer days since birth exhibited a similar

309 increase in D125X XEnterococcus, but notably six days post-transfusion.
310 This may suggest that preterm infants, particularly those youn-

311 ger in gestational age or with fewer days post-birth, could be

312 more affected by EDCs like DEHP exposure in transfusions,

313 highlighting the influence of gestational and postnatal age on

314 their gut microbiota’s response to environmental factors.

315In Taiwan, critically ill premature infants in NICUs com-

316monly show elevated DEHP metabolite levels due to extensive

317use of PVC-based medical devices such as tubing, bags, and

318respiratory equipment D126X X[27]. However, accurate estimation of

319DEHP exposure through urinary metabolites is challenging in

320preterm infants because of their immature renal function and

321unreliable creatinine-based correction D127X X[28]. To address this,

322the present study quantified DEHP levels directly from resid-

323ual blood samples and calculated total exposure from transfu-

324sion volumes (Supplementary Table 2).

325Although potential DEHP sources such as endotracheal

326tubes, feeding tubes, or intravenous lines exist D128X X[27,29], the
327authors carefully minimized their impact in this study. None

328of the enrolled infants were intubated, and all were fed

329using DEHP-free feeding tubes and received parenteral

330nutrition via DEHP-free bags (“Baxter” Exacta-Mix EVA Con-

331tainer). Thus, the blood transfusion procedure was the only

332major controlled and quantified source of DEHP exposure in

333this cohort. Besides, the prior findings indicated that DEHP

334exposure from 0.001 to 0.027mg/kg BW/day in newborns

335not undergoing invasive procedures D129X X[17], emphasizing blood

336transfusions as a significant, high-dose DEHP exposure source

337for hospitalized preterm infants.

338While the present study observed a temporal association

339between high-dose DEHP exposure through blood transfusion

340and an increase in D130X XEnterococcus abundance in preterm

341infants, the authors acknowledge that causality cannot be

342conclusively established. Direct measurements of serum or

343urinary DEHP metabolites, as well as inflammatory markers

344such as cytokines or hormones, were not performed. There-

345fore, other transfusion-related factors, such as anemia cor-

346rection, intestinal reperfusion, transfusion volume, and

347increased iron load, may also have contributed to the

348observed microbial changes [30�32].

349In the present study, all infants received standardized

350probiotics and were free from antibiotics or transfusions for

Table 2 Characteristics of the preterm infants categorized by days of life (DOL) at the time of blood transfusion.

Mean § SD (min, max) or N

Recruitment events

D35X XN D36X X= 28

DOL < 34 days

D37X XN D38X X= 14

DOL � 34 days D39X XN D40X X= 14 p value

Birth weight (g) 1612. D41X X3 D42X X§ 827.3

(824, 3990)

984. D43X X1 D44X X§ 291.2

(500, 1440)

0.003**

Body weight at the time of transfusion (g) 2042. D45X X1 D46X X§ 1073.6

(966, 4820)

1997. D47X X1 D48X X§ 678.0

(1236, 3000)

0.635

Gestational age at birth (day)1 214. D49X X7 D50X X§ 21.9

(181, 261)

192. D51X X2 D52X X§ 16.6

(175, 231)

0.004**

PMA at the time of transfusion (day) 239. D53X X4 D54X X§ 23.4

(211, 293)

253. D55X X2 D56X X§ 36.8

(223, 366)

0.197

DOL at the time of transfusion (day) 24. D57X X6 D58X X§ 6.5

(11, 32)

61. D59X X0 D60X X§ 34.7

(34, 171)

< 0.001***

Apgar1 5. D61X X7 D62X X§ 2.2 5. D63X X2 D64X X§ 2.1 0.409

Apgar5 7.D65X X5 D66X X§ 2.0 6. D67X X6 D68X X§ 2.7 0.301

Gender

Boy

Girl

10

4

7

7

0.440

Vaginal delivery 7 6 1.000

1 Gestational age in weeks: 214.7 days � 30.7 weeks; 192.2 days � 27.5 weeks.
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Figure 2 The gut microbial changes observed in preterm infants undergoing blood transfusions, categorized by day of life (DOL;

equivalent to postnatal age) at the time of the transfusion. The impact of transfusions on microbiota patterns was evaluated in youn-

ger DOL groups (A and B) as well as older DOL groups (C and D) using alpha-diversity measures (A and C) and beta-diversity measures
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351 at least seven days before enrollment. However, detailed

352 data on feeding composition and schedule were lacking,

353 which may have introduced residual confounding. Although

354 the authors excluded infants with NEC or spontaneous intes-

355 tinal perforation, transfusion-related NEC remains a con-

356 cern. Future studies should include comprehensive clinical

357 metadata and functional assays (e.g., metabolomics, cyto-

358 kines) to clarify the role of DEHP and other transfusion-

359 related factors in shaping gut microbiota and potential dis-

360 ease risk.

361 Conclusions

362 This study highlights the potential alterations in gut micro-

363 biota, notably increased D131X XEnterococcus, associated with blood

364 transfusion and the accompanying exposure to DEHP in pre-

365 term infants, despite its limitations, like small sample size

366 and unavoidable plasticizer exposure in NICU settings. It

367 underscores the need for further research into long-term

368 effects and the development of DEHP-free medical materials.

369 Abbreviations

370 BW, Body weight; DEHP, Di-(2-ethylhexyl) phthalate; DOL,

371 Days of life; EDC, Environmental endocrine disruptor; LDA,
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373 ing; NICU, Neonatal intensive care unit; PMA, Postmenstrual

374 age; PVC, Polyvinyl chloride; rRNA, Ribosomal RNA gene;
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