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Objectives: This study aimed to investigate the matching degree between the donated supply and demand, clinical characteristics of
both donors and recipients, along with the operation cost.

Methods: From January 1, 2018 to December 31, 2021, the data on human milk donation and usage, the clinical characteristics of
donors and recipients, and the cost of each operating center were collected from the Manual Donation Registration Form and
Information Management System of the selected human milk bank.

Results: During the four years that the human milk bank was in operation, the volume of donated milk was slightly greater than the
volume of consumed milk. A total of 1364 donors donated 2434.63 liters of qualified human milk, for RMB 1,791,000 (USD 257,
202), ie, RMB 385.3 (USD 55.3)/L; 97.8% of the donors were preterm puerperae, and 59% of the donors donated between 1 week and
1 month after delivery. All recipients were preterm infants and received donated human milk for a duration of 9.4 days on average.
During the four years of operation, the proportion of donors who had previously received donated milk among all donors showed an
overall increasing trend, while the incidence of NEC in preterm infants gradually decreased.

Conclusions: The increasingly optimized structure of donors, the more economical operation, and the fact that the use of donated
milk may not affect breastfeeding of the recipients have made it a human milk bank operation mode worthy of promotion.
Keywords: donated human milk, human milk bank, NEC, operating cost, preterm infants

Introduction
Breast milk has unique nutritional and immune activity and is the most ideal food source for infant health. For premature
babies, breast milk is a also a preferred food with therapeutic effects.! Breastfeeding advantages extend beyond the
properties of human milk itself, and a complex of nutritional, environmental, socioeconomic, psychological as well as
genetic interactions establishes a massive list of benefits of breastfeeding to the health outcomes of the breastfed infant,
with added value in premature infants.” It has several benefits such as reducing the incidence of bronchopulmonary
dysplasia, late-onset sepsis, and neonatal necrotizing enterocolitis (NEC) in preterm infants, promoting the development
of their neuroimmune system,” and lowering heavy and long-term social burdens in future related to social assistance and
special education that preterm infants may require as they grow, therefore guarantecing the sustainable development of
social productivity.* Preterm infants in China are cared for in the neonatal intensive care unit (NICU), and due to factors
such as maternal separation, immaturity of various systems, diseases suffered by preterm infants, maternal conditions,
and the social environment, they are unable to be breastfed,” hence, the donated human milk from human milk banks is
an optimal alternative to maternal breastmilk. Donated human milk is currently recommended by the World Health
Organization,® American Academy of Pediatrics,” and European Society for Pediatric Gastroenterology, Hepatology, and
Nutrition as the preferred alternative to maternal human milk.®

Human milk banks are nonprofit professional organizations that recruit human milk donors, collect donated human milk,
and screen, process, store, and distribute human milk.” Scientific and comprehensive operational guidelines have been
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developed by the Human Milk Bank Association of North America and Human Milk Bank Association of Europe.'*!!
Norway,'?> Germany,* South Korea,'* and Italy'> modified and supplemented the management guidelines of the Association
based on their own conditions. Currently, human milk banks abroad rely on corporate and institutional donations.'®

Human milk banks in China have developed rapidly, from 2 in 2013 to 14 in 2016, Currently, there are about 20 human

milk banks.!” Since 2016, researchers have conducted studies on human milk banks,lg*21

and have successively released
various specifications, guidelines, and consensus.”**>> Human milk banks are currently facing two major challenges.'
Human milk banks are generally established by medical institutions in China, which lack sufficient operational funding,
face instability in terms of donors, and have insufficient donated milk. Therefore, we created a mutual aid human milk bank
model, which over the course of four years of operation, improved the feasibility and operational efficiency of continuous milk
donation, while also providing a reference program with Chinese characteristics for long-term development of human milk

banks. It is hereby reported as follows.

Participants and Methods
Data Sources of the Participants and Study Variables

From January 1, 2018 to December 31, 2021, a retrospective analysis was performed on the human milk bank of a Grade
A Class 3 Maternity Hospital in Zhejiang Province, involving the clinical characteristics of donors/recipients, supply and
demand of the donated milk, operating costs, and NEC incidence in preterm infants. This study complied with the
Declaration of Helsinki and was approved by the Medical Research Ethics Committee of Women’s Hospital, Zhejiang
University School of Medicine (IRB-20220045-R). The informed consent obtained from the legal guardians of the
participants prior to study commencement for the use of their data in this study.

Study Methods

The human milk bank was established in 2017 to receive fresh, refrigerated, or frozen human milk from the neonatology
department of our hospital. The bank, which consists of a collection room, a sterilization processing room, and a storage
room, is equipped with three pasteurizers, one human milk composition analyzer, two —20 °C refrigerating cabinets, two
medical refrigerators, and one hospital-grade breast pump. In terms of personnel, there is one person in charge and one
dedicated nurse. The Bank also has an independent electronic information system,* which is used to save and manage
the data about the milk donations and usage of the human milk bank, thus tracing and ensuring the safety of milk use.
The donated human milk is preferred for very (ultra-) low birth weight (VLBW) preterm infants, and in principle, it is
given until the mother has sufficient milk or the gestational age is corrected to 32—34 weeks.

The human milk bank implements the Hazard Analysis Critical Control Point (HACCP) management system,'® which
involves the following four major processes: () Recruitment: Home promotion, signing of informed consent form, and
preliminary health screening. (@ Collection: Serological screening, pumping, home storage, human milk transport,
reception, and storage at the human milk bank, and donor data entry. (3) Processing and storage: Thawing, mixing and
dispensing, pasteurization, bacteriological screening, freezing for future use, or discarding. (®) Distribution: Issuing
medical advice, thawing and distributing, recording the usage, and monitoring feeding.

Source of Human Milk Donation
The milk donation comes from stored human milk collected from mothers with preterm infants in our hospital.

Recruitment and Screening

It is necessary to promote breastfeeding among the parents of all < 34-week preterm infants, and fully inform them of the
benefits of breast/human milk feeding and the risks of formula milk. Based on the principles of voluntariness, the
recipients signed three informed consent forms: (1) Informed consent for fresh breastfeeding, which can strongly
encourage fresh breastfeeding; 2) Informed consent for use of donated human milk, ie, the use of pasteurized donated
human milk in the case of insufficient breast milk; 3) Informed consent for non-remunerated human milk donation, ie,
the donation of surplus human milk to other preterm infants in need of human milk. The dedicated nurse of the human
milk bank performed preliminary health screening of all preterm puerperae during the promotion of colostrum feeding
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based on their living habits, history of smoking and drinking, history of drug abuse, history of previous diseases, and
history of medication. We also promoted incentive measures during the promotion process; for example, anyone who
donates more than 800 mL of human milk in a single donation could apply for a 5G+VR remote consultation service.

Collection

The working staff of the human milk bank collected the relevant laboratory results of the puerperae during hospitalization
through the HIS system, which could replace the need for serological tests of the donors for at least 3 months. After
including the eligible puerperae, the dedicated nurse collected the human milk in two ways: (1 Fractional donation: If the
distance was short, the puerpera or a family member would deliver fresh or frozen breast milk for the infant once a day;
the dedicated nurse would calculate the volume of human milk to be fed on that day based on medical advice, and the
excess volume would be frozen and stored. After the preterm infant is discharged from the hospital, the pre-stored human
milk would be summarized and officially stored in the bank. On the same day, the human milk would be dissolved,
divided, and pasteurized for future use. (2) Discharge donation: In case of long distance, the puerpera or family member
would deliver the frozen human milk at least every 2—3 days. No donations were allowed in the initial stage, to ensure
maternal breastfeeding. After a preterm infant was discharged from the hospital, the remaining human milk pre-stored in
the refrigerating cabinet of the human milk bank would be donated and sterilized for future use.

Cost and Financial Compensation

The total operating cost of the human milk bank involve four cost centers—promotion and recruitment, collection,
processing, and storage, and distribution, including the costs of consumables, labor, office supplies, energy consumption,
equipment depreciation (including depreciation and maintenance of housing), and testing, all of which are currently
borne by the hospital. The human milk bank of our hospital is currently operating on a “free donation, free use, and
moderate compensation” model. At the distribution stage, donated human milk is thawed and delivered to the neonatol-
ogy department, where the specialized nurses dispense and feed the infants based on medical advice. Our hospital has set
a reasonable human milk processing fee of RMB 50/day, which is stipulated to be charged once regardless of the number/
volume of donations received on one day by calculating the costs of sanitary materials (sterilized gloves, collection
bottles, syringes/disposable bottles, milk storage bottles) and salary (staff consumption and time consumption) in this
process, and as approved by the relevant department.

Study Variables and Evaluation Indexes

(1) The age, gestational week, mode of delivery, educational background, time of first donation, donation volume, and
number of donations by the donor. Gestational age, birth weight, days of donation of the recipient. (2) Total and unit
costs: In this study, a four-step process model was used to divide all operations into four cost centers (recruitment,
collection, storage, and distribution), involving direct and indirect cost elements related to human milk donation; the
annual cost and unit cost of operating and managing the milk bank of our hospital were calculated based on the
operation-based costing process of Chinese human milk banks developed by Cun.*® Cost of each cost center = Direct cost
of operationtX (Standard unit price of each resource x Consumption of the resource). Total human milk bank operating
costs = X (Cost of cost center). Compensation cost = X (Number of recipients per day x Single human milk disposal fee).
Unit cost of 1 L donated milk = (Total operating cost of the human milk bank in the same period - Compensation cost in
the same period)/Total volume of eligible donated human milk in the same period (L). (3) Incidence of NEC in preterm
infants = Number of preterm infants in the same period/Total number of preterm infants in the same period x 100%. The
modified Bell-NEC grading criteria in the fifth edition of Practical Neonatology was used to make the diagnosis of
NEC,?” and the preterm infants were determined to have NEC based on the clinical features and radiographic evidence.

Data Collection Method
From 2018 to 2021, the dedicated nurse at the human milk bank collected and acquired the relevant data of both donors
and recipients, as well as the cost of each cost center, through the Manual Donation Registration Form and the Human
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Milk Bank Information Management System; the data was later entered into the database, and checked by the head of the
human milk bank. The NICU physicians calculated the NEC incidence in preterm infants.

Statistical Method
SPSS26.0 statistical software was used to process the data. The measurement data conforming to a normal distribution
were expressed by mean + standard deviation, and those not conforming to normal distribution were expressed as median

and interquartile range. The counting data were expressed as cases, percentage, and percent.

Results
General Operating Data of the Human Milk Bank

(1) Donor clinical characteristics: The mean age was 30.5244.65 years old, the mean gestational week was 31.13+£2.62
weeks, 55.79% had an education background of junior college and below, 68.55% had cesarean section, 2.20% had full-
term delivery, and 68.18% were primiparae (Table 1). Furthermore, the average number of donations was 6.44+1.26
times, the average time to first donation was 4.04+2.43 days, and the individual donations ranged from 130 mL to
37,300 mL, with the median of 2125 mL. The proportion of total donors who had previously received donated human
milk among all donors was 63.49% (313/493) in 2018, 65.58% (242/369) in 2019, 69.35% (172/248) in 2020, and
87.40% (222/254) in 2021, showing an increasing trend.

(2) Clinical characteristics of the recipients: As shown in Table 2, the mean gestational age was 31.2342.39 weeks,
the mean birth weight was 1508.01+504.25 g, the mean days of receiving donated human milk was 9.39+9.24 days, and
the mean hospital stay was 42.34+23.80 days.

(3) The annual milk donation to the human milk bank of our hospital was slightly greater than consumption, which
can ultimately meet the basic demand of the hospital. Due to the impact of COVID-19, the number of infants in the
NICU decreased in 2019 and 2020, as well as the volume of milk donation and the number of donors and recipients.

Table | Clinical Signs of the Donors

Number of Donations Person-Time
< 3 times 248

3-9 times 6015

2 10 times 21

Premature or full-term
Preterm puerpera 1334
Full-term puerpera 30

Time of first donation (after delivery)

< | week 139
| week—I| month (including | month) 805
| month-2 months (including 2 months) 317
2 month—3 months (including 3 months) 94
> 3 months 9

Delivery mode

Normal delivery 429
Caesarean 935
Parity
Primipara 930
Pluripara 434
Education background
Master’s degree and above 80
Bachelor’s degree 523
Junior college and below 761
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Table 2 Duration of Breast Donation Therapy for

Recipients
Duration of Breast Donation Person-Time
< I5 days 1898
15-30 days 241
2 30 days 103

After the decline in the intensity of the epidemic, the operation of the human milk bank gradually returned to normal, and
in 2022, the number of recipients and volume of eligible milk donation significantly increased, as shown in Table 3.

Calculation of the Operating Cost

Table 4 shows the proportion of each cost center in the total cost of operation. The processing and storage costs
accounted for the highest percentage, followed by the distribution cost, and the collection and recruitment costs. Over
a 4-year period, the total cost of the human milk bank of our hospital was RMB 1,790,872, and the human milk disposal
fee was RMB 852,790 (Table 5). The processing cost of 1 L of donated human milk decreased from RMB 735.58 (USD
102.19) to RMB 385.31 (USD 54.15).

Table 3 Quality of Donated Human Milk in the Human Milk Bank and Its Usage from

2018 to 2021
Total Milk Donors Eligible Milk Usage (L) | Recipients
Donation (L) Donation (L)
2018 824.00 493 552.08 452.80 544
2019 722.37 369 592.34 534.35 527
2020 646.45 248 536.55 402.16 467
2021 876.35 254 753.66 730.24 705
Total 3069.17 1364 2434.63 2119.55 2242
Table 4 Cost Allocation Among Different Cost
Centers of the Human Milk Bank from 2018 to 2021
Total Cost/(%)
Recruiting 90,000(5.03)
Collection 116,432(6.50)
Processing & Storage 979,628(54.70)
Distribution 604,812(33.77)
Total 1,790,872(100)
Table 5 Breakdown of Reimbursement for the Human
Milk Bank from 2018 to 2021
Annual Cumulative | Total Annual
Number of Daily Cost of Human
Recipients Milk Disposal
2018 4653 93,060
2019 4814 96,280
2020 4660 233,000
2021 8609 430,450
Total 22,736 852,790
Notes: Human milk disposal cost from 2018 to 2019 was RMB 20 /time,
which increased to RMB 50 /time in 2020.
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Figure | Incidence of necrotizing enterocolitis in preterm infants from 2018 to 2021.

NEC Incidence in Preterm Infants
NEC incidence in preterm infants was 66/775=8.5% in 2018, 58/767=7.5% in 2019, 44/733=6.0% in 2020, and 38/
740=5.1% in 2021, revealing an overall decreasing trend, as shown in Figure 1.

Discussion
Mutual Aid Human Milk Bank for Preterm Infants Optimized the Donor Structure

One of the important conditions for normal operation of a human milk bank is the availability of healthy human milk
donors. Currently, most donors are volunteers recruited from society; however, the costs of serological testing, and
human milk preservation and transportation reduces the interest of donors and creates difficulty in donation.?®
Furthermore, as the targeted lactation of mothers of the preterm infants target lactation on Day 7 after delivery is
>190 mL/d,* the excess human milk from mothers of VLBW preterm infants is discarded. The Mutual Aid Human Milk
Bank for Preterm Infants acquires the excess human milk for preterm infants during hospitalization, thereby preventing
wastage and achieving redistribution of this valuable resource.

The composition of preterm human milk differs from that of full-term human milk, making its nutritional value and
biological functions more suitable for preterm infants.***' In the human milk bank of our hospital, 97.8% of the donors were
preterm puerperae, which is significantly higher than that reported in domestic and international literature.'”*** Since many
preterm infants were recipients, their mothers understood the importance of human milk donation and were more willing to be
donors. In this study, the proportion of all donors who previously received donated milk among all donors increased year
after year. When human milk became abundant, the mothers of the recipients would actively donate their milk out of empathy
and gratitude, creating a virtuous circle. Simultaneously, the previous receipt of the donated human milk increased the donors’
awareness of the formal donation, creating a good compliance in the process of human milk collection and storage, thus
increasing the qualification rate (qualified milk donation/total milk donation) year after year. It is worth noting that during the
four years of operation of the human milk bank, the mean gestational age of donors was close to that of recipients (around 31
weeks, with a standard deviation of about 2 weeks), indicating that the human milk bank of our hospital provided preterm
infants with the most appropriate human milk, rather than human milk of any gestational age. Another characteristic of the
human milk bank of our hospital is that most donors began donating between 1 week and 1 month after delivery, which was
earlier than the time to first donation reported in relevant literature.'’~** The composition of human milk varies with birth
age, and donated human milk generally comes from the later stages of lactation, so the composition is similar to that of mature
milk with relatively low nutrient content.>> The donors of our human milk bank can provide preterm infants with human milk
that contains more calories, fat, and protein concentration.>**” The number of donors who began donating human milk 3
months after delivery decreased rapidly, most likely due to the fact that most Chinese women only have 4-6 months of
maternity leave and their free time and lactation volume would decrease significantly upon returning to work.
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Our donors ranged from 25 to 35 years, and approximately 70% of the donors were primiparae, which is similar to the
characteristics of the donor population reported in literature.'”*** As our hospital is a referral center for high-risk
pregnancies in Hangzhou and surrounding areas, donors undergoing cesarean section accounted for a high proportion (up
to 68.55%), which differed from what was reported in Mainland China,'” but is similar to what was reported in Vietnam
(up to 57%).>* Most donors had a junior college education or below, which is similar to a study in India,*® indicating that
women with low education levels can also be motivated to donate human milk.

Mutual Aid Human Milk Bank for Preterm Infants Did Not Affect Maternal

Breastfeeding for Recipients
The recipients of the donated human milk in this study were preterm infants, and 84.7% received donated human milk for less
than 15 days (9.4 days on average), which was longer than the duration reported in Nanjing Maternal and Child Health Care

3239 most likely

Hospital and Da Nang Hospital in Vietnam,**-** but much shorter than that reported in Scotland and Taiwan,
because most of the mothers could produce sufficient human milk for feeding after a certain point in time. In this study, we also
discovered that the duration of receiving the donated human milk was no more than 25% of the total hospital stay, indicating
that the donated human milk provided temporary support in case of insufficient maternal milk, and could give the
corresponding mothers time to establish their own milk supply. In the absence of maternal breastfeeding, the donated
human milk could be a critical “bridge” for the infants.** The proper use of donated human milk as a transition prior to
maternal breastfeeding can enable mothers to initiate and maintain breastfeeding during separation, without using infant
formula as a supplement. To avoid potential overuse and misuse of the donated human milk, most preterm infants should take
donated human milk as a brief alternative in the process of promoting breastfeeding, rather than being the entirety of their
feeding regimen. Therefore, it is important to reduce the duration and volume of donated human milk consumption, accelerate

maternal breastfeeding, and encourage these mothers to become donors.

Mutual Aid Human Milk Bank for Preterm Infants Reduced the Cost

It is critical to seek financial backing for constructing human milk banks. In foreign countries, the cost of donated human milk
per infant in the NICU ranged from USD 27 to USD 590/L.*' In China, Cun®® calculated the unit cost of processing 1 mL of
donated human milk in Chinese public hospital human milk banks based on the activity-based costing method, ie, RMB 0.80—
1.14, with little difference across regions. Daili et al** investigated the costs of human milk banks in China with mature
operating systems, and found that the human milk bank of Guangzhou Women and Children’s Medical Center had an
operating cost of USD 141/L, the human milk bank of Nanjing Maternity and Child Health Care Hospital had an operating cost
of USD 117/L, and the human milk bank of Shanghai Children’s Hospital had an operating cost of USD 168/L. As for the
Mutual Aid Human Milk Bank for Preterm Infants, during the collection process, the serological test was replaced with the
serological report of the donors (hospitalized puerperae) during delivery, and no repeated test was required within 3 months,
reducing the cost of donor screening and ensuring the standardization of donation. The cost of collection was significantly
reduced, far below the percentage reported by the human milk bank of Shanghai Children’s Hospital.> In the process of
recruitment, we saved the costs of transportation, telephone consultation, promotion, and reception. Furthermore, we proposed
a reasonable compensation policy for charging the human milk disposal fee, which can further reduce the cost.

NEC Incidence Showed a Decreasing Trend During the Operation of the Mutual Aid
Human Milk Bank for Preterm Infants

As per domestic and foreign research, the maternal breastfeeding quality improvement program can significantly reduce
NEC incidence.*>*® The results of this study showed that donated human milk was equally effective, as it could avoid
the direct toxic effects of formula on intestinal epithelial cells, and decrease intestinal permeability, lowering NEC
incidence,*’” while possessing bioactive substances. Follow-up large sample studies need to be conducted to determine
whether maternal breastfeeding reduces NEC incidence and severity better than donated human milk.
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Conclusion

The Mutual Aid Human Milk Bank for Preterm Infants of our hospital could achieve self-sufficiency based on the steady
flow of human milk provided by premature mothers, thus creating a satisfactory trickle-down effect. The continuous
operation of our human milk bank mainly relied on funds and sources of donated human milk, and the four-year
successful operation proved the sustainable model of the construction and maintenance of the Mutual Aid Human Milk
Bank for Preterm Infants. It is imperative to actively expand the methods and means of milk donation, seek funding
compensation, ensure the good circulation of the management of the human milk bank, and provide a more evidence-
based foundation for the development of human milk banks.

We must realize the importance not only of promoting maternal breastfeeding but ensuring we do all we can to
support it, hence providing counsellors also in the NICU where women maybe able to breastfeed directly also their
preterm babies. In 2021, fifteen national departments, including the National Health Commission of the People’s
Republic of China, collaborated to create the Breastfeeding Promotion Action Plan (2021-2025), to further promote
breastfeeding. Human milk (especially fresh maternal milk) can provide preterm infants with the most natural and
optimal nutrition. It is the only and the most effective method for reducing the incidence and severity of NEC. It is
imperative to take multiple measures to promote fresh maternal breastfeeding for preterm infants, followed by refriger-
ated human milk, frozen human milk, and pasteurized donated human milk. The Mutual Aid Human Milk Bank of our
hospital helped preterm infants by bridging, supplementing, and facilitating breastfeeding.
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