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Abstract
In the aftermath of the SARS-CoV-2 pandemic, we revised the cost-effectiveness of the exploited interventions in neonatal
intensive care unit, to redefine future strategies for hospital management. Costs were revised with respect to the lockdown R0 or
under different R0 scenarios to estimate the cost-effectiveness of the screening program adopted. Weekly nasopharyngeal swabs
for parents, neonates, and personnel were the major cost during the pandemic, although they effectively reduced the number of
cases in our unit.

Conclusion: Parents and healthcare personnel testing appears to be an effective strategy due to the high number of contact they
have within the hospital environment and outside, able to minimize the cases within our unit.
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NICU Neonatal intensive care unit

Introduction

In the aftermath of the SARS-CoV-2 pandemic, it comes the
time to evaluate the cost-effectiveness of the exploited inter-
ventions to redefine future strategies for hospital management.

Although the SARS-CoV-2 impact in neonatal care has
been clinically minimal, the pandemic has heavily affected
the work organization in neonatal critical care setting [1].

Neonatal infection seems to be rare and acquired later dur-
ing breastfeeding or neonatal care [2], and the respiratory out-
comes have been shown in small cohorts to be favorable [3];
however, vertical neonatal transmission has been documented
and needs to be accounted during delivery room interventions
and early neonatal care [4].

What is Known:
• Costs of universal COVID-19 tests for parents, neonates, and NICU personnel have not been evaluated during the COVID-19 pandemic in neonatal

intensive care unit in Europe.

What is New:
• Weekly nasopharyngeal swabs for parents, neonates, and personnel were the major cost during the COVID-19 pandemic in NICU.
• Parents and healthcare personnel testing was effective to reduce costs related to COVID-19 due to the high number of contact they have within the

hospital environment and outside.
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We fall short of evidence about the contagious rate among
neonatal intensive care unit (NICU) personnel as well as from
neonate to personnel [5]. As for all the pediatric healthcare
facilities, the access of families has to be limited and parents/
caregivers need to be trained to the use of personal protective
equipment (PPE). The practice of testing the parents as well as
the personnel is still largely limited due to the costs and the
facility available to this task.

Herein, we describe the cost-effectiveness of systematic
testing and individual protection of medical and non-medical
personnel, patients, and their parents in a neonatal intensive
care unit hub in north-eastern Italy.

Methods

Setting The neonatal intensive care unit of the University
Hospital of Padova is the hub center for north-eastern Italy
with ~ 3000 admissions/year and 100 neonates/year with very
low birth weight. Padova NICU is a facility with a total of 35
cradles, 20 for intensive care, three open spaces with six beds
each, and two isolation rooms with negative pressure. The
personnel consist of 12 neonatologists, 15 residents, 56
nurses, and four non-medical assistants.

Measurements during SARS-CoV-2 Parents’ access has not
been restricted, with weekly swab test, daily temperature mea-
surements, and PPE before the admittance after a specific
training for the use of PPE in NICU area. Personnel have been
tested weekly, with daily monitoring of temperature. Each
neonate admitted to NICU has been tested with RT-PCR for

SARS-CoV-2 (collected by nasopharyngeal swab), regardless
of maternal status.

Cost analysis The first three trimesters of 2019 and the first
three trimesters of 2020 were compared for the descriptive
cost analysis. The projection of the expected costs under
different scenarios accounted for the actual costs (first tri-
mester of 2020) with the number of cases presented as
compared with the expected costs under the scenario of
one or more key person involved. The effectiveness was,
furtherly, evaluated assuming an R0 (number of people
expected to be infected by a single case) from 0.5 to 4.5
(4.5 was the peak R0 reported in the region and 2.68 the
maximum R0 from Wuhan area).

Salaries were considered “savings” when one or more
healthcare providers (HCPs) were projected as infected and
quarantined for 15 days with necessity for a personnel unit for
replacement.

Contacts have been described according to the standardized
procedures of our setting; therefore, each parent is exposed to
the room nurse and to one resident, one attending, and one
non-medical HCP, plus her/his own baby (Fig. 1).

Estimated savings-costs difference was estimated as
follows:

Savings-costs = average salary for the number estimated
contacts − costs of prevention campaign.

The average salary was calculated for the minimum ab-
sence of 14 days prescribed to the asymptomatic cases. The
cost of prevention campaign was the cost of daily PPE +
weekly nasopharyngeal swab.

The savings-costs difference was estimated under three differ-
ent scenarios: (1) screening for HCP and neonates (no parents);

Fig. 1 Contacts within neonatal intensive care unit according to the work organization. HCP, healthcare personnel
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(2) screening for neonates and parents (no personnel); (3) screen-
ing for HCP and parents (no neonates).

Our unit adopted a universal screening for HCPs, parents,
and neonates.

Results

During the pandemic period (from February 21 to April 21,
2020), we admitted 65 neonates and 114 parents. A total of
954 nasopharyngeal swabs were collected from 226 individ-
uals. Two parents and three HCPs tested positive and were
kept isolated for 14 days. They were all asymptomatic.
Positive cases did not have severe infection and were treated
at home. The absence fromwork of positive cases was 45 days
in total, 2 weeks per positive HCP.

Table 1 summons up the costs sustained during the pandem-
ic period (1st trimester 2020), and the two following trimesters
of 2020, as compared to the same time-shifts in 2019. During
the 2nd and 3rd trimesters, we did not record any case among
HCPs and parents. The 9-month costs for personal protective
equipment and nasopharyngeal swabs doubled in 2020 vs
2019. However, while the unitary cost for NF swabs remained
unchanged throughout the three trimesters of 2020, the number
of PCR test for SARS-CoV-2 decreased during the last trimes-
ter, according to the lower R0, while the number of PPEs used
increased from the 1st to the 3rd trimester of 2020.

Standing the actual costs, we projected the estimated ex-
pense under the three different screening policies: (1) screening
for HCP and neonates (no parents); (2) screening for neonates
and parents (no personnel); (3) screening for HCP and parents
(no neonates). The projection was conducted under four differ-
ent R0 ranging from 0.5 to 4.5. The interaction among parents,
neonate, and healthcare personnel is displayed in Fig. 1.

We estimated that one HCP could have infected 9, 27, 54,
and 81 contacts under four R0 scenarios (0.5, 1.5, 3, and 4.5),
but the number of infectedwas capped to themaximum number
of contacts per shift (14 HCPs and 4 parents); a parent could
have infected 1.5, 4.5, 9, and 13.5 contacts plus her/his own
baby. The neonate estimated contagious rates were fixed at four
(one nurse, one resident, one non-medical assistant, one attend-
ing) per each shift, independently from the R0 (Fig. 2a, b).

Cost of the prevention campaign, per shift, was 11.000
EUR (100EUR/week for PPE and alcoholic solution, over
gown + 65.0/swab including the 60 parents admitted and 14
HCPs per shift).

Figure 2 b depicts projected savings under different R0
scenarios and screening policies. Costs are represented by
the PPE (fixed cost) and the nasopharyngeal swabs, while
“savings” are costs of work days saved under different
rates of contagious. Savings were estimated with respect
to the number of expected contacts and the working day
loss/HCP unit.

Conclusion

The pandemic screening measurements and the implementa-
tion of PPEs use in a NICU setting doubled the costs of man-
agement during the first 9 months of 2020 as compared to the
same period of 2019. In spite of differential limitations ob-
served out of the hospital setting, the costs for screening test
remained unchanged over time in 2020 with a progressive
increase in PPE use and associated expense. The measures
were effective to prevent new in-hospital cases among the
personnel and the parents regardless of the relative fluctua-
tions of the R0 in north-eastern Italy.

While under R0 = 0.5 scenario we observed a minimal dif-
ference with the three screening strategies, it dramatically in-
creased with R0 ≥ 1.5. The adoption of parents’ screening
(with neonates or with HCPs), under an R0 = 4.5 scenario,
was associated with an expected saving of ~ 140,000. The
estimated saving derives from the HCP work days that should
have been replaced with additional units in case of infection.

Parents’ screening was associated with the most cost-
effective saving scenario in the presence of R0 ≥ 1.5, since
parents have at least 4 contacts per day with HCPs plus their
own baby, and interact with multiple shifts during the week.
Therefore, while the number of potential infections is capped
for HCP (whose shifts are unchanged over the month), the
number of contacts due to infected parents can grow exponen-
tially by involving multiple shifts even in the presence of HCP
and neonate screening policies.

This cost analysis confirmed that a heightened surveillance
in NICU, involving both HCP and parents, could save the

Fig. 2 a Number of predicted infected cases under different R0. b
Projected savings-costs analysis according to the expected costs of lost
work days in case of contagious
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highest personnel costs. Monitoring the health status of all the
personnel and the parents has permitted to keep the environ-
ment safe, preventing the spread of the virus among staff and
parents and avoiding any horizontal transmission between
hospitalized infants. [6]

Even though such results cannot be generalized to other
countries or to developing areas, due to different costs of per-
sonnel, sick-days policies, and screening costs, they provide a
clear insight into the effectiveness of parents’ screening in
NICU setting, and preserve the ability of parents to visit their
newborns in spite of a pandemic crisis. The cost estimates are
strictly limited on regional policies for healthcare expenses,
materials purchased, and testing facilities’ capability.

Our NICU screening policy intensified the frequency of
healthcare personnel and parents with respect to the general
hospital policies, due to the specific features of our environ-
ment. [7] Therefore, our results cannot be generalized to the
hospital as well as to other departments than NICU.

Our estimates largely minimize the impact of out-of-
hospital infection of each of the involved actors and assume
a capped number of contacts for HCPs and parents that is
warrantied only under restrictive management personnel pol-
icies and within the specific regional contest the study has
been conducted.

The lack of generalizability of such a cost-effectiveness
analysis is, therefore, a major limitation of this report, but it
provides a unique insight in a regional universally covered
healthcare system and into the measurements in place to min-
imize the impact of the pandemic on the workflow in a NICU
setting.

The rate of infection and the prevalence of the virus in the
general population are key factors in evaluating the effective-
ness of screening policies. The reduced benefits deriving from
low R0 is suggestive for a flexible screening policy according
to the regional R0 of the virus and calls for careful monitoring
from local healthcare authorities of the population prevalence
of the infection by large screening policies.
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